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Abstract

Syntheses of mono- and bimetallic hydride complexes of rhodium and iridium with fullerenes C60 and C70 are described and the
results of their cyclic voltammetry (CV) studies are presented. The metal-containing [HM(CO)(PPh3)2] moiety (M=Rh and Ir)
coordinates with high stereo- and regioselectivity to the 1,2 bond of these fullerenes to form the only isomer in both cases. The
attachment of the second [HM(CO)(PPh3)2] moiety results in a complex mixture of positional and geometric isomers. Due to a
high rate of formation, metallofullerene complexes may be generated in situ in the electrochemical cell. The electrochemical
behavior (their redox potentials and stability of the oxidized and reduced forms) of the studied C60 and C70 organometallic
derivatives with the same metal-containing fragment is identical. © 2000 Elsevier Science S.A. All rights reserved.
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1. Introduction

Notwithstanding the recent considerable progress in
organometallic chemistry of fullerenes, data on electro-
chemical properties of fullerene complexes with transi-
tion metals are scarce [1–5]. Since the redox potentials
of C60 and C70 nearly coincide [6], a comparative elec-
trochemical study of exohedral metal complexes of
both these fullerenes with the same metallofragment is
of particular interest.

In this paper, our earlier results [7–9] on the synthe-
ses of several mono- and bimetallic exohedral com-
plexes of C60 and C70 with rhodium and iridium, as well
as a characterization of their coordination geometry,
stereochemistry, and electrochemical behavior are
briefly discussed and analyzed together with the new
data obtained.

2. Results and discussion

2.1. Syntheses of metallocomplexes

Previously [8,9], we showed that hydride complexes
of rhodium and iridium HM(CO)(PPh3)3 (M=Rh and
Ir) are convenient reagents for studying the coordina-
tion ability and specific features of fullerenes. First,
these complexes can react with fullerenes in two differ-
ent ways: (i) by a direct coordination of the metal atom
to double bonds or (ii) by addition of the M�H bond to
the polyene system of fullerene (Scheme 1). Secondly,
the hydride ligand is a convenient ‘label’ that allows a
reaction pathway (‘i’ or ‘ii’) to be revealed using IR
and/or NMR spectroscopy. Earlier it was found [8–11]
that reaction of these complexes with C60 and C70 goes
exclusively via the pathway ‘i’ with the corresponding
formation of h2-derivatives of fullerenes. At the same
time, reaction of HRh(CO)(PPh3)3 with conventional
electron-acceptor olefins (e.g. tetracyanoethylene and
tetrafluoroethylene) under the same conditions follows
the pathway ‘ii’ and gives only s-derivatives [12]. Addi-
tionally, the presence of the hydride ligand in the
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fullerene metallocomplexes obtained according to path-
way ‘i’ allows not only their coordination geometry, but
also the coordination sites in the fullerene cage to be
determined.

The mono- and bimetallocomplexes of fullerenes C60

and C70 under study were synthesized according to
Scheme 2. The preparation of bimetallic derivatives is
reported here in detail for the first time.

2.2. Configuration of metallocomplexes

The formation of fullerene metallocomplexes 1–9 as
a result of substitution of one triphenylphosphine lig-
and in HM(CO)(PPh3)3 with a fullerene molecule is
characterized by a high stereoselectivity and a retention
of the mutual trans-arrangement of the hydride and
carbonyl ligands. The latter completely determines the
coordination geometry of the central metal atom in the
resulting complexes.

The significant resonance interaction between nCO

and nRhH observed in the IR spectra of these com-
pounds as an ‘equalization’ of their intensities of both
bands due to the close frequencies is a convincing proof
of the trans-arrangement of the hydride and carbonyl
ligands in the rhodium complexes 1 and 3 [9,12]. In the
case of iridium complexes 2 and 4, vibrational frequen-
cies of the Ir�H and CO bonds differ significantly and
the nIrH–nCO resonance interaction was found in the
comparison of their IR spectra with those for the
isostructural deuterated analogues [8]. A quite
analogous picture is observed in the IR spectra of
bimetallic complexes 5, 6, and 7. In particular, the IR
bands of the mixed rhodium–iridium derivative of C60

7 in the region of stretching vibrations of the M−H

and CO bonds can be considered as a superposition of
those for corresponding monometallic complexes (1 and
2).

