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Study of the chemical transformation of fullerene c 6 0  
is a widely expanding field of organic chemistry and has 
led to formation of various c60 derivatives.' However 
there has been no report on the acetylene derivative of 
c60, although such a compound could be a versatile 
precursor to a variety of new molecules. It should also 
be of interest to examine the electronic effects of the triple 
bond upon the redox behavior of the c60 core.2 We now 
report the preparation and properties of (trimethylsilyll- 
ethynyl- and phenylethynylfullerenes, the fist alkyne c60 
derivatives. 

I t  has been shown by Hirsch,Batb F a g a ~ ~ , ~ '  and co- 
workers that the reaction of c60 with various organo- 
lithium and Grignard reagents gives well-characterized 
monoadducts of c60 having various alkyl or phenyl 
 group^.^ Compared with these reagents, metal acetylides 
were anticipated to be much less reactive toward c60 due 
to their stability and low nucleophilicity. In fact, no 
reaction was observed when excess [(trimethylsilyl)- 
ethynylllithium (1) was added to a solution of c60 in 
toluene at  room temperature. However, the desired 
addition of 1 did occur in refluxing toluene. Thus, to a 
refluxing solution of c60 in toluene there was slowly 
added dropwise over 2 min 4 equiv of a THF solution of 
1 with vigorous stirring. The resulting black suspension, 
which contains the lithium salt 2 of ethynylated COO, was 
quenched with excess trifluoroacetic acid to give a dark 
brown solution. Chromatographic separation of the crude 
product afforded monoadduct 3 and bis-adduct 4, both 
as dark brown powders in 45 and 16% yield, respectively, 
while unchanged C ~ O  was recovered in 15% yield (Scheme 
1). The product yields were highly dependent on reaction 
conditions, particularly on exclusion of oxygen and 
moisture and the efficiency of stirring during the addi- 
tion. 
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Monoadduct 3 exhibited a lH NMR spectrum consisting 
of only two singlet signals at 6 7.01 and at  0.45, 
corresponding to the C60-H and trimethylsilyl protons, 
respectively. No signals for other regioisomers were 
observed. The 13C NMR spectrum of 3 exhibited signals 
for the acetylenic carbons (6 107.50 and 88.481, sp3 
carbons in the c60 core (6 62.06 and 55.441, and a 
silylmethyl carbon (6 -0.06), together with 28 signals for 
the sp2 carbons of the c60 core in the region between 6 
151.57 and 135.05. Assuming that two more signals are 
hidden by incidental overlapping, it is possible that this 
adduct has C, symmetry such as structure 3, which has 
the ethynyl group and hydrogen added across a 6,6- 
junction bond of the original c60. The 'H NMR chemical 
shift for the methine proton on the c 6 0  core (6 7.01) is 
considerably deshielded as compared with the corre- 
sponding signals in alkyl or phenyl derivatives (RCgoH), 
which are in the range of 6 6.04 (R = Me) to 6 6.81 (R = 
Ph).3b This is most probably ascribed to the deshielding 
effect of the triple bond attached in close proximity. 

The UV-vis spectrum of 3 showed a strong resemblance 
to the spectra of the c60 derivatives in which one of the 
6,6-junction bonds was saturated by addition r e a ~ t i o n s , ~ ~ , ~  
thus supporting the structure 3. 

In order to  further confirm the site of protonation of 
the first formed carbanion of ethynylated c60 (21, the 
charge density was estimated by the use of AM1 molecu- 
lar orbital calculations,6 exactly as has been done by 
Hirsch and co-workers for tert-butylfullerenyl carbanion.3a 
The carbon with the largest negative charge (-0.29) on 
the c60 surface, i.e., the most probable site of protonation, 
was found to be the one connected by a 6,6-bond to the 
ethynylated carbon as in the case of tert-butylfullerenyl 
~arbanion.~" The carbon with the second largest negative 
charge (-0.15) was shown to  be the one at the position 
para to the ethynylated carbon in the same six-membered 
ring. 

In order to examine the generality of the present 
method for ethynylation of c60, addition of phenylethy- 
nyllithium was conducted under similar reaction condi- 
tions to give the monoadduct, HC~O(C=CC~H~) (51, in 33% 
yield. The structural identification was made based on 
'H and 13C NMR as well as MS spectral data. 

