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A reinvestigation of the reaction betweeg,C and benzyl bromide in benzonitrile containing 0.1 M
tetran-butylammonium perchlorate (TBAP) has shown that there are more reaction products than
previously reported. Use of a silica rather than a “Buckyclutcher I” column for HPLC purification led to
isolation of two previously unattained products in the reaction mixture, one of which was identified as
1,2-(PhCH).Cso by UV—vis and NMR . The earlier incorrectly assigned 1,2-(Ph)fgEk, was identified

as the methanofullerenesfEIPh by X-ray single-crystal diffraction. The electrochemistry of genuine
1,2-(PhCH).Cso shows that its first reduction potential in PhCN containing 0.1 M TBAP is cathodically
shifted by 100 mV with respect t&;, for reduction of 1,4-(PhChE).Cso, indicating that the addition
pattern significantly affects the electrochemistry of derivatizggl €isible and near-IR spectra of the
monoanion and dianion of 1,2-(Ph@kCso are also reported.

Introduction be compensated for by a decrease in steric hindrance when
sterically demanding groups are added with a 1,4-addition.

The synthesis of gg-based organic derivatives has attracted
great attention due to possible promising applications in the area
of materials, catalysis, and medical scient8sudies involving
hqditions to Go have also attracted much interest with respect
to designing desired dg derivatives for potential applications

Although there are theoretically 23 possible isomers for
addition of segregated addends og,Ederivatization of this
fullerene mainly results in two types of products: a 1,2-adduct
where addition occurs between two hexagons and a 1,4-addu
where addition occurs across a six-memberediltdpas been
well established that the 1,4-adduct is generally less favorable
than the 1,2-adduct since introduction of one double bond ina  (4) (a) Prato, MJ. Mater. Chem1997 7, 1097-1109. (b) Martm, N.;
pentagon of G will increase the energy of the 1,4-adduct by Sanchez, L.; lllescas, B.; Pez, I. Chem. Re. 1998 98, 2527-2548. (c)

about 8 kcal/mol with respect to that of the other additional $§shriﬁj?a§hlil’amée82&(l)i& 2"2& Uz?&’é%bs(a)TéﬁT&”rBa’MSf;zz?ﬁiﬁﬂmﬁ’- H.
1,3 i i ) & : » DoV, y P
product:* However, this unfavorable energy increase would Georgakilas, V.; Prato, MAcc. Chem. Re2005 38, 38-43. (¢) Hasobe.

T.; Imahori, H.; Kamat, P. V.; Ahn, T. K; Kim, S. K.; Kim, D.; Fujimoto,

 Chinese Academy of Sciences. A.; Hirakawa, T.; Fukuzumi, S1. Am. Chem. So005 127, 1216-1228.

* Peking University. (f) Friedman, S. H.; DeCamp, D. L.; Sijbesma, R. P.; Srdanov, G.; Wudl,

§ University of Houston. F.; Kenyon, G. LJ. Am. Chem. S04993 115 6506-6509. (g) Nakamura,

(1) Matsuzawa, N.; Dixon, D. A.; Fukunaga, J. Phys. Chem1992 E.; Isobe, HAcc. Chem. Re2003 36, 807—815. (h) Gharbi, N.; Pressac,
96, 7594-7604. M.; Hadchouel, M.; Szwarc, H.; Wilson, S. R.; MoussaNano Lett.2005

(2) (a) Diederich, F.; Thilgen, CGSciencel 996 271, 317—323. (b) Hirsch, 5, 2578-2585. (i) Zakharian, T. Y.; Seryshev, A.; Sitharaman, B.; Gilbert,
A. Top. Curr. Chem1999 199 1-65. B. E.; Knight, V.; Wilson, L. J.J. Am. Chem. SoQ005 127, 12508~

(3) Cahill, P. A.; Rohlfing, C. M.Tetrahedron1996 52, 5247-5256. 12509.
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SCHEME 1. Reaction of Gy Dianion with Benzyl Bromide 3
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of these derivatives. It has been shown thgg i electron
deficient and can reversibly accept multiple electrorihe : : : : : :
derivatives of Gy can also accept multiple electrons, but these 0 2 4 6 8 0 12 14 16
compounds are generally less electron deficient thandGe time (min)

to cleavage of ther-electron conjugation of § as evidenced

by a cathodic shift of the reduction potentiél.has also been ~ F/GURE 1. HPLC trace of the crude product eluted by a cyclohexane/
toluene mixture (70:30 v/v) on a semipreparative silica column at a

