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(CeHsCH>)2C7o was electrosynthesized fromy&  and GHsCH.Br and purified by HPLC. Mass spectral

results for the largest HPLC fraction confirm formation of the compound, WHIlRMR spectroscopy suggests

that three isomers are present in this fraction, all of which are 1,4-addition products. The isomers are proposed
to be the 22,25-, 22,41-, and 22,45-isomers on the bastsl MR data and the fact that bulky benzyl
groups on G form preferentially 1,4- rather than 1,2-addition productsH¢CH,).Co was examined as to

its electrochemical properties, and two sets of reduction processes were observed, one of which is assigned
to the 22,25- and 22,41-isomers that exhibit identical electrochemical properties and the other to the 22,45-
isomer of (GHsCH,).C7o. The vis—near-IR spectrum of (§sCH,).C7¢~ in benzonitrile shows a strong band

at 776 nm which is not seen for,& as well as two more bands in the near-IR region (1062 and 1250 nm)
which are blue-shifted with respect to the near-IR absorption band®f tbat appears at 1368 nm.

Introduction (a) Ceo

The methods for producing ¢& and Go in macroscopic
amounts were discovered at the same tinend despite

< >
numerous published studies oroCthe chemistry of & has ’ \
remained much less explored due to the relatively low abun-
dance of the latter compound.;£has been shown to have
electrochemical properties and reactivity similar to thosegsf C
The compound exhibits six reversible one-electron reductions
at potentials which are slightly shifted in a positive direction

with respect to the six one-electron reductions @f.<Both

Cso and Go can undergo reactions with diazo compoufidfs,
nucleophileg;8 electron-rich metal complexé&s!? hydrogent3-16 -
and nitrile compound¥’*® However, the two fullerenes have

different geometries; there are only two types of bondsdyn C
(labeled as band by in Figure 1a) as compared to eight types
of bonds in Gy (labeled as hi = 1-8, in Figure 1b). This
makes the regiochemistry of;&£organofullerene derivatives
much more complicated than that o§C

Cahill and co-workers have demonstrated by both theoretical
and experimental means that the 1,9- and 7,8-adducts,of C
(see Taylor's numbering structdfen Figure 1b) are the two
most stable 1,2-addition products for;f8..24 They also
predicted, using hydrogen as a model, that the 1,7- and 22,41-
adducts would be the most stable 1,4-addition prodtfcts.
However, to date, no 1,4-disubstitutedoQlerivatives with
covalent C-C bonds have ever been isolated.

We have earlier demonstrated that organofullerenes with
either 1,4- or 1,2-addition patterns could be electrochemically
generatedia a reaction between the dianion ofg@nd GHs- Figure 1. Schematic representation of (ajo@nd (b) Go including
CH,Br,2021and this electrosynthesis technique can also be usedthe labeling of different types of bonds and the numbering of some
to obtain organofullerene derivatives of;C The reaction carbon atoms on both molecules. The numbering of carbons-fds C
between G2~ and GHsCH,Br yielded a mixture of three (Els- taken from ref 19.

CH,)2C7o isomers whose electrosynthesis, isolation, and char- o .
acterization are reported in the present paper. A stable alkyl

t University of Houston. adduct of G is also generated by addition ofldsCH,Br to a
* Osaka University. photolyzed solution containing/and 4tert-butyl-1-benzyl-
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1,4-dihydronicotinamidet{BuBNAH). The reaction proceeds (CgHsCH),Crg
via formation of thetert-butylated Go anion (-BuC;o~) as was
also reported for the photochemical reaction @§.¢23

Experimental Section C7 W

Chemicals.Cyowas obtained from TechnoCarbo, France, and \
used as received. Electrochemical grade tetoartylammonium

perchlorate (TBAP), purchased from Fluka, was recrystallized
from absolute ethanol and dried in a vacuum at 313 K prior to
use. GHsCH,Br (98%) and tetramethylsilane (TMS) (9%:%)
were purchased from Aldrich and used as received. t€he
butylated BNAH {-BuBNAH) was prepared by a Grignard
reaction with BNAFCI~.2425Benzonitrile (PhCN) was distilled
over BOs under a vacuum at 305 K prior to use. £Bexanes,
toluene, and methanol from EM Science (Gibbstown, NJ) were
used without further treatment. GOl> for NMR measurements
was purchased from Cambridge Isotope Laboratories (Andover,

MA) and used as received.