The conclusion on the configuration of metallocom-
plexes was also confirmed by NMR spectroscopy. For
all complexes under study, hydride protons appear as
triplets with small 2JH,P constants (�10 Hz for
rhodium and 17–20 Hz for iridium derivatives) in the
1H-NMR spectra. This corresponds to the cis-arrange-
ment of the two triphenylphosphine ligands with re-
spect to the hydride one. However, the coordination
configuration at the transition-metal center cannot be
determined unequivocally on the sole basis of NMR,
since one cannot distinguish between cis- and trans-ar-
rangements of H and CO ligands without IR data (see
above).

2.3. Coordination of fullerene moiety

2.3.1. Monometallic complexes
A characteristic perpendicular arrangement of the

hydride and phosphine ligands at the octahedrally coor-
dinated metal atom in the complexes 1–4 allows the
metallofragment’s position at the fullerene polyhedron
to be determined. This can be done on the basis of the
1H- and 31P-NMR spectra of the fullerene complexes,
taking into account a symmetry of all kinds of isomers
considering all directions of transition-metal coordina-
tion to the fullerene cage [9].

In monometallic complexes 1 and 2, fullerene C60 can
be coordinated to the metal atom at the 1,2 or 1,9 bond
(along 6�6 or 5�6 edge, respectively). As can be seen in
Fig. 1(a), in the first case the resulting complex should
exist as the only geometric isomer with the equivalent

Scheme 1.
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Scheme 2.

Fig. 1. A schematic representation of the positional isomers that may be formed upon coordination of the HM(CO)(PPh3)2 moiety at the 1,2 and
1,9 bonds of the C60 polyhedron in complexes 1 and 2.

phosphorus atoms, whereas in the second case a 1:1
mixture of two geometric isomers, differing in the mu-
tual arrangement of the hydride and carbonyl ligands,
has to be formed. In one of these isomers, the hydride
ligand is arranged opposite to the pentagon, while in
the other one it is arranged opposite to the hexagon; see

Fig. 1(b). The NMR patterns of these complexes, show-
ing the presence of only one isomer, unambiguously
indicate that the transition-metal atom is coordinated
to the shortest 1,2 bond of C60 cage. This coordination
is typical for all organometallic derivatives of C60

[13,14] studied by single-crystal X-ray diffraction.
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The situation becomes drastically complicated in the
case of complexes 3 and 4 due to the fact that C70

already contains four nonequivalent ‘6�6’ bonds (1,2;
5,6; 7,21, and 20,21 bonds) and four nonequivalent
‘5�6’ bonds (2,3; 5,4; 5,19, and 7,8 bonds). However,
analysis of the symmetry and the number of isomers for

each possible coordination site of the metal atom allows
an unambiguous choice to be made even in this case.
The 1H- and 31P-NMR spectra of the products indicate
the presence of the only isomer with two nonequivalent
phosphorus atoms. As can be seen in Fig. 2, it may be
possible only when the metal atom is coordinated to the

Fig. 2. A schematic representation of the positional isomers that may be formed upon coordination of the HM(CO)(PPh3)2 metallofragment at
four nonequivalent 6�6 bonds of the C70 polyhedron in complexes 3 and 4.
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Fig. 3. The arrangement of eight 6�6 bonds at which the second
metallofragment can be coordinated in the C60 polyhedron in
monometallic complexes. Notations of the positional isomers are
given.

a number of organometallic derivatives of fullerene C70

also indicate that the metal-containing moiety is pre-
dominantly coordinated to the 1,2 bond [13].