Sho,W”, t.hat the number and position of qddends wc@w have flow rate of 1.8 mL/min. Fractions 1, 2, 3, and 4 correspond to

a significant effect on the electrochemical properties of these compoundsl, 2, 3, and4.

organofullerene& Prato and co-workers have shown that the

reduction potentials of methanofullerene bis-adducts can differ (PhCH)2Ceo based on various spectral characterizations. As a

by as much as 140 mV among isom&tddowever, no such result, the four products purified using the silica column have

difference has been observed between the 1,2- and 1,4-isomerbeen characterized B4 NMR, *3C NMR, MALDI TOF MS,

of Ceo. UV —vis, and X-ray single-crystal diffraction and identified as
Reactions involving the & dianion and organic halides have methanofullerene HPh (1), 1,2-dihydrofullerene HPhCiTgo

been shown to be effective in preparing 1,2- and 1,4-adducts(2), 1,4-(PhCH)2Cso (3), and 1,2-(PhCH)2Ce (4) as shown in

of this fullerene’ For example, 1,4-dibenzylggwas reported Scheme 1. Notably, the half-wave potentials for reduction of

to be a major product in a reaction between?C and benzyl 1,2-(PhCH),Ceo are cathodically shifted by as much as 100

bromide. There was also a minor product identified in this mV with respect to those of 1,4-(PhG)ACeo. Herein, we report

reaction by HPLC using a “Buckyclutcher I” colunfhThe results upon reinvestigation of the electrosynthetic method along

minor product was assigned as 1,2-dibenzyy &nd showed  with a full characterization of genuine 1,2-(PhgCeo.

similar electrochemical behavior as 1,4-dibenzyd. €However,

we have now reinvestigated the reaction betweggt Cand Results and Discussion

benzyl bromide using a silica column for HPLC purification of . . .

the rgaction mixture,gand under these conditionps, we observed HPLC of the Reaction Mixture. Figure 1 shows an HPLC

two new products in addition to the two products found with :Laécziﬁighicﬁzurgﬁ F;fgxgt nglisa fsc')lr'cgqfg;um?ﬁothf?;ggis\ﬁr
the “Buckyclutcher I” column. Use of the silica column in P

purification shows that the previously reported 1,2-(PhR@Eko addition to Goand 1,4-(PhCh)zCeo (peak 3). This result differs

is actually [6,6]-methanofullerene,sEPh, as determined in Egn;koglr tFéLeevrlol'l’JScorleFr)r?rrlt Orfletrge tr:gag;’g 'Fs)(r)?gtlggsfr;s:%%sa
this study by X-ray single-crystal diffraction (see Supporting uckycid umn w n 1 ’

Information). A previously unobserved new minor fraction from \;\’Sesr% r'lcé%nféei gs(gﬂé&);gedﬁgg r:";?;jgrrofichj';&gc“y
: ; ; i _ 2" 60, 4= 60
HPLC was also isolated and is here identified as 1,2 product’® The difference between the two results is probably

(5) Xie, Q.: Perez-Cordero, E.. Echegoyen,JLAm. Chem. S0d992 related to the inherent property of the stationary phase used for
114 3978-3980. T ’ ' the two kinds of columns. Fractions 1 and 2 have been identified
(6) (@) Fagan, P. J.; Krusic, P. J.; Evans, D. H.; Lerke, S. A.; Johnston, as compoundd and 2, while fraction 3 is identified as 1,4-

E.J. Am. Chem. S04992 114, 9697-9699. (b) Boudon, C.; Gisselbrecht, i i i -
J.-P.; Gross, M.; Isaacs, L.; Anderson, H. L.; Faust, R.; DiedericHgk. (PhCH);Ceo, and fraction 4 is confirmed to be 1,2-(Phg}Ceo.

