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Synthesis of two pentaarylated [ 60 |fullerene derivatives ArsCg-
H (Ar = p-MeC¢H,, m-MeC¢H,) and their novel electrochemi-
cal properties
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Through one pot reaction of Cg with organocopper/magne-
sium reagent ( p - MeCs H, ), CuMgBr or ( m - MeC¢ H, ) -
CuMgBr prepared from CuBr-Me,S and p-MeCsH,MgBr or
m-MeCsH,MgBr and subsequent quenching with aqueous
NH,Cl, two pentaarylated [ 60 ] fullerene derivatives ( p-
MeCgH,)sCeH (1) and (m-MeCgH,)sCoH (2) have been
synthesized ‘in 94% and 96% yields, respectively. While
known compound 1 prepared via this improved method is un-
ambiguously identified, new compound 2 is fully characterized
by elemental analysis, IR, UV-vis, 'H NMR and *C NMR
spectroscopies. Additionally, electrochemical study shows that
the two [60] fullerene derivatives 1 and 2 in dichloromethane
solution display two sequential one-electron reductions which
are shifted by about 0.4 V towards more negative potential
values with respect to free Cg. Such remarkable cathodic
shift is attributed to the multiple breakage of the double-bond
conjugation within the fullerene core.

Keywords [60] Fullerene, pentaarylated derivatives, synthe-
sis, electrochemical properties

Introduction

The pentaarylated [60] fullerene derivatives with a
general formula ArsCeH ( Ar = aromatic groups) have
currently attracted great attention, because of their u-
nique structures, novel properties and important uses in
preparation of an entirely new class of cyclopentadienyl
metal complexes.” For preparation of ArsCeq H, two
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synthetic routes starting from Cg, have been so far re-
ported. One is multistep synthesis'*? and the other is one
pot synthesis.> For example, pentaphenyl[ 60 ] fullerene
compound PhsCeH (3) can be prepared via either three
steps of chlorination of Cgy, arylation of CgCls and re-
duction of PhsCeyCl!*? or through one pot reaction of Cg
with organocopper/magnesium reagent Ph,CuMgBr fol-
lowed by quenching with aqueous NH,Cl.? Apparently,
except high yields the one pot synthesis is more conve-
nient and less costly than the multistep synthesis in
preparation of [ 60 Jfullerene derivatives. However, up to
nowamong the derivatives of type Ars Cgo H , only Phs Cgp -
H has been reported to be prepared by one pot synthe-
sis. This paper will describe the applicability of the one
pot synthesis for preparation of other ArsCeH deriva-
tives, such as ( p-MeCgHy)sCe H (1) and ( m-
MeCgH,)sCsoH (2), as well as a comparative study of
the electrochemical properties of 1, 2 and Cg itself.

Results and discussion
Synthesis and characterization of 1 and 2

It was found that the one pot reaction of Cg with an
excess amount of organocopper/magnesium reagent pre-

pared from an equimolar p-MeCsHsMgBr or m-
MeCgHsMgBr and CuBr* SMe, in a mixed solvent from
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=18C to 1t, followed by quenching with aqueous NH,Cl
afforded two corresponding pentaarylated [ 60 ]-fullerene
derivatives ( p-MeCH,)sCoH (1) in 94% yield and
(m-MeCgH,)sCeoH (2) in 96% yield, respectively. It
is worth noting that although derivative 1 was previously
prepared by a multistep procedure,’’? the yield is much
lower (51% on the basis of Cg) than that (94% ) ob-
tained by this one pot synthesis. In addition, the at-
tempted preparations of (0-MeCsHy)5CeoH and (o, p,
0-Me3CgH, )sCeoH via one pot synthesis have proved to
be unsuccessful, possibly due to the steric hindrance
arising from the o-methyl groups in corresponding
organocopper/ magnesium reagents. 1 and 2 are orange

or orange-red, air-stable crystals, which do not melt
even heated up to 350°C in nitrogen. 1 is less soluble
than 2 in common organic solvents, such as toluene,
THF and dichloromethane and the solubility of 1 in
toluene increases remarkably as the temperature rises.
The structure of known derivative 1 (Fig. 1) was i-
dentified by comparison of its combustion analysis, IR,
UV-vis and 'H NMR spectra with corresponding those
reported in the previous literature.? The structure of new
derivative 2 (Fig. 1) was characterized by elemental
analysis, IR, UV-vis, '"H NMR and *C NMR spectro-

scopies.