2.3.2. Bimetallic complexes
Since, as was shown above, transition metals are

coordinated only to the 6�6 ‘double’ bonds of fullerene
C60, attachment of the second HM(CO)(PPh3)2

metallofragment can theoretically result in the forma-
tion of eight different positional isomers (Fig. 3). It is
obvious that only seven isomers can actually be ob-
served, since the cis-1 isomer cannot exist due to a
sterical hindrance. Moreover, in bimetallic complexes
5–9, because of the presence of two different ligands
(i.e. hydride and carbonyl) perpendicular to the plane
of the metal coordination to the double bond of
fullerene at both metal atoms, each positional isomer,
in its turn, gives rise to a mixture of geometric isomers
differing in mutual arrangement of the hydride and
carbonyl groups. Thus, in the case of homobimetallic
complex 6, both the trans-1 and e isomers must be 1:1
mixtures of two geometric isomers, while all other
isomers have to be 1:1:2 mixtures of three geometric
isomers, as shown in Fig. 4 for the cis-3 case. Here, the
cis-3c and cis-3d isomers become equivalent since both
metals in 6 are identical, giving rise to a double abun-
dance of the (c–d) isomer as compared with a and b
isomers. Thus, the maximum possible number of dis-
cernible isomers for the complex 6 (not considering
enantiomers) must be equal to 19. The exact number of
isomers in 6 is difficult to determine from the 31P-NMR
spectrum of this complex because of considerable over-
lap of a very large number of signals from nonequiva-
lent phosphorus atoms due to the spin–spin coupling.
However, the hydride region of the 1H-{31P}-NMR
spectrum of 6 (see Fig. 5) contains 15 clearly defined

Fig. 4. The complete set of geometric isomers for the cis-3 positional
isomer in bimetallic complexes.

1,2 bond of fullerene C70. The possibility of coordinat-
ing the metal atom to any bond arranged along the 5�6
edges may also be ruled out, since in this case the
products must always exist as 1:1 mixtures of two
geometric isomers, similar to the corresponding deriva-
tives of C60 (see above). The results of X-ray studies of

Fig. 5. The high-field region of the 1H-{31P}-NMR spectrum of bimetallic complex 6 in THF-d8.
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Table 1
Redox potentials of fullerene metallocomplexes

−Ep
red (V)Ep

ox (V)Complex

F1 K1 M a F2 K2 F3 K3 F4 F5

0.30 0.90C60 1.50 2.00 2.50
C70 0.28 0.85 1.36 1.85 2.50
1 1.13 0.52 [0.90 0.90] b 1.50 1.80 2.00 2.50

0.63 0.90 1.151.22 1.502 1.74 2.00 2.50
1.133 0.50 [0.85 0.85] b 1.36 1.85 2.50
1.224 0.63 0.85 1.13 1.36 1.85 2.50

0.52 [0.90 0.90 0.90]b1.13, 0.80 1.505 2.00 2.50
0.906 1.22, 1.00 1.15 1.50 1.74 2.00 2.50
0.85 1.151.22, 1.13, 0.95 1.507 1.74 2.00 2.50

1.13, 0.808 0.50 [0.85 0.85 0.85] b 1.36 1.85 2.50
0.959 1.22, 1.00 1.13 1.36 1.85 2.50

a The first reduction peak of bimetallic complex.
b Overlapping peaks.

resonances, which correspond to the presence of at least
five positional isomers. This conclusion was drawn
from the combinatorial analysis of mutual arrangement
of hydride ligands, which shows that 1H-{31P}-NMR
spectra of trans-1 and e positional isomers must contain
two signals of equal intensities, whereas cis-2, cis-3,
trans-4, trans-3, and trans-2 isomers must give four
signals of equal intensities. These signals are difficult to
assign to the particular isomers without additional in-
formation or separation of the isomers. In the case of
heterobimetallic complex 7, each of the positional iso-
mers (except for the trans-1 and e) gives rise to a 1:1:1:1
mixture of four geometric isomers (since cis-3c and
cis-3d type isomers become nonequivalent due to the
presence of two different metals). The maximum total
number of isomers for 7 is 24 (without considering
positional cis-1 isomers, as for complex 6). However,
1H- and 31P-NMR data show that, unlike 6, this com-
plex partially dissociates (mainly with the elimination of
rhodium-containing fragment) in the temperature range
190–295 K. Along with a considerable overlap of reso-
nances, it hampers counting the actual number of iso-
mers. Nevertheless, the 1H-NMR spectral pattern in the
hydride region, corresponding to Ir�H protons, indi-
cates the presence of not less than five positional iso-
mers. Taking into account that the integrated intensities
of signals from different isomers in both cases do not
differ substantially and that the total number of posi-
tional isomers is at least five, one can conclude that the
attachment of the second metallofragment to the
fullerene cage of monometallic complexes is character-
ized by a low regioselectivity, as for most organic
addends [15]. This is in a drastic contrast with data on
the attachment of two Pt(PR3)2 groups to the C60

molecule [14].