Finally, the redox properties of the newly obtained 
ethynylfullerenes 3 and 5 were examined by the use of 
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0 "C for 0.5 h. To a vigorously stirred solution of c60 (36.3 mg, 
0.0504 mmol) in refluxing toluene (20 mL), was added a solution 
of 2 dropwise via syringe. After a total of 0.6 mL (0.22 mmol) 
of the solution of 2 was added over 2 min, a black suspension 
resulted. After cooling to rt, the mixture was treated with CF3- 
COzH (0.2 mL, 2.6 mmol) to give a dark brown solution, which 
was then evaporated under vacuum. The residual solid was 
extracted with toluene (10 mL x 31, and the crude product was 
separated by medium-pressure liquid chromatography on silica 
gel 60 (Merck) eluting with hexane. From the first fractions was 
obtained unchanged c60 (5.5 mg, 15%); TLC Rf 0.70. From the 
second fraction was isolated 3 (18.7 mg, 45%) as a dark brown 
powder: mp > 300 "C; TLC Rf0.53; 'H NMR (CDCl3-CSz (1:l)) 
6 7.01 (s, 1 H, CsOH), 0.45 (s, 9 H, SiCH3); 13C NMR (CSz-(CD& 
CO (4:l)) 6 151.57,151.26,147.52,147.25,146.70,146.35,146.31, 
146.16, 145.76, 145.63, 145.42, 145.38, 145.30, 144.65, 144.45, 
143.17, 143.00, 142.58, 142.54, 142.08, 142.01, 141.98, 141.81, 
141.64, 141.57, 140.31, 135.96, 135.05 (28 signals, sp2-carbons 
in the CSO core), 107.50 (CWSi), 88.48 (CICSi), 62.06 (CH in 
the c60 core), 55.44 (quaternary sp3-C in the c60 core), -0.06 
(SiCH3); W-vis (cyclohexane) A,, (log E) 213 nm (5.091, 256 
(5.04), 325 (4.541, 431 (3.581, 478sh (3.221, 543sh (2.981, 635 
(2.61), 668 (2.361, 689 (2.50), 701 (2.62); FAB MS mlz 818 (M+) 
and intense peak at 720 (c.50). Anal. Calcd for C65HloSi: c, 
95.34; H, 1.23. Found: C, 94.52; H, 1.36. 

The third fraction afforded a mixture of regioisomers of the 
bisadduct 4 (7.5 mg, 16%) as a dark brown powder: TLC RfO.25; 
'H NMR (300 MHz, CDCl3-CSz (1:l)) 6 6.94 (SI, 6.82 (SI, 6.49 
(s), 5.97 (s), 0.39 (s), 0.35 (s), 0.31 (SI, 0.08 (SI, 0.04 (s); FAB MS 
mlz 916 (M+), 818 (M+ - HC=CSi(CH3)3), and intense peak at 
720 (Cso). 
(Pheny1ethynyl)hydrofullerene (5). Similarly, 0.45 mL 

(0.21 mmol) of a 0.46 M THF solution of (phenylethynyl)lithium, 
prepared in the same way as described above, was added 
dropwise to a stirred and refluxed solution of c60 (50.6 mg, 
0.0702 mmol) in toluene (30 mL) over 3 min. After 1 min, the 
resulting black suspension was treated with excess CF~COZH, 
worked up in the same way as above, and chromatographed to 
give unchanged c60 (7.3 mg, 14%) and monoadduct 5 (19.2 mg, 
33.2%) as a dark brown powder: mp > 300 "C; TLC Rf 0.48; lH 
NMR (CDC13-CSz (1:l)) 6 7.77 (m, 2 H, o-H), 7.45 (m, 3 H, m,p- 
H), 7.13 (s, 1 H, C60H) (6 in CSz-(CD&CO (4:1), 7.73, 7.44, and 