Fig. 1 Structures of 1 and 2.

The IR spectrum of 2, similar to that of 1,2 shows
both aromatic and aliphatic C—H stretching vibrations
for its m-tolyl groups at 3021, 2948, 2916 and 2857
em!, whereas it displays its aromatic C—C stretching
vibrations for its m-tolyl groups at 1605, 1587, 1485
and 1459 cm™. In addition, the IR spectrum of 2 ex-
hibits four absorption bands at 1418, 1172, 587 and
544 em?, characteristic of the C—C stretching vibra-
tions of its Cgy cage.>® The UV-vis spectra of 1,2 and
free Cqp are shown in Fig. 2. As seen from Fig. 2, the
spectrum of 2 is almost identical with that of 1, except
1—>5 nm shift for their absorption bands. In addition,
while the first band at 230 nm for free Cg is much
weaker than its second band at 257 nm, the first band at
236 nm for 1 and at 231 nm for 2 are stronger than their
second bands at 259 nm for 1 and at 258 nm for 2. This
is most likely due to some overlap of those two bands at
around 230 nm generated from the Cq; cage and the aro-
matic tolyl groups in derivatives 1 and 2.%7 The 'H

NMR spectrum of 2 shows one multiplet in the range of &
7.08—7.50, which can be assigned to twenty protons
on the five benzene rings a—e. Since the multiplet is
much more complicated than corresponding that dis-
played by 1,2 it cannot be clearly assigned to specific
protons on these benzene rings. In addition, the 'H
NMR spectrum of 2 displays one singlet at § 2.02, one
singlet at 3 2.06, one singlet at 8 2.18 and one singlet
at 8 5.27. Similar to the assignments in 1, these sin-
glets might be assigned to one m-Me group in ring a,
two m-Me groups in rings d, e, two m-Me groups in
rings b, ¢ and the hydrogen bonded to C-2 respectively.
It is noteworthy that the chemical shifts of m-Me groups
in 2 lie in higher field than those of p-Me groups in 1.2
This is probably because that the Cg core is electron-
withdrawing group and thus the p-Me groups are more
deshielded than m-Me groups. Furthermore, the chemi-
cal shift of he hydrogen boned to C-2 in parent com-
pound PhsCeoH (3) (8 5.31)*3 is greater than that in
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Fig. 2 UV-vis spectra of 1,2 and Cg in dichloromethane at room temperature.
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Fig. 3 Original *C NMR spectrum of 2 and its expanded *C NMR spectrum.



398 [60]fullerene

SONG, LIU & HU

(m-MeCgH,)sCeH (2) and in turn greater than that in
(p-MeCgH,)sCqH (1) . This is apparently that both
p-Me and m-Me are electron-releasing groups and the
p-Me groups in 1 render Cg) core more electronegative
than m-Me groups in 2.

The original ®C NMR spectrum of 2 and its ex-
panded one, namely (a) and (b), are shown in Fig.
3. While from spectrum (a) some *C NMR signals,
particularly those of signals for Cg, core, cannot be obvi-
ously seen, spectrum (b) shows each of the *C NMR
signals of 2 clearly. In sp’ region there are three peaks
at 021.04, 21.13 and 21.26 in a 1:2:2 intensity ratio
assigned to three types of m-Me groups of five tolyl sub-
stituents , whereas anotherthree peeksat558 .91,61.01
and 63.02 in a 1:1:1 intensity ratio attributed to C-1/
C-2, C-4/C-11, and C-15/C-30 of Cg moiety, respec-
tively. Although C-1 and C-2 in 2 appear to be some-
what different, they actually show one peak at & 58.91,
whereas corresponding those in its p-Me analog ( p-
MeCsH,)sCeoH (1) exhibited two very close peaks at &
58.5 and 8 58.6° and those in its parent compound
PhsCeoH (3) displayed two very close peaks at & 58.31
and & 58.42," respectively. Since 2 is C, symmetric,
the Cg cage should have 32 different C and the five m-
tolyl substituents should have 21 different C, thus dis-
playing 32 peaks and 21 peaks, respectively. Except
the 3 peaks arising from m-Me groups of tolyl sub-
stituents and 4 peaks (two peaks from C-1 and C-2
overlapped) arising from the Cg cage mentioned above,
there should be 18 peaks for five benzene rings of the
tolyl substituents and 28 peaks for the Cg) cage. In fact,
in the *C NMR spectrum of 2 there are only 15 peaks
for the benzene rings and 27 peaks for the remaining Cg,
cage. This is because that in the sp’ region the benzene
rings show one peak at 8 125.07 and another peak at &
129. 02 respectively in double and triple intensities,
whereas in the sp® region the Cg, core displays one peak
at 0 148.63 in double intensity of the others.