Synthesis. The dianion of Gy was generated by bulk

controlled-potential electrolysis of£at —0.9 V vs SCE, a 0 10 20 30 40 50 60 70 80 90 100 110 120 130
potential which is located betweds, for the second and third
reductions of G A 5-fold excess of gHsCHyBr was then Retention Time (min)

added to the solution after the potentiostat was switched off. Fi 2 HPL f th de mi btained b .
The reaction was allowed to proceed for 1 h, after which the | oc 5 o ¢ trace of the crude mixture obtained by reaction
p ! - between G#~ and GHsCH,Br using an analytical Buckyclutcher |
solvent was evaporated and ¢bH added to wash the residue  column eluted by a 2:1 viv hexanes/toluene mixture with a flow rate
and precipitate the crude product. Purification of the crude of 3.6 mL/min.
product was performed using an analytical “Buckyclutcher |” .
column and a 2:1 viv hexanes/toluene mixture as eluent. The250 mV more negative that, of the (GHsCH;)2Cro /(CeHs-
most abundant fraction of the HPLC trace was collected and CHz)2Croredox couple in PhCN containing 0.2 M TBAP. Cyclic
characterized by MS!H NMR, UV—vis spectroscopy and  Voltammetric measurements were carried out in the glovebox
e|ectrochemistry, while the s|ng|y reduced product O§H§5 |mmed|ate|y after bulk eleCtrOlySiS. The eleCtrOgenerated mono-
CH,)2C7o was characterized by visear-IR spectroscopy. anion of (GHsCH).C7o was then transferred from the bulk cell
The tert-butylated Go anion was prepared by the following 0 @ 1 cmquartz cuvette and the cuvette removed from the
procedure. Typically, to a solution of7§(0.25 mg, 0.0003  9lovebox after being capped with a rubber septum and sealed
mmol) in deaerated PhCN (3 mL) under an atmospheric pressureWith Parafilm. Vis-near-IR measurements of the compound
of argon was addedBuBNAH (0.081 mg, 0.0003 mmol). The ~ Were carried out und(_ar azNatmosphere. S
solution was irradiated fol h with a Xe lamp { > 370 nm) MALDI (matrix-assisted laser desorption ionization) mass
equipped with a Toshiba UV-37 cutoff filter. The addition of ~SPectra were acquired at the UT-Houston Medical School, using
CeHsCH:Br to the photolyzed PhCN solution of 76 and a Pferseptlvg Voyager Elite t|me-of-ﬂ|ght mass spectrometer
t-BUBNAH yieldedtert-butylbenzyldihydro[70]fullerenet@u-  €duipped with delayed extraction and a nitrogen laser. The
(CeHsCH2)Cro). The final product was isolated and characterized Sample was dissolved in toluene or carbon disulfide. A saturated
by FAB-mass spectrometry. FAB-MS: mass calcd f@iHGs solution of 2,5-dihydroxybenzoic acid in 0.1% trifluoroacetic
989.0. found 988.8. acid was used as a matrix. A solution containing 815 of
Instrumentation. H NMR spectra were recorded on a GE Matrix and 0.5uL of sample was placed on the target. The

QE 300 MHz spectrometer in GBI, and referenced to TMS. sample was aI_Iowed to dry at room temperature and was
UV —vis spectra of neutral (€1sCHz),Cro were recorded on a protected from Ilght. Electrospray mass ionization spectra (ESI-
Hewlett-Packard model 8453 diode array spectrophotometer.MS) Of tBuCzo~ in PhCN were recorded on a JEOL JNX-
Near-IR spectra were obtained with both a Hewlett-Packard DX303 HF mass spectrometer. ESI-MS: mass calcd for
model 8453 diode array spectrophotometer and a Perkin-EImert'BUC70 @741"9) 897.1,.f0und 897. ) .

