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Like benzene, ferrocene is amenable to functionalization by direct Scheme 1
electrophilic substitution of thes6eyclopentadienide ring (Scheme E
1a)! This analogy with benzene may call for the generation of a
“benzylic” anion and subsequent trapping with an electrophile E >
(Scheme 1b), which is difficult, to our knowledge. We report herein te H
that this latter route is possible when the anion is a part of the @,,% {
extensive conjugation of [60]fullerene. For instance, [60]fullerene |
has been converted first into a ferrocene/hydrofullerene hybrid Fe- fe {z — L @
(CsoHs)(CsHs) (1), and then into a penta-alkylated product Fe-
(Cs0Rs)(CsHs) (2) by treatment with methanolic BNOH and an
excess alkyl halide (Scheme 2). The reaction is applicable to the Scheme 2
synthesis of a variety of “bucky ferrocene” derivatives and half-
sandwich molecule8—16 (Chart 1). This synthesis gf-fullerene-
metal complexes allows the introduction of functionalized groups
and hence is complementary to the previous route relying on Ceo
organocopper reagems.

The new chemistry depends crucially on the synthesis of the
hydrofullerene-iron(ll) complexes such a$, which was made
possible according to the hydrometalation protocol that we reported
recently® Thus, treatment of [60]fullerene and its derivativegfC Chart 1. Alkylated [60]Fullerene—Metal Complexes Obtained via
(PhCH)2 * (3) and Go(PhCH,),PhH (4)] with [Fe(CsHs)(CO)l2 Deprotonation/Alkylation Route?
in PhCN at 160°C afforded the desired hydroferrated product in

H
[Fe{CsHs)CO)zln
PACN
A

: ) . o = =
25—82% yield (Table 1). Contrary to the hydrorhenation reaction F’““/v S PhFAC, “Fe r‘/ g LNl
of fullerene with Re(CO)y, that utilizes 9,10-dihydroanthracene 'HCV i\rme ”““*}% & jw e 5{‘? o
as a hydrogen source, cyclopentadiene liberated from Jref€ \\%_) Vi ‘{; Kﬁ 3\ 20
(COY), acts as the hydrogen source in this reactidine reaction AN \Q/

of Ceo(PhCH,),PhH (@) was particularly clean and requires only a 8(81%) 9 (77%) 10 (50%)

oK
(Table 1, entry 3; 1 mol of the Fe(l) dimer is required to obtain 1 _— ,\@:?’ COEL me‘:f’ /““‘oo o an o

. cl -] 2
mol of the Fe(ll) product). In the reaction ofe§lPhCH,), we PhH; ‘"v*‘J—“‘?,\,(\/\co £ PPHCy f ;vaé pmw:}), @C\ﬁﬁcnzm

&

stoichiometric amount of [Fe@Eis)(CO)], to achieve the 82% yield

obtained the ferroceng in 44% vyield (entry 2), as the reaction (=)
was complicated by competitive replacement of a benzyl group with k‘\/ }/ \,\i:{\
a hydrogen atom. The reaction of [60]fullerene gawe 25% yield

(entry 1). The low vyield is probably due to poor solubility of e 1 18
fullerene (and also the intermediates) in PhCN. The present < oS8 g0

procedure allowed the synthesis of a ferrocene/fullerene hybrid eoc.c Fe {_/ COLE =‘rHC) “fie cuzph

bearing substituents on the cyclopentadienide moiety. For instance go:c ﬁ%?"’E Phi NP/‘:‘\A’H?"

a 1,3-bis(trimethylsilyl)cyclopentadienyl ferroceievas synthe- = / ,:\;.,‘ ”

sized by the reaction of with [Fe(1,3-TMSCsHz)(CO)], (TMS ‘*;g_ '*t\{_\ _
= MesSi, entry 4). 14 (58%) 15 (48%) 16 (73%)

The hydrofullerene structures were assigned on the basis of aThe alkylating agent used in each case is described in the text, and the
spectroscopic analogy with the corresponding hydrorhenation aikyl groups are colored in blue. Experimental conditions are shown in
product8 and the ferrocene/fullerene hybrid molecules prepared Supporting Information.

by the organocopper routéthe high-resolution APCI-TOF mass,

IH NMR and3C NMR spectra) and the subsequent conversion to signal due to the H-bearing $parbon atomsq 45.39 ppm ey

the alkylated products as described below. For instance!Hhe = 143 Hz) and six signals due to the rest of the fullererfeeapbon
NMR spectrum ofl shows only two singlets, one due to the atoms.

cyclopentadienyl protonsd(4.94 ppm) and the other due to the The key finding in the present study is that one can deprotonate
protons on fullereneX5.52 ppm). Only nine signals were observed the hydrofullerené,and alkylate the resulting anion regioselectively
in the 13C NMR spectrum Cs, symmetry); namely, two signals  with an alkyl halide (Scheme 2 and Chart 1). After considerable
due to the two cyclopentadienide$ 71.11 and 85.32 ppm), one  experimentation, methanolic BNOH in PhCN was found to be
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Table 1. Hydroferration of [60]Fullerene Derivatives? The sequential hydrometalation/deprotonation/alkylation method
has several noteworthy features. The hydroferration takes place
regioselectively to introduce hydrogen atoms specifically around
the ferrocene moiety. These protons in the “benzylic positions” can
be removed very easily with hydroxide anion to generate a highly
delocalized anion, which has a finite lifetime at room temperature.
This anion reacts quickly with an alkyl halide exclusively at the
carbon atoms where the protons were attached in the hydrofullerene
starting materials. The properties of the anionic intermediates
involved in the present synthetic sequence are an intriguing subject
of future studies.

Even with the limited number of examples, we expect that the
new synthetic methodology will significantly expand the variety
of 775-metal-fullerene complexes and hence will expand the utilities
of such complexes in chemistry, biology, and materials scié#te.
For instance, one can readily see the possibility of attaching the
metal-fullerene complexes to a preexisting molecular structure
through manipulation of the side chaisand the removal of the
Cp ring'? for further conversiofi of the metal complex.

Substrate Reagent Time Product Yield

[Fe(CsHs)(CO)2l2

22h
(5 eq)

[Fe(CsHs)(CO)2l2
10 eq)

[Fe(CsHs)(CO)2l2
(1.0eq)

(+ isomer)

Me3Si©/SiMeg

PhHyC Fe H

[Fe(Cs(1 ,3-(TSMS))2H3)(CO)2]2 24 hppy,c -
eq

4
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insta_nce, the addition of BNOH to the ferrocené in PhCNdS at Supporting Information Available: Synthetic procedures of the
ambient temperature causes color change from light red to dark hey compounds aritt NMR spectra o6 and its deprotonated product

red within a few seconds, afil NMR measurement of the solution  (ppF). This material is available free of charge via the Internet at http://
showed the disappearance of the two protons attached to thepubs.acs.org.

fullerene core (spectrum in Supporting Information). The anion was
thermally rather unstable but could be alkylated in good yield with References
an excess of an alkyl halide %0 equiv). Thus, the reaction with
methyl iodide completed within 10 min gave the dimethylated
compound Fe[g(PhCH).PhMe)](CsHs) (8) in 81% isolated yield

as a single regioisomer. Similarly the reaction with allyl and benzyl
bromide gave Fe[g(PhCH,).Ph(allyl);](CsHs) (9) and Fe[Go

aSee Supporting Information for the experimental conditions.
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