Electrochemistry of 1 and 2

Fig. 4 compares the cyclic voltammetric response
of ( p-MeCgH; )sCoH (1) with that of Cg in
dichloromethane at - 10°C .

It is well evident that the sequential one-electron

reductions of the fullerene moiety in the p-tolyl deriva-
tive are shifted by about 0.4 V towards more negative
potential values with respect to free Cgy, so that only the
two first cathodic steps are clearly detected; a third, ir-
reversible step (not shownin the figure) is present very
close to the solvent discharge (E,~ ~2.05 V). Anal-

05 e =T 20

Fig. 4  Comparison of the cyclic voltammetric response
recorded at a platinum electrode in CH,Cl, solu-
tions containing [ NBug ] [ PFg] (0. 2mol/L) and
(a) Cg (saturated solution); (b) ( p-
MeCsH,)sCqoH (1) (7 x 10* mol/L). Scan rate
0.2V/s, T= -10C.
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EN)

Fig. 5 Differential pulse voltammograms recorded at a plat-
inum electrode in CH, Cl, solution containing [ NBug ]-
[PFs] (0.2 mol/L) and (p-MeCgH,)sCeoH (1) (7
x 10*mol /L) . Scanrate 0.004V/s,(a)T =
-10C; (b) +20C.
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ysis® of the cyclic voltammetric responses of the two se-
quential reductions with scan rate varying from 0.02 V/
s to 2 V/s as well as controlled potential coulometry in
correspondence of the first reduction (E,= —1.2V) is
diagnostic of chemically and electrochemically re-
versible, one-electron transfers. As expected, such a
behaviour is quite similar to that found for its parent
compound PhsCeoH (3), in tetrahydrofuran solution at
-78C.*

As far as the electronic effects responsible for such
remarkable shifts are concemed, it is well conceivable
that they mainly depend upon the extended breakage of
the double bond conjugation, rather than upon the in-
ductive effects of the substituents. As a matter of fact,
either the simplest CgyH,” or CeoHBu-¢'" both display a
cathodic shift of about 0.15 V.

In contrast to PhsCeH (3), which after the first
one-electron reduction at room temperature quickly de-
protonates to PhsCe free radical species,* the present
pentatolylfullerene does not undergo such fast conversion
in cyclic voltammetry at room temperature, even if really
the second reduction becomes complicated by chemical
reactions (ipa/ipc =0.4at 0.2 V/s). As a matter of
fact, the differential pulse voltammograms illustrated in
Fig. 5 show that such a conversion partially takes place
also in the present case, in that at very slow scan rates
two new peaks appear at —1.30 Vand -1.65V, re-
spectively.

Essentially the same behaviour is exhibited by (m-
MeCsH,)sCoH (2), and the electrochemical data are
compiled in Table 1.

Table 1 Formal electrode potentials (in V,vs. SCE) and peak-to-peak separations (mV) for the redox changes exhibited
by the present pentatolylfullerenes and related species, in dichloromethane solution, at — 10°C. Values in paren-

thesis are referred to the Fe/Fc* couple

Compound Eopi - AE? Ei_ - AE: E;_ - AES
Ceo -0.63 (-1.01) 59 ~1.00 (-1.38) 60 -1.45 (-1.83) 64
1 -1.04 (-1.42) 66 -1.48 (-1.86) 64 -2.05>  (-2.43) —
2 -1.02 (-1.40) 70 -1.48 (-1.86) 78 -2.05>  (-2.43) —
3 (-1.45)° — (-2.10)¢ —
CooHy (=-1.11)¢ — (-1.48)¢ — (-1.99)¢ —
CqHBu* (-1.01)° (-1.57)° — (-2.18)¢ —

® Measured at 0.2 V/s; "very close to the solvent discharge; °from Ref. 4, measured at — 78°C, in THF solution; %from Ref.
9, at room temperature; © from Ref. 10, measured in THF solution at room temperature .