model 330 spectrophotometer. Cyclic voltammetry (CV) and Theoretlcall Calculations. Theoretical calcglaﬂons were
controlled-potential bulk electrolyses were carried out using an Performed using the MOPAC program (version 6) which is
EG&G Princeton Applied Research (PAR) model 263 poten- incorporated in the_MOI__MOLIS program by Dalk_ln In(_JIL_Jstrles,
tiostat/galvanostat. A conventional three-electrode cell was used-td: Thg PME’ Hamllton|an was used for the §em|emp|r|cal MO
for CV measurements and consisted of a glassy carbon Workingcalculgtlo_n§. Final geometries and energetics were obtained
electrode, a platinum counter electrode, and a saturated calomePY OPtimizing the total molecular energy with respect to all
reference electrode (SCE). The SCE was separated from thebtructural variables. The heats of formatiakH) were calcu-
bulk of the solution by a fritted-glass bridge of low porosity lated with the“restrlcted ‘I,-|artreeFock (RHF) formalism using
which contained the solvent/supporting electrolyte mixture. the keyword “PRECISE".

Controlled-potential bulk electrolyses were performed in a
glovebox from Vacuum Atmosphere Co. using an “H”-type cell
which consisted of two platinum gauze electrodes (working and  Electrosynthesis of (GHsCH2).C7o. The HPLC trace of the
counter electrodes) separated by a sintered glass frit. Solutiongeaction between 42~ and GHsCH,Br is shown in Figure 2
containing about 2x 1074 M monoanion of (GHsCH>).C7o and displays several fractions in addition to that corresponding
were obtained by setting the applied potential at values-150 to unreacted &. The largest fraction in the HPLC trace was

Results and Discussion
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Figure 3. Negative MALDI mass spectrum of §8s5CH,).Cro.

SCHEME 1
Electron Transfer
Cy> + CgHsCHyBr — = [C,y"™ C(HsCH, Br]

Radical Coupling
Br~
C¢HsCH,Cq¢~
C¢HsCH,Br

Sn2 Reaction
Br~

(CsHsCH;),Cqo

isolated, and its negative MALDI mass spectrum is illustrated
in Figure 3. This spectrum exhibits the ¢dsCH,).Cro™
molecular ion peak ai/z = 1022 along with two fragment
ions corresponding to the stepwise loss of the twbl4CH,
groups,i.e., [(CeHsCH,)2,C70 — CeHsCHy]~ at m/z = 931 and
[(C6H5CH2)ZC70 - 206H50H2]‘ at m'z = 840. The MS data
are therefore consistent with formation ofgt€sCH,)2Cro.

A reaction mechanism for generation oECH,),Cgo from
Ces?~ and benzyl bromide has been reported in the literafit®,

Kadish et al.
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Figure 4. H NMR for the major fraction of the HPLC trace of {8s-
CH).C70 in CS/CD,Cl,. Only the region corresponding to the
methylene proton resonances is shown.

SCHEME 2
H ,#+Bu
CONH, hv - CONH,
| | + Cyp — > I + + +-BuCyy
N N
Bz Bz C¢HsCH,Br
t+-BuBNAH Sn2 Reaction
Br~
t-Bu(CgHsCH,)Cqq

t-Bu(CGsHsCH,)Cro (Scheme 2) as was reported for the reaction
of t-BuCso~ with electrophileg?!