2.4. Electrochemistry

As a first step, the electrochemistry of the individual
C60 organometallic derivatives 1, 2 and 6 was studied.
Taking into account the high formation rate and stabil-
ity in solution for the complexes under study [8,9], we
have generated them in situ directly in the electrochem-
ical cell. Having ascertained that the results obtained in
both cases were identical, we then extended this ap-
proach to the investigation of electrochemical proper-
ties of C70 organometallic derivatives because their
isolation in individual form is connected with a consid-
erable loss (up to 40% weight) due to their high solubil-
ity. The results are presented in Table 1, which also
exhibits the earlier data reported in Ref. [7].

2.4.1. Oxidation

2.4.1.1. Monometallic complexes. Unlike starting com-
plexes HM(CO)(PPh3)3 (M=Rh, Ir) that are oxidized
in two one-electron stages [7,16], only one irreversible
two-electron oxidation peak is observed for mono-
metallic fullerene derivatives 1–4 (a typical curve for
the complex 4 is presented in Fig. 6(a)). This fact most
likely indicates a low stability of intermediate
[(Cn)MH(CO)(PPh3)2]+� radical cation (where n=60,
70) due to the strong electron-acceptor character of the
fullerene ligand. Further cleavage of the metal�fullerene
bond results in a fast decomposition of this radical
cation that leads to free fullerene and readily oxidizable
metal-containing fragments as shown in Scheme 3.

The fact that the first reversible reduction peak of
fullerene (F1) appears in the potential back scan con-
firms to the formation of free fullerene in the oxidation.
Oxidation of rhodium complexes observed at 1.13 V
occurs somewhat more easily than that of correspond-
ing iridium analogs (at 1.22 V) (Table 1). It should be
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Fig. 6. Cyclic voltammograms of the oxidation of mixtures of C70 and
HIr(CO)(PPh3)3, 1:1 (a), 1:2 (b).

analysis of the cathodic part of CVs of iridium deriva-
tives 6, 7, and 9 (including a mixed heteronuclear
complex) shows that no considerable dissociation is
observed in this case. In particular, the absence of a
peak corresponding to the reduction of monometallic
complex (K1) contradicts the dissociative mechanism.
This is most clearly demonstrated by the example of
heterobimetallic complex 7. The anodic part of its CV
contains oxidation peaks corresponding to both
monometallic compounds, whereas peaks correspond-
ing to the reduction of (C60)RhH(CO)(PPh3)2 are com-
pletely absent in the cathodic part. Similar observations
unambiguously indicate that a dinuclear cation-radical
is first formed and then rapidly and nonselectively
decomposes to give two monometallic complexes,
which are then oxidized at more positive potentials. At
the same time, dirhodium complexes 5 and 8 dissociate
considerably in a solution, and peak K1 corresponding
to the reduction of (Cn)RhH(CO)(PPh3)2 is clearly ob-
served in the cathodic part of CVs. The fact that the
oxidation peak of bimetallic complex (at 0.80 V) is
much lower than that of monometallic complex (at 1.13
V) indicates that the above equilibrium can be strongly
shifted toward monometallic product. It should be
noted that the ratio of the peak heights remains nearly
constant as an excess HRh(CO)(PPh3)3 is added.

Concluding, the oxidation of mono- and bimetallic
exohedral derivatives of C60 and C70 under study is an
irreversible two-electron process resulting in the bond
cleavage between the transition metal atom and the
fullerene cage. The oxidation potentials are dependent
on the metal and the extent of metalation, but they are
independent of the type of fullerene (C60 or C70).