Chim. Actal995 78, 1334-1344. (c) Guldi, D. M.; Hungerthler, H.: The 1,2-_adduct _hgs a longer retention time than t_he_ 1,4-ao_|duct,
Asmus, K.-D.J. Phys. Chem1995 99, 9380-9385. (d) Echegoyen, L.; suggesting that it is a more polar molecule, and this is consistent
Echegoyen, L. EAcc. Chem. Resl998 31, 593-601. (e) Boudon, C.;  with a previous observation that the tetra-benzyl adduct bearing

Gisselbrecht, J. P.; Gross, M.; Herrmann, A.; Ruttimann, M.; Crassous, J.; o, . .
Cardullo, F.; Echegoyen. L.; Diederich, & Am. Chem. Sod998 120, a 1,2-addition has a longer retention time than the tetra-adduct

7860-7868. (f) Sherigara, B. S.; Kutner, W.; D'Souza,Hectroanalysis having only 1,4-additon$Since introduction of benzyl groups
2003 15, 753-772. (g) Carano, M.; Da Ros, T.; Fanti, M.; Kordatos, K.;  to Cgp increases the polarity of the derivatives, it is thus

Marcaccio, M.; Paolucci, F.; Prato, M.; Roffia, S.; Zerbetta) FAm. Chem. _ ;
S00.2003 125 7139-7144. reasonable to suppose that the 1,2-adduct is a more polar

(7) (a) Caron, C.; Subramanian, R.; D'Souza, F.; Kim, J.; Kunter, W.; molecule than the 1,4-adduct because the benzyls are positioned
Jones, M. T.; Kadish, K. MJ. Am. Chem. S04993 115 8505-8506. (b) more closely to each other. Formation of methanofullerene

G SN T SO0 O G e i (1
Y.: Echegoyen, LChem. Comn1996 1547-1548. (d) Allard, E.: Riviee, product was unexpected. The methanofullerengHEh (1)

L.; Delaunay, J.; Dubois, D.; Cousseau,Tétrahedron. Lett1999 40, probably derives from a reaction intermediate gb@H,Ph~
7223-7226. () Kadish, K. M.; Gao, X.; Van Caemelbecke, E.; Suenobu, which is formed during reaction of &~ with PhCHBr.°

T.; Fukuzumi, SJ. Phys. Chem. R00Q 104, 3878-3883. (f) Allard, E.; ; ; : A
Delaunay, J.: Cheng, .- Cousseau, J.- @edu.: Gan, J.0rg, Lett. 2001 Previous studies have shown that reactions betwggdi@hion

3, 3503-3506. (g) Cheng, F.; Murata, Y.; Komatsu, rg. Lett.2002 4,
2541-2544. (h) Kadish, K. M.; Gao, X.; Van Caemelbecke, E.; Hirasaka, (8) Kadish, K. M.; Gao, X.; Van Caemelbecke, E.; Suenobu, T.;
T.; Suenobu, T.; Fukuzumi, S. Phys. Chem. A998 102, 3898-3906. Fukuzumi, S.J. Am. Chem. So00Q 122, 563-570.
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FIGURE 2. UV-—uvisible spectrum of 1,2-(PhGHCso in hexane.

and organic halides are proceeded by formation ofR@ia

an electron-transfer mechanism, followed by formation £243

or R(R)Cgo via an %2 mechanisni. After formation of
CsoCHoPH™, a hydride transfer from &CH,Ph™ to PhCHBr
might occur to afford HPh (1) and PhCH (and Br). It is
also possible that the methanofullerengtPh (1) might come
from a reaction involving &?  and trace amount oft,o-
dibromotoluene present in benzyl bromide as an impurity, as
evidenced by GC-MS analysis of the commercially obtained
benzyl bromide. Products with structures similal @and2 have
also been observed from reactions involving thg @ianion
and halogenated ketones or estérs.

UV —vis Spectrum of 1,2-(PhCH),Ceo. Unlike CsiHPh (1),
which has a pink color in a mixture of hexanes/toluene, 1,2-
(PhCHy)2Ceo exhibits a yellow color under the same solution
conditions. The UV-vis spectrum of 1,2-(PhCiCep in hexane
is shown in Figure 2 and characterized by two strong absorption
bands at 210 and 255 nm. Similar absorptions are observed fo
Cso and GiHPh (). A sharp absorption band at around 330
nm in Gy is split into two broad bands at 307 and 329 nm in
the spectrum of 1,2-(PhCGhCso. This compound also displays
a spike at 432 nm, which is characteristic fogo@erivatives
where addition has occurred at the [6,6]-double bBnslig-
gesting that the present compound is a 1,2-adduct.