IH NMR Spectrum of (C¢HsCH2)2C7o. Figure 4 shows the
IH NMR spectrum of (GHsCH,),C7o in the region for meth-
ylene protons, while Table 1 summarizes the position of
resonances for the methylene protons in this spectral region.
The spectrum which was recorded in a mixture ob{C®,Cl,
is characterized by two AB quartets with different integrated
intensities (1.00 and 1.72) centered at 2.91 and 3.63 ppm
(referenced to TMS) and a singlet (with an integrated intensity
of 0.92) centered at 3.35 ppm. The AB quartets are caused by
the diastereotopic methylene protons of the benzyl groups as
was observed for (§1sCH,).Ceo, thus indicating that the 3p
carbons of g and G, which are bonded to the benzyl groups
are chiral centers’28The coupling constants of 13:13.3 Hz
between protons of the AB quartets (see Table 1) are within
the normal range for coupling constants between geminal
protons?® However, the fact that the two AB quartets in Figure
4 have different intensities suggests that the signals originate
from two different isomers of (€4sCH,).C7o. Each isomer

and a similar sequence of steps is proposed for the formationshould possess &s or C, symmetry since both compounds

of (CeHsCH,)2Cro from Cz¢>~ and benzyl bromide. An electron
transfer from electrogenerated£ to benzyl bromide gives a
radical ion pair [Go~ CeHsCHx*Br~] in which the radical
coupling between ¢~ and GHsCH;® yields GHsCH,C7o~ and
this is followed by an §2 reaction of (GHsCH,)Crg~ with
benzyl bromide to yield (6HsCH,).C7o (Scheme 1).

The formation of stable g mono- and dialkyl adducts can
be achieved by the photochemical reaction e @ith 4-tert-
butyl-1-benzyl-1,4-dihydronicotinamidé BUBNAH) as was the
case for Go.2? Visible light irradiation of a benzonitrile solution
containing Go and 4tert-butyl-1-benzyl-1,4-dihydronicotin-
amide (-BuBNAH) results in formation of theert-butylated
anion (-BuCy¢) and a simultaneous oxidation 6BuBNAH
to BNA™ as shown in Scheme 2. The formation of stable
t-BuCyg~ was confirmed by the electrospray ionization mass

exhibit an AB quartet; a similar spectral pattern has been
reported for 1,4-(gHsCH,)>Cs0,2° @ molecule which ha€
symmetry.

Earlier studies on (HsCH,).Cso have shown that a 1,4-
addition to Gois preferred over a 1,2-addition due to the bulky
size of the benzyl group®, and a similar result is true for
addition of the two bulky benzyl groups to;£as discussed
below. Underivatized & with Ds, symmetry has five sets of
carbon atoms such as C(5), C(6), C(7), C(22), and C(23)
arranged radially about the symmetry axis. The most probable
sites for nucleophilic attack have been suggested to be C(22)
or C(7), followed by C(5), on the basis of the semiempirical
MO calculations of enthalpies of formation for the five isomers
of HC7o~, MeCyo~, and t-BuCz~.3% Our semiempirical MO
calculations of GHsCH,C7¢~ indicate that the addition of one

(ESI-MS) spectrum which shows a peak at the mass numberbenzyl group to & would occur preferentially at the C(7),

expected fort-BuCy;o~ (897). The vis-near-IR spectrum of

C(22), or C(5) position to produce 7-, 22-, or 3HsCH,Cro™,

t-BuCyo~ has an absorption band at 777 nm. The subsequentall three of which are thermodynamically more stable than the

Sn2 reaction oft-BuCyo~ with CeHsCH2Br (Scheme 2) gives

other two isomers as shown in Table 2.



Characterization of (§HsCH,)>C7o J. Phys. Chem. A, Vol. 104, No. 13, 2002905

TABLE 1: 'H NMR Resonances for Methylene Protons of the Three Proposed Isomers of §85CH,),C7o in CS,/CDClI,

chemical shift (ppm) coupling constant (Hz)
proposed 1,4-isomer resonance intensity a H Hp N Jz Ao (Hz)?
22,41-adduct AB quartet 1.00 2.88 2.94 13.0 13.0 16.6
22,25-adduct AB quartet 1.72 3.60 3.66 13.0 13.3 16.4
22,45-adduct singlet 0.92 3.35

aAd is the separation (Hz) between the centers of two doublets for an AB quartet.

