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Summary: Diethynylmethanobuckminsterfullerene (la 
and 13C-labeled lb) has been prepared by reaction of the 
lithium salt of 1,5-bis( trimethylsilylr- 1,4-pentadiyn-3-0ne 
(ptoluenesulfony1)hydrazone (5a/b) with Cm followed by 
desilylation and characterized by NMR, IR, UV-vis, and 
CI-TQMS spectroscopies. 

The functionalization chemistry of buckminsterfullerene 
(c60) has recently become the focus of ardent research,l 
especially since it was found that the water-soluble 
derivativesz4 show biologically-relevant properties such 
as HIV-1 protease inhibition5 and cleavage of DNA by 
sensitized generation of singlet 0xygen.69~ The preparation 
of new materials based on C~O-derivatives presents a 
tremendous potential that should reflect the richchemistry 
and physics demonstrated by Cm itself, in particular 
superconductivity,8 ferromagnetism? and nonlinear opti- 
cal behavior.1° Diarylmethanobuckminsterfullerenes have 
been converted to polyesters and polyurethanes with 
“pendant chain” structures retaining the redox and 
electronic properties of the monomeric fullerenes and to 
fullerene-bound dendrimers.11J2 We have recently pre- 
pared a series of “ball-and-chain” donor-acceptor systems 
based on c 6 0  as models in long-range, photoinduced 
intramolecular electron-transfer processes.13 In this paper, 
we report an approach to new macrocyclic and polymeric 
carbon allotropes that requires diethynylmethanobuck- 
minsterfullerene (la) as a building block (Scheme 1). The 
conversion of la to the macrocycles 8a-c should lead to 
a new class of molecular carbon allotropes combining both 
cyclo[nlcarbon (8a, n = 20, 8b, n = 25,8c, n = 30) and 
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fullerene f rame~0rks . l~  Such materials may ultimately 
be converted to single-sizedgiant fullerenes by coalescence 
rea~ti0ns.l~ The oxidative coupling of la to afford 
oligomeric pendant chains (9) offers exciting possibilities 
in the area of organic conductors where doping could be 
achieved either by electron addition to the Cm framework 
or by electron hole formation in the homoconjugated poly- 
(diyne) chain. In this regard, homoconjugative effects 
between the a-systems of Cm and the alkynyl substituents 
or between the diyne units through the cyclopropyl Walsh 
orbitals are particularly interesting to investigate.16 

Methanobuckminsterfullerenes and fulleroids have been 
prepared by [3 + 21 dipolar cycloaddition of diazo- 
compounds to Cm followed by thermal or photochemical 
Nz-elimination from the intermediate pyraz01ines.l~ The 
3-diazo-1,5-bis(trialkylsilyl)-l,4-pentadiynes 6a,l8 6b, and 
6c required for a similar transformation to the protected 
methanofullerenes 7a-c were generated in situ by ther- 
molysis of the corresponding lithium salts of @-toluene- 
sulfony1)hydrazones 5a-c in the presence of C60.l~ The 
monoadducts 7a and 7c were isolated in 33 and 47 % yield, 
respectively, as dark brown crystals. Originally, we used 
the new (i-Pr)sSi-hydrazone 5c because it was found to be 
exceptionally stable20 and convenient to use. However, 
when we attempted to remove the (i-Pr)aSi protecting 
group of 7c (BudN+F-, aqueous THF) instantaneous 
polymerization or decomposition took place, presumably 
through nucleophilic addition of fluoride to the Cm 
framework. This side reaction was avoided when the TMS 
derivative 7a was deprotected in the presence of sodium 
tetraborate in aqueous THF,zl affording compound la in 
68% yield.lg Carbon-13-labeled methanofullerene 7b was 
converted directly from 5b to deprotected diyne lb  without 
isolation in a 22% overall yield. 

‘H-NMR spectroscopy of la displayed only one singlet 
a t  2.87 ppm for the two ethynyl protons, while 1%-labeled 
l b  showed one doublet with 3 & ~  = 4.5 Hz; the 13C- 
satellites for this peak gave additional coupling constants 
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with ~Jc-H = 256.1 Hz, 2 J c ~  = 51.0 Hz. 13C-NMR 
spectroscopy of the silylated and deprotected compounds 
7a, 7c, and la/b showed the 17 expected resonances for 
the fullerene carbons in each compound, indicating that 
the products are the CZ,-sy"etric 1,9-methanofullerenes 
with 6,6-ring junction (Figure l).17 The sp2-hybridized 
fullerene carbons of 7a, 7c, and la/b are observed between 
139 and 147 ppm and the sp3-hybridized carbons at  76.1 
f 0.1 ppm. The methano-bridge carbons for 7a, 7c, and 
la/b appear a t  31.2,29.5, and 26.0 ppm, respectively, while 
the alkynyl peaks are seen in the expected region (73-100 
ppm). In this regard, the methano-carbon of la could not 
be assigned with certainty due to its very weak absorption 
and the presence of a difficult to remove alkane impurity 
in the same region (30.6 ppm, Figure 1A).22 Thus, the 
1%-labeled methanofullerene lb was prepared from 
sodium formate (99 atom % 13C) via benzyl formate 2, 
alcohol 3b, and ketone 4b as shown in Scheme 1. As 
expected, compound lb displays a very large signal for its 
methano-carbon at 26.0 ppm which is easily seen after 
just a few accumulations. This should become a clear 
advantage when lb is derivatized further or cyclized to 
compounds 8a-c. A gated decoupling experiment con- 
firmed the assignments of the ethynyl and methano-bridge 
carbons in la/b (Figure 1B). The characteristic ~Jc-H 