NMR of 1,2-(PhCH,),Cso. In the'H NMR spectrum of 1,2-
(PhCH),Ceo (see Supporting Information) the methylene pro-
tons are characterized by a singlet resonance at 5.03 ppm an
resonances corresponding to the phenyl protons are observe
at 7.5-7.2 ppm, part of which overlap with the resonance of
CHCls. In addition, the ratio of the peak area of the methylene
protons to that of the phenyl protons is 2:5, consistent with the
addends added tog being benzyl groups. ThéH NMR
spectrum indicates a high symmetry for the molecule, and
assignment of the isolated product as 1,2-(PH&Eo is
reasonable since it has,, symmetry. Although @HPh 1,
which was previously misassigned as 1,2-(PhzEo, also

(9) (a) Subramanian, R.; Kadish, K. M.; Vijayashree, M. N.; Gao, X.;
Jones, M. T.; Miller, D. M.; Krause, K.; Suenobu, T.; FukuzumiJSPhys.
Chem.1996 100, 16327-16335. (b) Fukuzumi, S.; Suenobu, T.; Hirasaka,
T.; Arakawa, R.; Kadish, K. MJ. Am. Chem. S04998 120, 9220-9227.

(10) Allard, E.; Delaunay, J.; Cousseau,Qkg. Lett. 2003 5, 2239~
2242.

(11) Smith, A. B., llI; Strongin, R. M.; Brard, L.; Furst, G. T.; Romanow,
W. J.; Owens, K. G.; Goldschmidt, R. J.; King, R. £.Am. Chem. Soc.
1995 117, 5492-5502.
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FIGURE 3. 13C NMR spectrum of 1,2-(PhC#Cso in CS,/CDCl; for
the region of (a) shbcarbons and (b) $garbons.

shows a'H NMR spectrum which satisfies the symmetry of
the molecule, the ratio of the peak area for the methylene protons
to that of the phenyl protons is only 1:5 (see Supporting
Information), indicating that the addend bonded tgy &
CHGsHs, consistent with formation of the methanofullerene
CeiHPh (). Formation of 1 and its structure are further
confirmed by an X-ray single-crystal diffraction study (see
Supporting Information).

Figure 3 shows thé3C NMR of 1,2-(PhCH),Cgo in CS/
CDCl;. Two lines are seen in the region of the® garbons.
One resonance at 46.0 ppm is for the two methylene
carbonsP€92.12and the other at 67.5 ppm is for the two3sp
carbons of the g.7¢9213s for resonances of the $parbons,

a total of 19 lines are observed, four of which are assigned to
the phenyl carbons and located at 127.2, 128.0, 132.2, and 136.8
ppm, similar to what was reported in a previous paféihe
remaining 15 lines from 134.4 to 155.6 ppm are assigned to
sp? carbons for the g of 1,2-(PhCH),Cgo. This result is in
ragreement with the theoretically predicted 16 resonances for a
1,2-adduct of G with Cy, symmetry, and the appearance of
15 lines is due to a coincidental overlapping of thg €rbons

at 145.2 ppm.

Electrochemistry. Figure 4 shows a cyclic voltammogram
of the isolated 1,2-(PhChhCso in PhCN containing 0.1 M
TBAP. The compound exhibits three well-defined reversible
one-electron reductions within the cathodic potential limit of
the solvent withE;, values of—0.62,—1.04, and—1.57 V vs

CE. Itis expected that 1,2-(Ph@kCso should be less electron
geficient and more difficult to reduce thangdC but it is

urprising to note that the reduction potentials of 1,2-
(PhCH,),Cep are cathodically shifted by 100, 30, and 50 mV,
respectively, with respect to the reduction potentials of genuine
1,4-(PhCH),Cgo (E12 = —0.52,—1.01, and—1.52 V vs SCE
measured in this work). It was reported that the reduction
potentials of Gp derivatives are cathodically shifted by ap-
proximately 100 mV when two addends are bondeddgilCa

(12) (a) Wang, Z.; Meier, M. SJ. Org. Chem2003 68, 3043~
3048. (b) Lee, Y.; Kitagawa, T.; Komatsu, K. Org. Chem.2004 69,
263-269.