TABLE 2: Heat of Formation of All Five Possible 12.0 -
CeHsCH,C7o~ Isomers and Some (GHsCH).C7o Isomers (@
Calculated by the PM3 Method

CsHsCH2C7o~ AH¢ CeHsCH,C7o~ AHs >0

isomer (kcal mol) isomer (kcal mol?)

7-CeHsCH:Cro~ 810.1  6-GHsCH:.Cro- 817.0 %
22-GsHsCHCro~ 811.0 23-GHsCH.Cro™ 830.3 <
5-CsHsCH.Cro™ 812.9 = 3.0

A 1,4-addition to 7-GHsCH»C7o~ would lead to the 1,7- or
7,24-isomerd4 neither of which would show AB quartets or a 0.0 1
singlet in the NMR spectrum since the two adducts both have
C; symmetry. A 1,4-addition to 54E1sCH,Cro~ would produce -3.0 -
the 5,8-isomer which is equivalent to the 1,7-isomer. On the
other hand, a 1,4-addition to 22:@sCH,C7o~ would produce %0 . . . . ' .
the 22,25- or 22,41-isomer, both of which would exhibit AB 02 02 0.6 1.0 14 18 22

quartets since they haveG and aC, symmetry, respectively.
The AB quartet of 1,4-(€HsCH,).Cec?%2is located at 3.73 ppm,
and the curvature of the/gmolecule resembles that of§at 204 (b) V
the 22,25-position& Thus, we assign the AB quartet centered

at 3.63 ppm to the 22,25-adduct, while the AB quartet centered | . |

at 2.91 ppm is assigned to the 22,41-adduct. The 22,41-isomer

of CyoH is known to be theoretically the most stable among g

the 1,4-adduct¥ The monoalkyl precursor of the §Bs- S 107

CH,)2C7o isomers which should give two AB quartets may j
WAYAY,

E (V vs. SCE)

therefore be 22-gHsCH,Cro~ rather than the 7- or 5-isomer of 0.5
CeHs5CH,C7o.

The two benzylmethylene groups ofgdsCH,)>C7o can give
singlet signals when the isomer has a symmetry higher than T
C,, or when two benzyl groups attached to equivalent carbons -0.2 0.6 1.0 14 18
are well-separated from each other and can rotate freely on the E (Vvs. SCE)

NMR time scale. The 23,40-¢8IsCH,).C-o species is the only ~ Figure 5. (a) Cyclic voltammogram (scan rate 0.10 Vsand (b)
isomer which hasC,, symmetry3! The precursor of 23,40- gﬂelrif:g:'zguﬁ\% \(/)?I(taimrggg)reém i%sgizhaiirﬁgiiy’ gnlOSAU'Taéigg
(C6H5CH2.)2C7° should be 23-gHsCH,C7o . However, 23-GHs- Pegks marked with aste?isks2 gréoassigned as the firgt two reductions of
CH.Cro™ is the most thermodynamically unstable monobenzyl e minor (GHsCH,)2Cro isomer, ancE;, values for these reductions
adduct anion as shown in Table 2, and it has been suggestegye given in parentheses.

that a nucleophilic attack at the equator gf Goes not occut®

Thus, the only case in which tHél NMR signals of the two ~ TABLE 3: Reduction Potentials of Czo and (CeHsCH2)2Cro
benzylmethylene groups of §8sCH,).Cso would exhibit a 1N PhCN Containing 0.1 M TBAP?

singlet seems to be when the two benzyl groups are located far Eu2 (V vsSCE)

enough away from each other that a free rotation of the two species 1st ond 3rd 4th
benzyl groups becomes possi_ble. The only isqr_ner d_erived from - 042 —083 —127 —1.70
22-GHsCHC7o~ which satisfies these conditions is 22,45- (¢ H.CH,),Cro major componefit —0.37 —0.84 —1.37 —1.84
(CeHsCHz)2Cr0, Which has aC; symmetry. In this case, the  (CgHsCH,),Cro minor componerit —0.52 —0.94 —1.37 —1.84
expected AB quartet which originates from such a molecule a2 The Fc¢'/Fc couple was 0.49 Ws SCE under the same conditions.

