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Functionalized fullerenes have attracted significant attention as Table 1. Catalyst Screening and Reaction Optimizationa
promising structural/functional units in nanoscieAde this end,
a number of chemical reactions of fullerenes have been developed,
such as different types of cycloaddition and the addition of
nucleophiles and free radicéisThe addition of organometallic H,0/1,2-CloCqH, (1/9)
compounds, such as organolithiums or Grignard reagents, is one 60 °C or 100 °C
such classical reaction in fullerene chemistrjlthough these Ar =2,6-Me,CeH,
addition reactions have contributed significantly to the generation B(OR), = B(OH), or B(pin)
of interesting nanostructurésas exemplified by Nakamura’s
multifold addition of organocopper reagents, there remains con-
siderable room for further investigations, giving that (i) high loading
of organometallic reagents is typically required, (i) selective 1  [RhCl(cod)h 27%  90% - -

ArB(OR),
Rh Catalyst

boronic acid pinacol ester

entry catalyst yield®  selectivity  yield®  selectivity®

L s . i 2 [RhOH(cod)} 57%  66% 19%  68%
.monoa.ddltlon is often .dlfflcult, (iii) functional group compatlblllty 3 [Rh(cod}]BFs 61%  >95% 250 78%
is relatively low, and (iv) the use of metal catalysis, which offers 4 [Rh(cod}]PFs <1% — 14% 88%
various opportunities for selectivity control, has not been forthcom- 5 [Rh(cod}]OTf <1% - 14% 88%
ing. A key to addressing these issues is to generate a reasonably 6 [Rh(nbd}]BF4 17% >95% - -

7 [Rh(cod)(MeCN)]BFs 67%  88% 60% >95%

.nucleophlllclbut functlonal-gr(?up-compatlble organomet.alllc species [Rh(cod)(MeCN)BFs  84%  91% = _
in a catalytic manner. Inspired by recent progress in _rhodlum- ode  [Rh(cod)(MeCN)|BFs 80%  >95%  — -
catalyzed reaction of organoboron compounds with various elec- 104  [Rh(cod)(MeCN)JBF; 68%  >95%  — -
trophiles, such as electron-deficient alkenes and alk{aaswell

as by the general disposition ot¢as an electron acceptbrye © & Molar (?jt)ioiogsgAig(t?(R);/Rh I= 1t2)9é Cond_ition?:eoeo% 3 |2|
e . . o . oronic acid); , pinacol ester}. Conversion of G and yie

envisioned the rhodium-catalyzed functionalization @b Gsing of product were determined by HPLC analysis using &s an internal
organoboron compounds. standard® Determined by [yield of product]/[conversion ofeg: 4 H,O/
1,2-ChCeHa = 1:4. € Co/ ArB(OR)/Rh = 1:1.2:0.1." Ce/ ArB(OR)o/Rh =

1:1.2:0.05.

[Rh(cod}]OTf, were found to be totally inactive. These results were
surprising because it has been well-documented that these com-

Rh Catalyst .. . . .
H,0 plexes behave similarly in standard catalytic transformations.
1,2-Cl,CgH,4 However, any speculation regarding this dramatic counteranion
R = aryl, heteroaryl, alkenyl effect must await further mechanistic investigations. Changing the
B = B(OH);, B(pin), BF3K diene ligand from cod to norbornadiene (nbd) resulted in lower

reactivity (entry 6), indicating that at least one of the dienes
In early experiments, we found that 2,6-dimethylphenylboronic dissociates from rhodium before becoming catalytically active. In

acid possesses reasonable reactivity towapdFor example, when line with this assumption, the use of [Rh(cod)(MegBJ-, resulted

a mixture of the boronic acid ands§was treated with a catalytic  in a 67% yield with 88% selectivity (entry 7). We further found
amount of [RhCl(cod})] (cod = 1,5-cyclooctadiene) in $D/1,2- that increasing the amount of water J®{1,2-CbCeHy = 1/4)
Cl,CgHy4 (1/9) at 60°C for 3 h (molar ratio, G/ArB(OH)./Rh = allowed an 84% yield (entry 8). Under these conditions, the amount

1:2:0.1), a hydroarylation adduct was obtained in 27% yield with of ArB(OH), and Rh complex could be reduced to 1.2 and 0.05

90% selectivity (Table 1, entry 1, left column). The hydroarylation  equiv, respectively (entries 9 and 10).

took place across the=€C bond between two six-membered rings We also examined the reactivity of these rhodium complexes

of Ceo. with the corresponding pinacol ester (Table 1, right column).
On the basis of this preliminary result, we set out to investigate Because the reactivity of pinacol ester is generally lower than that

the effect of rhodium(l) complexes with this model substrate (Table of boronic acid, the reactions were conducted at’lD0The general