(13) (a) Meier, M. S.; Bergosh, R. G.; Gallagher, M. E.; Spielmann, H.
P.; Wang, ZJ. Org. Chem2002 67, 5946-5952. (b) Ford, W. T.; Nishioka,
T.; Qiu, F.; D’'Souza, F.; Choi, J.-p.; Kutner, W.; Noworyta, K. Org.
Chem.1999 64, 6257-6262. (c) Ford, W. T.; Nishioka, T.; Qiu, F.;
D’'Souza, F.; Choi, J.-pJ. Org. Chem200Q 65, 5780-5784. (d) Wang,
G. W.; Murata, Y.; Komatsu, K.; Wan, T. S. MCchem. Commuril996
2059-2060. (e) Chen, Z.-X.; Wang, G. W. Org. Chem2005 70, 2380~
2383.
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FIGURE 4. Cyclic voltammogram of 1,2-(PhCHiCso in PhCN 500 660 760 860 960 10'00 11'00 12'00 13'00
containing 0.1 M TBAP. Wavelength (nm)
07
1,4-addition patterd® and it was earlier unexpected that ] ®)
changing the bonding sites from a 1,4- to a 1,2-position could ¢ |
also cause the same potential shift. Previous results on the
electrochemistry of a mixture of 1,2- and 1,4-(§#Cso have c 05
shown that the two isomers are reduced at identical potentialsg
of —0.58,—1.00, and—1.55 V vs SCFE2 indicating that the g
type of addends may also play a role in causing the electro- & %41
chemical difference for the 1,2- and 1,4-isomers. However, this < 868
is the first time that such a large difference in potentials has 0.3
been observed between the 1,2- and 1,4-isomers ofpa C
diadduct. A smaller difference was reported for the tetra-benzyl 0.2
adducts of 1,4,10,24-(PhG}Ceo (E12= —0.69,—1.12,—1.88
V vs SCE) and 1,2,4,15-(PhG}4Cso (E12 = —0.74, —1.15, 01+
—1.85 V vs SCE), where the isomer bearing a 1,2-adduct is
also generally more difficult to reduce than the isomer which 500 600 700 800 900 1000 1100 1200 1300
bears only 1,4-addition productsThe smaller difference in Wavelength (nm)

potentials between the first reductions of the two isomers (50
mV) is probably due to the fact that only one-half of the addition
patterns are different in the two tetra-adduct isomers (two 1,4-
additions for 1,4,10,24-(PhCGhCso and one 1,2-addition and
one 1,4-addition for 1,2,4,15-(PhGlCs0). This result suggests

FIGURE 5. Visible and near-IR spectra of (a) [1,2-(Phg#Csq —*

and (b) [1,2-(PhCk),Csi]?~ generated electrochemically with a con-
trolled potential of—0.70 and—1.20 V vs SCE, respectively, in DMF
containing 0.1 M TBAP. The lamp was changed at 860 nm as indicated
by an arrow.

that the 1,2-adduct is less electron deficient than the 1,4-adduct

when there is no substituent effect, and this is probably related and 905 nm. The results in the current study are therefore in
to differences in the electronic structure of the two isomers, agreement with the previous literature on the visible and near-
where a [5,6]-double bond is introduced into the 1,4-isomer. |R absorptions for monoanions and dianions of thg G2-

Visible and Near-IR Spectra of Singly and Doubly
Reduced 1,2-(PhCH),Ceo. It was earlier shown that the mono-
and dianions of the 1,2-adduct ofs{Cpossess characteristic
absorption bands in the visible and near-IR regiH.Figure
5 shows the visible and near-IR spectra of [1,2-(PB@Eso] —*
and [1,2-(PhCH),Cqg)?>~ generated electrochemically in DMF
by application of a controlled potential 6f0.70 and—1.20 V
vs SCE, respectively. The singly reduced [1,2-(Phfa€kg] —*
exhibits a strong absorption band at 1000 nm, while doubly
reduced [1,2-(PhCh),Cso]?~ displays a strong absorption at
868 nm. The monoanions of 1,24-Bu)Cqo,"¢ 1,2-(CHs)3Cs0, ™
(0-xylyl)Ce0,1* and GaHPh17¢ (which was incorrectly assigned
as 1,2-(GHsCH,).Cgo previously) have visible and near-IR
absorption bands at 995, 997, 1006, and 1030 nm, while the

adductg’e14

Conclusions

The electrosynthesis, isolation, and characterization of reac-
tion products betweengg®~ and benzyl bromide in PhCN have
been reinvestigated and indicate that purification of the product
mixture with a silica column not only leads to better HPLC
separation than with a “Buckyclutcher I” column but also affords
two additional minor products not obtained under the same
experimental conditions. The previously assigned 1,2-(B)Chkd
is now correctly characterized as the methanofulleregklRh
(1) by X-ray single-crystal diffraction while a new previously
unobserved minor product is identified as genuine 1,2-

corresponding dianions have absorption bands at 880, 874, 868(PhCH,).Ceo based on its UV-vis and NMR spectra. The first