2.4.2. Reduction

2.4.2.1. Monometallic complexes. Along with peaks
whose potentials coincide with the reduction of free
fullerene (F2–F5), new reversible peaks (K1–K3) corre-
sponding to the reduction of metallocomplexes are
present on the CVs of 1–4 (Fig. 7 and Fig. 8(a)). Each
of these peaks is shifted by 0.22–0.33 V towards more
negative potentials as compared with the corresponding
reduction peaks of free fullerenes (F1–F3) (see Table 1).
The only difference observed on the CVs of the investi-
gated C70 organometallic derivatives (Fig. 8(a)) as com-
pared with similar derivatives of C60, is the absence of
K3 peak, which can be due either to increased instability
of the [(C70)IrH(CO)(PPh3)2]2− dianion or to, for in-

noted that the observed order of ease of oxidation
corresponds to the relative strength of the
metal�fullerene bonding, as it was found earlier for Ni,
Pd, and Pt complexes of C60 (Ni\Pd\Pt) [1].

2.4.1.2. Bimetallic complexes. The anodic parts of CVs
of solutions of homobimetallic complexes (Cn)[MH-
(CO)(PPh3)2]2 contain a peak at 1.40 V corresponding
to oxidation of PPh3 (which was observed among the
reaction products only when the complexes were gener-
ated directly in the electrochemical cell), together with a
peak with the same oxidation potential as for
monometallic derivative, and an irreversible two-elec-
tron peak at a smaller potential (0.80 and 1.00 V for
M=Rh and Ir, respectively) (Fig. 6(b)). The latter can
be considered as the oxidation peaks of bimetallic
complexes.

In the case of heterobimetallic C60 complexes 7, two
peaks with the equal intensities characteristic for oxida-
tion of the corresponding monometallic complexes are
observed at 1.13 and 1.22 V (for M=Rh and Ir,
respectively). Additionally, a new oxidation peak corre-
sponding to the oxidation of heterobimetallic complex
is observed at 0.95 V. The monometallic products can
be formed either by a dissociation of the starting
bimetallic complex or directly in the oxidation stage
due to a dissociation of a radical cationic product. The

Scheme 3.
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Fig. 7. Cyclic voltammogram of the reduction of complex
(C60)HIr(CO)(PPh3)2 or a mixture of C60 and HIr(CO)(PPh3)3 (1:1).

If so, an oxidation of bimetallic complex (Cn)-
[MH(CO)(PPh3)2]2 (in the first case) or oxidation of the
metal-containing HM(CO)(PPh3)2(THF) fragment (in
the second case) would be detectable in the anodic part
of the CVs. However, these peaks are not actually
observed. Thus, appearance of the reduction peaks
F2–F5 following peaks K1–K3 indicates that the reduced
forms of the complexes partially dissociate to form
corresponding fullerene anions and the solvated metal-
containing particles HM(CO)(PPh3)2(THF), as shown
in Scheme 4.

2(Cn)MH(CO)(PPh3) = Cn+ (Cn)[MH(CO)(PPh3)2]2
(1)

(Cn)MH(CO)(PPh3)2 =
THF

Cn+HM(CO)(PPh3)2·(THF)
(2)

The formation of HM(CO)(PPh3)2(THF) complexes
in the reduction is confirmed by the existence of the
reversible oxidation peak at the characteristic potentials
(0.38 and 0.35 V for M=Ir and Rh, respectively) upon
reversing the scan.

2.4.2.2. Bimetallic complexes. Cyclic voltammograms
of diiridium derivatives of both fullerenes (Cn)-
[IrH(CO)(PPh3)2]2 (Fig. 9 and Fig. 8(b)) contain a
reversible peak M (at −0.90 and −0.95 V for 6,
n=60 and 9, n=70, respectively). This peak was at-
tributed to the reduction of the complexes to the corre-
sponding radical anions. Then peaks K2, F3, K3, and F4

are observed, whereas peak K1 of the reduction of
neutral monoiridium complex (Cn)IrH(CO)(PPh3)2 is
absent. This indicates that only the radical anions (and
not the bimetallic complexes) dissociate by the elimina-
tion of one metallofragment to give the corresponding
monometallic radical anions. In their turn, all the above
radical anions are further reduced according to Scheme
4 (peaks K2 and K3).

Fig. 8. Cyclic voltammograms of the reduction of mixtures of C70 and
HIr(CO)(PPh3)3, 1:1 (a), 1:2 (b).

Scheme 4.