147.21, 146.63, 146.30, 146.27, 146.12, 145.70, 145.60, 145.55, 
145.41, 145.33, 145.25, 144.61, 144.42, 143.13, 142.52, 142.49, 
142.06, 141.97, 141.93, 141.81, 141.62, 141.54, 140.30, 140.27, 
135.99, 135.08 (29 signals, sp2-carbons in the c60 core), 132.06, 
128.91, 128.55 (three signals, CH in the phenyl group), 122.47 
(ipso4 in the phenyl group), 92.24 (CECPh), 84.05 (C%!-Ph), 
61.87 (CH in the c 6 0  core), 55.03 (quaternary sp3-C in the c60 
core); UV-vis (cyclohexane) A,, 209 nm (log E 5.091, 257 (5.081, 
329 (4.53),405 (3.57),432 (3.41),483sh (3.07),543sh (2.94),599 
(2.76), 667 (2.331, 689 (2.431, 701 (2.53); FAB MS mlz (822, M+) 
and intense peak at 720 (c60). Anal. Calcd for C6aHs: c, 99.27; 
H, 0.73. Found: C, 98.47; H, 0.75. 
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7.18); I3C NMR (CS2-(CD&CO (4:l)) 6 151.51, 151.22, 147.49, 

Table 1. Results of Cyclic VoltammetryQ 
reversible, Emb 

compd E, irrev peak pot1 Eredl Ered' Ered' EEd4 
c 6 0  f1.41 -0.93 -1.36 -1.85 -2.35 

3 +1.43 -1.02 -1.42 -1.95 -2.43 

5 +1.44 -0.97 -1.39 -1.81 -2.33 

(88) (95) (95) (107) 

(105) (94) (103) (96) 

(100) (103) (85) (117) 
a Potential in volts vs ferrocene/ferrocenium measured in ben- 

zonitrile with tetrabutylammonium tetrafluoroborate (0.05 M) as 
a supporting electrolyte; scan rate, 0.1 V 5-l. E,, - Epc values 
in millivolts are shown in parentheses. 

cyclic voltammetry in benzonitrile. The voltammograms 
exhibited one irreversible oxidation peak and four revers- 
ible reduction waves as in the case of c 6 0  itself. The 
results are shown in Table 1. In spite of the general 
tendency that cathodic shifts of reduction potentials 
result from the saturation of one of the x-bonds on the 
c60 surface by addition of a carbonaceous gr0up,29~~ the 
reduction potentials of phenylethynyl derivative 5 were 
not much different from those of c60 itself. This could 
be attributed to the electron-withdrawing inductive effect 
of the phenylethynyl ~ I - O U P , ~  which canceled out the 
expected cathodic shift mentioned above. On the other 
hand, the reduction potentials of 3 were generally more 
negative by 5 0.1 V, reflecting the electropositivity of the 
silyl group. 

The present method, i.e. the nucleophilic addition 
under forced conditions, is considered to have general 
applicability for the ethynylation of fullerenes, and 
further study is now under way to obtain a wide variety 
of acetylenic fullerenes with unique structures and 
properties including a dumbbell type dimer, for example. 

Experimental Section 

NMR spectra were at  300 MHz for lH and 75 MHz for 13C 
NMR. Cyclic voltammetry was conducted using a three- 
electrode cell with a glassy carbon working electrode, a platinum 
counter electrode, and a AglO.01 M AgN03 reference electrode. 
The potential was corrected against ferrocene used as an internal 
standard. All the TLC analyses were conducted with hexanel 
silica gel 60 F-254 (Merck). c60 was separated from a com- 
mercial C60-c.iO mixture (9223 by weight; MER Co.) by the use 
of a Norit carbon-silica gel column.s THF was freshly distilled 
from sodium benzophenone ketyl before use. Toluene and 
benzonitrile were distilled from Na and Pz05, respectively. 
Reactions were conducted under an argon atmosphere in pre- 
dried glassware. 
[(Trimethylsilyl)ethynyllhydrofullerene (3). A solutioh 

of [(trimethylsilyl)ethynyl]lithium (2) was prepared by adding 
0.32 mL (0.49 mmol) of 1.54 N BuLi in hexane to a stirred 
solution of (trimethylsily1)acetylene (0.071 mL, 49 mg, 0.50 
mmol) in 0.7 mL of THF at -78 "C and stirring the mixture at 
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on the redox properties of CSO derivatives has been clarified (ref 2). As 
an index of the inductive effect of the phenylethynyl group, both the 
substituent constants om and or have been estimated as 0.29: Charton, 
M. In Progress in Physical Organic Chemistry; Taft, R. W., Ed.; 
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