can be seen asa singlet. This _type of a_ddition may occur at_ thes Proposed mixture of 22,41- and 22,25-addutRroposed 22,45-
1- and 4-positions of a butadiene moiety buried in four six- adduct.

membered (pyrene-type) rings which are not found in thg C

skeleton but are involved in& appears also to be the case for the three examined isomers of
The 13C NMR spectrum of (gHsCH,).C7o which exhibits (CeHsCH>)2Cro.

resonances assigned to three methylene groups and thtree sp Cyclic Voltammetry of (CgHsCH5)>C7o. Figure 5 shows a

C7o carbons and théH—'H COSY data show that the three cyclic voltammogram and differential pulse voltammogram of

sets of resonances do not correlate with each é#wth results the three unresolved §BsCH,),Croisomers in PhCN containing

are consistent with the presence of thregH§CH,)C7o isomers 0.1 M TBAP, while Table 3 lists th&;,, values for reduction

in the major fraction of the HPLC trace in Figure 2. It was of Cypand the (GHsCH,)2.C7oisomers under the same solution

recently reported that the analytical Buckyclutcher | column is conditions. The voltammetric data show only two sets of

not able to separatesgEadducts of (P§¥P)PtCso,32 and this electrochemical processes rather than three as seen fitithe
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TABLE 4: Spectral Data for (CsHsCH2).C7¢~, C7¢~, and
t-BuC7~ in PhCN Containing 0.2 M TBAP

35 3 T (M) (€ (M~ e 1))
] species vis near-IR
&
g 25 (CeHsCH).Cr¢~ 776 (4500) 1062 (2400), 1250 (1160)
g Ci 790 (1300) 1368 (4000)
§ s ] 776 t-BuCro™ 777 (1800) none
ﬁ ’ aThe average uncertainty in measurement is ca. 20%Values
] 1062 are taken from ref 34,
0.5 l 1250
of (CeHsCH,),C7¢~ in PhCN containing 0.2 M TBAP, while
L L L L L L L L Table 4 lists the absorption maxima and molar absorptivities
500 700 900 1100 1800 1500 for absorption bands of ¢ElsCHs),Cr¢~, Cr¢~, andt-BuCro~.22
Wavelength (nm) The monoanion of the organofullerene sHsCH,).C;¢"~, has

Figure 6. Visible and near-IR spectra of {8sCH,).Cz¢~ (3.1 x 1074 a Strong absorption band at 776 nm alqng with two Wea_ker
M) in PhCN containing 0.2 M TBAP. The spectrum from 500 to 1000 absorptlor_l _ba_nds at 1062 and 1250 nm Wh|Ch. cannot be assigned
nm was recorded on a HP 8453 diode array spectrophotometer, whilet0 @ Specific isomer. These absorption maxima, however, can
absorptions from 1000 to 1600 nm were measured with a Perkin-Elmer be compared to the absorption maxima efCwhich exhibit

330 UV-vis—near-IR spectrophotometer. The peak marked with an one strong absorption band around 1368 nm and one very weak
asterisk is due to an artifact caused by the instrument. absorption band around 790 i#&#4351t is perhaps interesting

to point out thatt-BuC;y~ also has a band at 777 nm whose
intensity is weaker than that of §8sCH,).C7o"~ but stronger
than that of G¢'~.2% Efforts were also made to electrogenerate
(CeHsCH,).C7*~ to examine the spectral properties of the
compound, but this was unsuccessful owing to an instability of
the dianionic species during the bulk electrolysis time scale.

