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Endohedral fullerene is a new type of carbon cluster that contains

one or more atoms inside the hollow fullerene cagsspecially, o=
endohedral metallofullerenes have attracted broad attention because o 8 N
of their novel properties due to an intramolecular mefallerene st Yt .
cage interaction. New electronic properties, such as the low ISy 9\ 1991
oxidation and reduction potentials, induced by the interaction would o = \ ;2’1%‘\ ;L
allow new application of the fullerenes. Reversible addition reattion \ =15 }T}'I
is one of the useful methods for separati@f fullerenes and \.,.."‘ { 1819, 4
protection of their reactive siteln this context, it is extremely ~ } =2.2’ 1
important to develop a reversible reaction of endohedral metallo- o
fullerenes. We report here the first reversible and regioselective Figure 1. The LUMO of La@Gs.
addition reaction of La@§ with cyclopentadiene (Cp).

A toluene solution of La@§ and Cp was placed in a quartz S Py
tube and degassed. The reaction of La@®ith Cp at room .,"\n} )
temperature was monitored by EPR spectroscopy. When lga@C Pt et Poo o N
and Cp were equimolecular (2.2 10°° M), no change was !"_ N _-"‘\ a_ ANy
observed in the EPR spectrum. However, when an excess of Cp N N S ff \Qe‘ \\"
(5.5 x 1071 M) was used, a new set of octet signals appeared and [" A _ f. \ e‘".g o 4 N i*‘q
their intensities increased as the La@€6ignals decreased. After s N - V4 \'a,:.'r vy T, VA %%
standing fo 2 h in thedark, the 1:1 adducil( La@ G,Cp) between WA e 7N \\ Al y/
La@G, and Cp was isolated with HPLC in 44% vyield. The S e e oi N 4 s
electrospray ionization (ESI) mass spectrum (negative modg) of Nob—”” N T

showed a weak molecular ion peakratz 1189 for 1~ together <top views <side view>

with a strong signal ai/z 1123 for [La@Gg] -, which arises from Figure 2. Two views of the optimized structure of La@Cp.

a loss of Cp. The EPR spectrum bshowed only one set of octet

signals and confirms that one conformer is selectively formed in Scheme 1

the reaction of La@§ and Cp. As La@g hasC,, symmetry? %
there are 24 nonequivalent carbons and 19 nonequivalent 6,6-ring ‘
junctions. Therefore, a large number of regioisomers are expected + @
for the monoaddudIn this context, the high regioselective reaction

of La@G with Cp is noteworthy. As shown in Figure”lthere

are four characteristic bonds<3, 11-14, 16-19, and 15-18) La@Cg, Cp
that have the large orbital coefficient set in different phase. In these
bonds, only the bond labeled-3 can afford one conformer. The
carbon atom labeled 2 has a largest valuer-afrbital axis vector

(POAV) that is used as an index of the local st#On the basis N for Landz ~ 1.8 x 10° h for CeCp*). The kinetic parameters
of these findings, it is most likely that has a structure shown in  for the retro-reactions df and GoCp in toluene were determined
Figure 2710 at 298 K. The results are summarized in Table 1. The retro-reaction

competes with the forward reaction. The activation energy for the
retro-reaction ofl was determined in the presence of maleic
anhydride, which acts as a Cp scavenger and inhibits the forward
reaction of La@@, with Cp. The activation energy was evaluated
to be 100 kJ/mol. This value is 12 kJ/mol lower than that for the

—_——
—_—

1
La@ ng C p
Cp : cyclopentadiene

From the kinetic analysis, it was found thhtdecomposes to
La@Gs, and Cp even at 298 K in toluene. This retro-reaction
proceeds much faster than that of,Cp (a half-life timer ~ 1.8

T Tokyo Gakugei University.

£ University of Tsukuba. reaction of GoCp and 33-74 kJ/mol lower than those reported for
ﬂggsstg;*t‘fnfisgr"s"i?fCU'ar Science. retro-reactions forming normal olefins and dieA&s3 Since
#Nagoya University. multiple adducts are unfortunately formed in the reaction of Lg@C
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spectra of adducl. The rate constants for the forward reaction of
La@Gs, with Cp and its retro-reaction. The POAV values of La@C
This material is available free of charge via the Internet at http:/
pubs.acs.org.
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Figure 3. The orbital diagrams of La@g Cso, and Cp in eV.
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Table 1. The Activation and Thermodynamic (298 K) Parameters
for the Retro-Reaction

E? AHF AS* AG*
(kJ/mol) InA (kJ/mol) (kJ/mol) (kd/mol)
La@G:LCp 100 13.6 98 7 96
CeoCp? 112 12.6 109 —-12 113
aRef 11.

with Cp and the retro-reaction dfis fast, it is difficult to estimate
the rate constants of the cycloaddition reaction.

The frontier molecular orbital (FMO) theory is useful for
explaining the eletrocyclic addition. When the energy difference
between the HOMO of a diene and the LUMO of an olefin is small,
the cycloaddition reaction proceeds smoothly because a large
stabilizing energy is formed by effective orbital interaction. From
the FMO theory, La@g; is expected to react with Cp faster than
Cso because the LUMO of La@g(—4.05 eV) is lower than that
of Cgo (—3.22 eV) (Figure 3).One of the reasons for the low yield
of 1 would be due to the presence of the fast retro-reaction. The
rate constant of consumption of La@@ 2200 times slower than
that of G at 293 K2¢

In conclusion, we have successfully demonstrated the first
reversible and regioselective reaction of La@@ith Cp. The
kinetic parameters for the retro-reaction bfLa@G,Cp) were
determined. Its activation energy is lower than that of the retro-
reaction of G¢Cp. This reversible reaction would be useful to
control the regioselective reactions of endohedral metallofullerenes.
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