- 9, R" = H, -C&-TIPS 

and VC-H doublets for the ethynyl groups in la have 
coupling constanh of 256.3 and 50.8 Hz, respectively, while 
the methano-bridge carbon in lb appears as a triplet with 
3 J ~ - ~  = 4.6 Hz. In addition, the carbon-carbon coupling 
constants in 1 b between the 13C-labeled methano-carbon 
and the alkynyl and Cm-sp3 carbons were obtained: 2 J c ~  

~JGC = 98.0 Hz (WCICH) (Figure lA ,  inset). These 
values correlate well with those expected for similar 
carbon-carbon c0nnections.2~ In the FT-IR spectrum of 
la, a strong =CH stretch is observed at  3295 cm-1, while 
weak C=C stretches appear a t  2174 and 2124 cm-l (sym 
and asym). Chemical ionization triple quadrupole mass 
spectroscopy (CI-TQMS) of la and lb gave clear parent 
ions at  mlz = 782 (C6&2) and mlz = 783 (C&'CHz), 
respectively. 

The UV-vis absorption spectra of the trialkylsilyl diynes 
7a-c and the diethynyl derivative la (Figure 2) are 
essentially identical to the parent C%-methanobuckmin- 
sterfullerene (CmCH2).17C In particular, the characteristic 
absorption bands at  256,330, and 435 nm, as well as the 
broader absorption centered at  484 nm, are observed. 
The close similarity of the spectra of the diethynylmetha- 
nobuckminsterfullerenes 7a-c and la with the parent CzU- 
methanofullerene C6&& show that homoconjugative 

= 15.1 HZ (13CCd!H), 'Jw = 18.2 HZ (l3C-Cw sp3-C), 
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Figure 1. A. Proton-decoupled 125.6-MHz W - N M R  spectrum of diethynylmethanobuckminsterfullerene (la) in CS2/CDCla (1:l). 
The peak noted with a X is due to an alkane impurity. The inset shows the expanded spectrum of W-labeled compound l b  between 
73.2 and 76.4 ppm; see text for the analysis of coupling constants. B. Gated decoupled W - N M R  spectrum of la. Inset a shows the 
expanded spectrum of la in cs2/csD6 (1:l) where all of the 16 peaks in the fullerene region are well resolved. Inset b shows the expanded 
spectrum of l a  between 72.32 and 76.44 ppm and inset c the spectrum of W-labeled compound l b  in the methano carbon region 
(25.3-26.7 ppm). 
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Figure 2. UV-vis absorption spectra of diethynylmethanobuck- 
minsterfullerene (la), buckminsterfullerene (Cw), and 1,9-(4- 
hydroxycyc1ohexano)buckminsterfullerene (10) in CH&la: T = 
25 "C, d = 1 cm; [Cw] = 8.05 X 1o-S M (2.82 X 10-4 M inset); [la] 
= 2.21 X 1 V  M (6.12 X lo-' M inset); 1101 = 9.16 X 10-6 M (3.61 
X 10-4 M inset). 
effects, if existent, are not observed by this method, a5 
seen previously with other diacetylenic cyclo- 
propanes.'& Interestingly, the purple-brown color of l a b  
in solution appears to be intermediate between the deep 
purple color of Cw and the brown color of the unstrained, 
substituted 1,9-dihydrobuckminsterfdlerenes, represent- 

ed by alcohol 10 (Figure 2). While in the spectrum of 10 
there is a steady decrease of absorption from the char- 
acteristic peak at 436 nm up to 730 nm, a minimum at 446 
nm for la/b provides a decrease of absorption in the blue 
region of the visible spectrum that accounts for its purple 
hue. 

Preliminary oxidative cyclization experiments of di- 
alkyne la to the macrocycles 8a-c using Eglinton-Glaser 
or Hay coupling conditions gave only intractable materidw 
It is possible that the coupling products are highly 
insoluble, and a general methodology to render such 
compounds more handlable by the reversible addition of 
solubilizing groups to  the Cm-framework is currently under 
investigation. 
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