(14) Kadish, K. M.; Boulas, P. L.; Vijayashree, M. N.; Subramanian,
R.; Gao, X.; Mead, S.; Tan, Z.; Jones, M. T. Recent Adances in the
Chemistry and Physics of Fullerene and Related Materiglsoff, R. S.,
Kadish, K. M., Eds.; The Electrochemical Society: Pennington, NJ, 1995;
Vol. 2, pp 213-228.

reduction potential of 1,2-(PhG#Cso in PhCN containing 0.1

M TBAP is cathodically shifted by 100 mV with respect to
Ey/, for reduction of 1,4-(PhCh).Cso, thus indicating that 1,2-
(PhCH,),Cq is less electron deficient than 1,4-(Ph§#Cso.
These results indicate there is a significant effect of addition

J. Org. ChemVol. 72, No. 7, 2007 2541
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patterns on the electrochemistry og¢Qerivatives. This is techniques using the SHELXL-97 program within WINGX. Crystal
probably due to introduction of a [5,6]-double bond in the 1,4- data 0f1:C0'OEPCeHs: CiodHs6CONs, My, = 1480.51, triclinic,
addition, suggesting that a [5,6]-double bond is more electron Space groufP-1, a = 14.0652(12) Ab = 14.3088(12) Ac =
deficient than a [6,6]-double bond. The monoanion and dianion (127);44{539_(135%0@%(;%-1259(271Dﬂ = 7_5-15igg(;(/)2,rﬁ7 ;_766137286-
of 1,2-(PhCH),Cg are also characterized by visible and near- L ; 21870 K. cr_stél ;"ch_o 36¢ 0.16 ><”012 i
IR spgctroscopy. The“ ov.era’lll results of.our C””e'.“ study are reflec’tions colleéte)d i8 110, independent reflections 11 'R},%’ (
pott_enﬂally useful for “tuning” the reduction potentials o§C = 0.0343);R, = 0.0886 | > 20(1)], WR, = 0.2228 [ > 20(I)]; R,
derivatives. = 0.1245, wR = 0.2552 for all data; GOF (0f? = 1.029.
1,2-Dihydrofullerene HPhCH,Cq (2). UV —vis (hexanelmax
209, 255, 306, 325, 431 nriH NMR (600 MHz, C$/CDCls) 6
7.82 (d, 2H), 7.54 (t, 2H), 7.45 (t, 1H), 6.65 (s, 1H), 4.78 (s, 2H).
13C NMR (150 MHz, C$/CDCly) 6 155.1 (2C), 153.6 (2C), 147.3

Zheng et al.

Experimental Section

Synthesis and Isolation of 1,2-(PhCH),Cs. A 50 mg (69.4

mmol) amount of Gy was electroreduced in 50 mL of freshly
distilled PhCN solution containing 0.1 M TBAP at1.10 V vs (1€), 147.2 (1C), 1468 (2C), 146.3 (2C), 146.2 (2C), 146.2 (2C),

SCE under either a nitrogen or an argon atmosphere. The poten-146'1 (2C), 146.0 (2C), 145.6 (2C), 145.4 (2C), 145.3 (2C), 145.2
tiostat was switched off after electrogeneration of?C was (4C), 144.6 (2C), 144.4 (2C), 143.1 (2C), 142.4 (4C), 142.1 (2C),

complete, a 1650-fold excess of PhCiBr was then added to the
solution all at once, and the reaction was allowed to proceed for
40 min with stirring. The solvent was removed with a rotary

evaporator under vacuum, and the residue was washed with

methanol to remove TBAP. The crude product was purified by
HPLC with a semipreparative silica gel column using a mixture of
cyclohexane/toluene (70:30 v/v) as the eluent. The-Wig detector
was set att = 380 nm. Along with ca. 15% recoveredd-four
products were identified in the reaction mixture. These were
methanofullerene gHPh (1), 1,2-dihydrofullerene HPhCi&g (2),
1,4-(PhCH)»Ceo (3), and 1,2-(PhCH),Cqo (4) (see Scheme 1) with
an isolation yield of ca. 3%, 2%, 55%, and 3%, respectively. The
remainder of the reaction product was insoluble in toluene and
unidentified.