NMR data of Figure 4. The major electroactive component of
the (GHsCHy)2C7o mixture undergoes four reversible one-
electron reductions &;, = —0.37,—0.84,—1.37, and—1.84

V, and those values can be comparedtip = —0.42,—0.83,
—1.27, and—1.70 V for reduction of . The first reduction

of (CeHsCHz)2Cro is thus shiftedanodically by 50 mV with Acknowledgment. We thank the Robert A. Welch Founda-
respect to the first reduction ofsg and this result contrasts tion (K.M.K., Grant E-680), the Petroleum Research Fund
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reductions of the parent compouffd. Education, Science, Culture and Sports, Japan, for financial
The two electron-transfer processeskt, = —0.52 and support.
—0.94 V in Figure 5a are shown more clearly by the differential
pulse voltammogram in Figure 5b. The peak currents for these References and Notes
processes are smaller than those of the four major electrode (1) Krétschmer, W.: Lamb, L. D.; Fostiropoulos, K.: Huffman, D. R
processes. If the electron-transfer processésat= —0.52 and Nature 199Q 347, 354. T B B
—0.94 V involve reduction of the minor 22,45-isomer otkz- (2) (a) Dubois, D.; Kadish, K. M.; Flanagan, S.; Haufler, R. E.;
CHy)2Cro, the expected third and fourth reductions would be Chibante, L. P. F.; Wilson, L. . Am. Chem. S0d 991 113 4364. (b)
overlapped with the third and fourth reductions of the two major ég‘?s?ié)pggﬁ]gsrg?r%,gé'usghﬁgoﬁﬂag;gw' g hgm-ciﬁfﬁgﬁ,z 'il.éljones
isomeric fractions, which seem to be electrochemically indis- m. T.: Kadish, K. M.J. Phys. Chem1993 97, 13435. o '
tinguishable from each other. In such a case, the ratio of peak  (3) Suzuki, T.; Li, Q.; Khemani, K. C.; Wudl, F.; Almarsson, Science
currents for the reduction of combined 22,41- and 22,25-adducts199%4)251,‘\‘}&11'82-ACC Chem. Re4.992 25, 157
at —0.37 and the 22,45-adduct at0.52 V (76:24) should (5) Bellavia-Lund, C.; Wudl, FJ. Am. Chem. Sod.997, 119, 943.
correspond to the ratio of isomers shown by the ratios of (6) Bellavia-Lund, C.; Wudl, FJ. Am. Chem. S0d.997, 119, 9937.
integrated intensities given in Table 1. The ratio of peak currents ___(7) Sawamura, M.; likura, H.; Nakamura, & Am. Chem. S0d.996

. 118 12850.
for the process at0.37 and—0.52 V agrees well with théH (8) Sawamura, M.; likura, H.; Hirai, A.; Nakamura, E.Am. Chem.
NMR combined intensity ratio (68:23) of the two AB quartets Soc.1998 120, 8285.
(22,41- and 22,25-isomers) and the singlet (22j4bmer), thus 9889) Balch, A. L; Catalano, V. J.; Lee, J. \ihorg. Chem.1991, 30,

suggesting these assignments as indicated in Table 3. (10) Balch, A. L; Catalano, V. J.; Lee, J. W.: Olmstead, M. M.: Parkin,
The Ey/, values for the first two reductions of the smaller S. R.J. Am. Chem. S0d.991, 113 8953.

isomeric fraction £0.52 and—0.94 V) differ fromEy, values S (lig)g"]"a‘ll‘/lkén%%’v'-; Loren, S.; Meyer, A.;; Nunlist, B. Am. Chem.
. . . OC. .
for the first two reductions of the major §8sCHz):Cro (12) Hawkins, J. M.; Meyer, A.; Solow, M. Al. Am. Chem. S0993

component £0.37 and—0.84 V) (see Figure 5 and Table 3), 115 7499.
but this may be consistent with the fact that the minor and major ~ (13) Henderson, C. C.; Cahill, P. Aciencel993 259, 1885.

; ; it (14) Henderson, C. C.; Rohlfing, C. M.; Gillen, K. T.; Cahill, P. A.
fractions of (GHsCH,).C7o have different types of addition Sciencel994 264 397,

patterns. (15) Bergosh, R. G.; Meier, M. S.; Cooke, J. A. L.; Spielmann, H. P.;
Vis—Near-IR Spectra of (CeHsCH2),C7o~. The anions of =~ Weedon, B. RJ. Org. Chem1997 62, 7667.