1). All reactions were stopped aft& h to ensure appropriate  trend was found to be similar to that obtained with the reactions of

comparison of catalytic activities. The use of [RhOH(ced)ve boronic acid. Thus, we identified [Rh(cod)(MeGMNBF, as our first-

rise to higher yield (57%), but this was achieved at the expense of choice standard catalyst precursor for the reactiongf C

low selectivity (66%); multiple addition products were detected by ~ With a first-generation procedure in hand, we next examined

LCMS analysis. When [Rh(cog]BF, was used, both a good yield  the reaction with several organoboron compounds in order to gain

(61%) and excellent selectivity>@5%) were achieved. However, a rough grasp of the scope of the present rhodium catalysis (Table

other representative cationic complexes, such as [Rh{&¥)and 2). The reaction took place with various electronically and
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COMMUNICATIONS

Table 2. Rh-Catalyzed Arylation and Alkenylation to Cgg Using
Organoboron Compounds?

RB(OH), (1)
[Rh(cod)(MeCN),]BF,

H,O/,2-CloCqH, (1/4)

60°C, 12 h
entry RB(OH); (1) 2 conv® yield® selectivity?
1 CsHsB(OH), (18) 2a 47% 45% (40%) >95%
2 4-MeGH4B(OH), (1b) 2b 50% 49% (40%) >95%
3t 2-MeGH4B(OH), (10 2c 64% 53% (46%) 83%
4t 2,6-MeCesH3B(OH), (1d) 2d 80% 80% (69%) >95%
5 4-CIGH4B(OH); (19 2e 38% 38% (32%) >95%
6 4-MeOGH4B(OH); (1f) 2f  52% 45% (35%) 87%
7 4-MeOGH4BFsK (1f) 2f  62% 51% (43%) 82%
89  4-MeC(O)GH4B(OH)(1g9) 29 47% 47% (42%) >95%
gef  1-naphthylB(OH) (1h) 2h 68% 55% (51%) 81%
10ef  1-pyrenylB(OH) (1i) 2i 69% 56% (49%) 81%
11" (E)-CeHsCH=CHBFR:K (1j') 2] 51% 36% (34%) 67%
129 3-thienylB(OH} (1k) 2k 53% 53% (48%) >95%

aMolar ratio: Go/I/Rh= 1:1.5:0.1.P Conversion of Go determined by
HPLC using Go as an internal standarélYield of 2 determined by HPLC
using Go as an internal standard. The number in parenthesis is the isolated
yield. 9 Selectivities were determined by [yield 8f/[conversion of Gg].
e Reactions conducted at room temperatfi&y/1/Rh = 1:1.2:0.1.9 [RhO-
H(cod)k was used" H,0/1,2-CbCeH4 = 1:9.

Figure 1. Other representative functionalized fullerenes.

structurally diverse boronic acids. In all cases examined, selectivity

was good to excellent. Functional groups, such as the acetyl group,

which usually cannot be applied in the existing organometallic
additions, have been found to be compatible (entry Bxtended
m-systems such as naphthyl, pyrenyl, and styryl groups can also
be introduced (entries-911). Although some heteroarylboronic
acids, such as 3-thienylboronic acid, possessed low reactivity, the
use of highly reactive [RhOH(cod)lvas found to be a solution

for such sluggish reagents (entry 12). The use of potassium trifluoro-
(organo)borates gave better results in some cases (entries 6 an
7)8 A moderate electronic effect of the aryl group was observed
for the reaction efficiency, but we unexpectedly found that ortho-
substituted1c and 1d reacted markedly faster than the other
arylboronic acid$.

Other functionalized fullerenes were also created by the present
rhodium catalysis (Figure 1; see Supporting Information for details).
For example, when protected phenylalanine equipped with the
B(OH), group was reacted, a fullerene-tagged amino &cidas
obtained. This may be useful for various biological applicatibns.
When 9,9-dihexylfluorene-2,7-diboronic acid was reacted with 2
molar amounts of g, two-directional reaction occurred, yielding
an interesting fullerene-cappedsystem4.

In summary, we have established a new organoboron-based

arylation and alkenylation of & catalyzed by a rhodium complex.

The described chemistry not only broadens the scope of the
functionalization chemistry of fullerenes, thereby providing a new
synthetic avenue to a wide variety of previously unexplored

fullerene-based materials, but also represents a new direction for

molecular catalysis in nanocarbon chemidftwork along this line,
as well as the development of a more efficient catalyst, is ongoing.
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