Fig. 9. Cyclic voltammogram of reduction of complex
(C60)[HIr(CO)(PPh3)2]2 or a mixture of C60 and HIr(CO)(PPh3)3

(1:2).

stance, the overlap of the K3 and F4 peaks. It is
unlikely that the F2–F5 peaks of the reduction of free
fullerene may appear as a result of disproportionation
of the complexes 1–4 (Eq. (1)) (similarly to the process
described in Ref. [3]) or due to dissociation of the
complexes under study in solution (Eq. (2)) (as was
observed for complexes of C60 with Pt, Pd, and Ni [1]).
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Generally, it may be said that the reduction of the
mixed rhodium–iridium C60 bimetallic complex 7
oc-curs similarly to the reduction of the diiridium com-
plex, and the radical anion formed (peak M) dissociates
with the selective elimination of the rhodium-containing
fragment. At the same time, it should be noted that a
small peak K1 corresponding to a reduction of neutral
(C60)IrH(CO)(PPh3)2 is observed on the CV, which
indicates that the bimetallic complex is partially dissoci-
ated with the elimination of the same rhodium-contain-
ing fragment. This fact is also confirmed by NMR
spectroscopy (see above).

In the case of dirhodium derivatives of both fuller-
enes 5 and 8, rather large peaks K1 corresponding to
the reduction of (Cn)RhH(CO)(PPh3)2 radical anions
are observed, while peak M is almost coincident with
the peaks K2 and F2. This confirms the conclusion made
from the analysis of the anodic part of their CVs, that
dirhodium complexes dissociate considerably in
solution.

3. Conclusions

The interaction between fullerenes C60 or C70 and
hydride complexes of rhodium and iridium HM-
(CO)(PPh3)3 taken in a 1:1 molar ratio occurs with high
stereo- and regioselectivity to form exohedral
organometallic derivatives in which the transition-metal
atom is attached to the fullerene cage at the 1�2 bond
in the h2-fashion.

The attachment of the second organometallic frag-
ment to the fullerene cage of monometallic complexes
results in the formation of corresponding homo- and
heteronuclear bimetallic complexes. The latter (in the
case of iridium derivatives) do not dissociate in solution
and exist as a mixture of at least five positional isomers
(from eight of those theoretically possible for C60).

A comparative analysis of the redox potentials of the
studied complexes shows that the attachment of each
metallofragment to the fullerene cage causes negative
shifts of oxidation potentials by 0.2–0.3 V and the
same shifts of ca. 0.3 V for the potentials of reduction
to monoradical anion.

Both mono- and bimetallic derivatives of fullerenes
C60 and C70 with the same metal-containing moiety
exhibit nearly identical electrochemical patterns. This
fact allows it to be suggested that the electronic pertur-
bations, due to a pyramidalization of the carbon atoms
bonded to the transition-metal atom and the corre-
sponding transfer of the electron density from the metal
atom to fullerene cage have a local character and do
not result in a notable redistribution of the electron
density in the rest of the molecule.

4. Experimental

All experiments were carried out under an atmo-
sphere of dry oxygen-free argon in deoxygenation solu-
tion. The procedures for synthesis of compounds 1–4
and their characteristics were reported elsewhere [8,9].
Complexes 5, 8, and 9 were studied only in the electro-
chemical cell.

IR spectra were obtained on a Specord M80 spec-
trometer. 1H-NMR spectra (400.3 MHz) and 31P-{1H}-
NMR spectra (160.02 MHz) were recorded on a Bruker
AMX-400 spectrometer relative to TMS (internal stan-
dard) and 85% H3PO4 (external standard), respectively.

Electrochemical measurements were performed using
a PI-50-1 potentiostat. A glassy-carbon electrode (S=2
mm2), a platinum plate, and a saturated calomel elec-
trode (SCE) were used as the working electrode, the
auxiliary electrode, and the reference electrode, respec-
tively. Bu4NBF4 (0.2 M) was used as the supporting
electrolyte, and a ferrocene–ferrocenium pair (E°=
0.40 V) was applied as the internal standard. The rate
of the potential scan was 200 mV s−1.