1,2-(PhCH,),Cgo (4). Positive MALDI HRMS m/z calcd for
M, 902.1096; found, 902.0722. FTIR (KBr)(cm1) 1428 (Go),
1181 (Gyo), 698 (Ph), 526 (&). UV—vis (hexanefmax 210, 255,
307, 329, 432 nm!H NMR (600 MHz, CS$/CDCl3) 6 7.50 (d,
4H), 7.30 (t, 4H), 7.23 (t, 2H), 5.03 (s, 4HFC NMR (150 MHz,
CS,/CDClg) 155.6 (4C), 147.5 (2C), 146.4 (4C), 146.3 (4C), 146.1
(4C), 145.9 (2C), 145.2 (8C), 144.5 (4C), 142.9 (2C), 142.5 (4C),
142.1 (4C), 141.6 (4C), 141.3 (4C), 138.3 (4C), 136.8 (2C), 134.3
(4C), 132.2 (4C), 128.0 (4C), 127.2 (2C), 67.5 (2C), 46.0 (2C).

Methanofullerene Cs;HPh (1). Negative MALDI MS m/z
calcd for M-, 810; found, 810. UV-vis (hexanelmax 210, 257,
327, 428 nm*H NMR (600 MHz, CS/CDCl3) 6 7.93 (d, 2H),
7.50 (t, 2H), 7.44 (t, 1H), 5.38 (s, 1H¥C NMR (150 MHz, C%/
CDCly) 6 149.3 (2C), 147.2 (2C), 145.3 (2C), 145.2 (1C), 145.2

141.9 (2C), 141.8 (2C), 141.8 (2C), 141.5 (2C), 141.4 (2C), 140.1
(2C), 139.8 (2C), 136.2 (2C), 135.9 (1C), 135.6 (2C), 131.3 (2C),
128.7 (2C), 127.7 (1C), 65.7 (1C), 59.0 (1C), 53.0 (1C). Data are
consistent with a previous report on the compothdhere the
structure of the compound was established by FAB M&and

13C NMR, UV—vis, and FTIR.

1,4-(PhCH,)-Cso (3). UV —vis (hexane)imax 209, 256, 329, 443
nm.'H NMR (600 MHz, CS/CDCls) 6 7.50 (d, 4H), 7.41 (t, 4H),
7.29 (t, 2H), 3.71 (quartet, 4H)3C NMR (150 MHz, CS/CDCl3)

0 157.6 (2C), 151.5 (2C), 148.4 (2C), 148.3 (2C), 146.9 (1C), 146.7
(2C), 146.6 (2C), 145.9 (2C), 145.3 (2C), 144.8 (2C), 144.6 (1C),
144.4 (2C), 144.4 (2C), 144.1 (2C), 144.0 (2C), 144.0 (2C), 143.8
(2C), 143.7 (2C), 143.5 (2C), 143.0 (2C), 142.9 (4C), 142.8 (2C),
142.4 (2C), 142.3 (1C), 142.2 (2C), 141.8 (2C), 141.8 (2C), 140.4
(1C), 138.5 (2C), 137.6 (2C), 135.9 (2C), 130.9 (4C), 128.3 (4C),
127.4 (2C), 60.2 (2C), 48.4 (2C). Data are consistent with previous
reports on the compoun@2where the structure of the compound
was resolved by X-ray single-crystal diffractié.

Spectroscopic Measurements of [1,2-(PhCHECesq] —* and [1,2-
(PhCH,)2Cgc]?~. The monoanion and dianion of 1,2-(Ph@#Cso
were generated electrochemically in DMF containing 0.1 M TBAP
by applying a reducing potential at0.70 and—1.20 V vs SCE,
respectively. The generated anionic species were transferred into
airtight quartz cuvettes under deaerated conditions. The near-IR
spectra of the monoanion and dianion of 1,2-(PhgEk, were
measured under argon at room temperature.
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