S e g : - (16) Spielmann, H. P.; Wang, G.-W.; Meier, M. S.; Weedon, BJR.
Cso and Go both exhibit distinctive absorption bands in the Org. Chem.1998 63, 9865.

visible and near-IR regior¥:3% Anions of RCgo derivatives (17) Meier, M. S.; Poplawska, M. Org. Chem1993 58, 4524.

also show near-IR spectral features, and a similar result is (18) Meier,M.S.; Poplar\:vska,M.;Compton,A. L.; Shaw, J. P.; Selegue,
; i _ J. P.; Guarr, T. FJ. Am. Chem. S0d.993 116, 7044.

expected for the an.lon.s Of?B.m' Howevel.” n_o visnear-IR d.ata (19) Taylor, R.J. Chem. Soc., Perkin Trans.1®93 813.

of any 1,4-RCyo derivative in its monoanionic form are available (20) (a) Kadish, K. M.; Gao, X.: Van Caemelbecke, E.; Hirasaka, T.;

in the literature. Figure 6 shows the visible and near-IR spectra Suenobu, T.; Fukuzumi, S. Phys. Chem. A998 102, 3898; (b) Kadish,



Characterization of (§HsCH,)2C7o

K. M.; Gao, X.; Van Caemelbecke, E.; Suenobu, T.; Fukuzumi, 8hys.
Chem. Ain press.

(21) Fukuzumi, S.; Suenobu, T.; Hirasaka, T.; Arakawa, R.; Kadish, K.
M. J. Am. Chem. S0d.998 120, 9220.

(22) Fukuzumi, S.; Suenobu, T.; Patz, M.; Hirasaka, T.; ltoh, S.;
Fujitsuka, M.; Ito, O.J. Am. Chem. S0d.998 120, 8060.

(23) Fukuzumi, S.; Suenobu, T.; Hirasaka, T.; Sakurada, N.; Arakawa,
R.; Fujitsuka, M.; Ito, OJ. Phys. Chem. A999 103 5935.

(24) Anne, A.Heterocyclesl992 34, 2331.

(25) Takada, N.; Itoh, S.; Fukuzumi, Shem. Lett1996 1103.

(26) Stewart, J. J. Rl. Comput. Cheml989 10, 209, 221.

(27) Sanders, J. K. M.; Hunter, B. KModern NMR Spectroscopy
Oxford University Press: Oxford, 1986; pp 26902.

(28) Richards, S. ALaboratory Guide to Proton NMR Spectroscopy
Blackwell Scientific Publications: Oxford, 1988; pp 822.

(29) Silverstein, R. M.; Webster, F. >Spectrometric Identification of
Organic Compoundslohn Wiley & Sons, Inc.: New York, 1997; p 212.

J. Phys. Chem. A, Vol. 104, No. 13, 2002907

(30) Karfunkel, H. R.; Hirsh, AAngew. Chem., Int. Ed. Engl992
31, 1468.

(31) The heat of formation of the 1,2-adduct, 23,24HECH,)2Cro (AHs
= 1110.5 kcal mot?) calculated by the PM3 method is significantly higher
than that of the 1,4-adduct, 22,426tGCH;)2C7o (AHr = 897.9 kcal mot?).

A comparison ofAH; values for all possible isomers could not be made,
since the convergence has not been attained for the calculations of many
isomers.

(32) Canhill, P. A.; Alam, T. Private communication.

(33) Smart, C. J.; DeRosa, N. Recent Adances in the Chemistry and
Physics of Fullerenes and Related Materjdfadish, K. M., Ruoff, R. S.,
Eds.; The Electrochemical Society, Inc.: Pennington, NJ, 1998; Vol. 6, p
1160.

(34) Lawson, D. R.; Feldheim, D. L.; Foss, C. A.; Dorhout, P. K.; Elliott,
C. M.; Martin, C. R.; Parkinson, B]. Phys. Chem1992 96, 7175.

(35) Baumgarten, M .; Gherghel, Bppl. Magn. Resorll996 11, 171.