Experimental

All reactions were carried out under a highly-puri-
fied nitrogen atmosphere using standard Schlenk or vacu-
umrline techniques. Silica gel (200—300 mesh) for
column chromatography (20 x 3 cm) was activated for 4
h at 110°C. Toluene and tetrahydrofuran were dried and
deoxygenated by distillation from sodium/benzophenone
ketyl. Methyl sulfide was dried over anhydrous calcium
chloride and distilled. All solvents were bubbled with
nitrogen for at least 15 min before use. [ 60 ] fullerene
(>99.9%) was purchased from Yin-Han Fullerene
High-Tech. Co., Ltd. and used as received. Cuprous
bromide methylsulfide complex CuBr* Me,S was prepared
according to literature.!! Arylmagnesium bromides were
prepared from corresponding aryl bromides and magne-
sium tumings. Elemental analysis was performed using a

Yanaco CHN Corder MT-3 analyzer. The IR spectra
were recorded on either a Nicolet 170SX or a Nicolet 560
E.P. S. FTIR spectrophotometer, while the UV-vis
spectra were recorded on a Shimadzu UV-240 spectrome-
ter. The 'H and *C NMR spectra were determined on a
Bruker AC-P200 and a UNITY-PLUS 400 spectrometer,
respectively .

Preparation of (p-MeCgH,)sCeoH (1)

A 100 mL three-necked flask equipped with a mag-
netic stir-bar, a serum cap and a nitrogen inlet was
charged with CuBr* Me,S (249 mg, 1.21 mmol) dis-
solved in a mixture of Me,S (1.3 mL) and THF (1.6
mL). The solution was cooled to — 78°C, and then a
THF solution of p-MeCsHyMgBr (1.2 mmol) was drop-
wise added under stirring. During the period of time,
the colorless solution turned to a brownish suspension of
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organocopper/ magnesiumreagent ( p-MeCgH, ), CuMgBr.
To this suspension, Ce(56 mg, 78 pmol) and toluene
(20 mL) were added and then the mixture was stirred at
~78%C for about 0.5 h. When the mixture was allowed
to warm to room temperature, it was stirred for 14 h at
this temperature, and then quenched with aqueous
NH,CI and stirred violently for another 0.5 h. The or-
ganic layer was separated and dried with anhydrous Ca-
Cl,. Afier the solvent was removed under vacuum, the
residue was chromatographed on a silica gel column us-
ing 1:1 (V: V) toluene: petroleum ether as eluent. An
orange band was collected, from which ( p-MeC¢Hs)s5Ceo
H (1) was obtained (85 mg, 94% based on Cg) . The
product was further purified by recrystallization with
toluene to give tiny orange crystals, mp > 350°C. A,
(CH,CL) : 236(loge 5.11), 259(5.06), 352(4.51),
396(4.16) nm. vy, (KBr): 3022, 2949, 2919, 2859,
1509, 1458, 1410, 1284, 1234, 1187, 1113, 1020,
954, 905, 877, 834, 807, 757, 649, 583, 559, 537,
499, 471 em. 8y(CDCl): 2.27(s, 3H, CH; on ring
a), 2.37(s, 6H, CH; on rings b, ¢), 2.31(s, 6H,
CH; onringsd , ) ,5.22(s,1H, Cg-H) ,6.97—7.65
(m, 20H, CgH;). Anal. CysHzs. Caled: C, 96.98;
H,3.02. Found: C, 96.79; H, 3.35.

Preparation of (m-MeCsH;)sCeoH (2)

Similar to the preparative procedure of ( p-
MeCgH,;)sCqH (1) described above, the corresponding
organocopper/ magnesium reagent ( m-MeCgH,),CuMgBr
prepared from CuBr* SMe; (251 mg, 1.22 mmol) and
m-MeCgHyMgBr (1.2 mmol) was allowed to react with
Cep(54 mg, 75 pmol). The crude product was chro-
matographed on a silica gel column using 1:1 (V: V)
toluene : petroleum ether as eluent. An orange-red band
was collected, from which (m-MeCgH,)sCeoH (2) (85
mg, 96% based on Cg) was obtained. The product was
further purified by recrystallization from dichloromethane /
petroleum ether to give orange-red plates, mp>350°C.
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