4.1. Preparation of (C60)[IrH(CO)(PPh3)2]2 (6)

4.1.1. Procedure A
HIr(CO)(PPh3)3 (8.5 mg, 0.0085 mmol) was added to

a solution of C60 (6.0 mg, 0.0083 mmol) in toluene (5
ml), and the mixture was stirred at room temperature
(r.t.). After 2 h, extra 8.5 mg of the iridium complex
was added, the mixture was additionally stirred for 4 h,
and the product was precipitated with methanol (20
ml). The reaction mixture was allowed to stay
overnight. The residue was separated, washed with
methanol, and dried in vacuo to obtain complex 6 (15.0
mg, 82%).

4.1.2. Procedure B
A solution of HIr(CO)(PPh3)3 (20.0 mg, 0.02 mmol)

in benzene (1 ml) was added to a solution of monoirid-
ium complex of C60 (2) (30.0 mg, 0.02 mmol) in ben-
zene (9 ml), and the mixture was stirred at r.t. After 45
min, methanol (30 ml) and pentane (50 ml) were succes-
sively added. The residue was filtered off, washed with
pentane, and dried in vacuo to obtain complex 6 (26.5
mg, 60%) as a nearly black powder. 1H-NMR (THF-
d8), d (ppm): −9.00 (t, 2JPH=17 Hz), −9.025 (t,
2JPH=17 Hz), −9.03 (t, 2JPH=17 Hz), −9.26 (t,
2JPH=17 Hz), −9.30 (t, 2JPH=17 Hz), −9.32 (t,
2JPH=17 Hz), −9.40 (t, 2JPH=17 Hz), −9.41 (t,
2JPH=17 Hz), −9.46 (t, 2JPH=17 Hz), −9.49 (t,
2JPH=17 Hz), −9.525 (t, 2JPH=17 Hz), −9.53 (t,
2JPH=17 Hz), −9.56 (t, 2JPH=17 Hz), −9.57 (t,
2JPH=17 Hz), −9.80 (t, 2JPH=17 Hz). 31P-{1H}-



A.V. Usato6 et al. / Journal of Organometallic Chemistry 599 (2000) 87–9696

NMR (THF-d8), d (ppm): 8.4–14.1. IR (KBr), n

(cm−1): 1983 (CO), 2102 (IrH). Anal. Calc. for
C134H62O2P4Ir2: C, 72.75; H, 2.82; P, 5.60%. Found:
C, 71.72; H, 2.66; P, 5.04%.

4.2. Preparation of (C60)[RhH(CO)(PPh3)2]-
[IrH(CO)(PPh3)2] (7)

A solution of HIr(CO)(PPh3)3 (20.0 mg, 0.02 mmol)
in benzene (1 ml) was added to a solution of
monorhodium complex of C60 (1) (28 mg, 0.02 mmol)
in benzene (9 ml), and the mixture was stirred at r.t.
After 90 min, methanol (20 ml) and pentane (20 ml)
were successively added. The residue was filtered off,
washed with methanol and pentane, and dried in
vacuo to obtain complex 7 (30.0 mg, 71%) as a nearly
black powder. IR (KBr), n (cm−1): 1981 (CO), 2055
(RhH), 2099 (IrH). Anal. Calc. for C134H62O2P4RhIr:
C, 75.81; H, 2.94; P, 5.84%. Found: C, 75.59; H, 2.97;
P, 5.01%.

Acknowledgements

This work was supported by the Russian Founda-
tion for Basic Research (Grant No 99-03-32893), the
Russian State Research Program ‘Fullerenes and
Atomic Clusters’ (Project 4-1-98), and the Sub-Pro-
gram ‘Fundamental Problems of Modern Chemistry’
(Project 9.4.06).

References

[1] S.A. Lerke, B.A. Parkinson, D.H. Evans, P.J. Fagan, J. Am.
Chem. Soc. 114 (1992) 7807.

[2] R.S. Koefod, C. Xu, W. Lu, J.R. Shapley, M.G. Hill, K.R.
Mann, J. Phys. Chem. 96 (1992) 2928.

[3] T.V. Magdesieva, V.V. Bashilov, S.I. Gorel%skii, V.I. Sokolov,
K.P. Butin, Izv. Akad. Nauk, Ser. Khim. (1994) 2153 (Russ.
Chem. Bull. 43 (1994) 2034 (Engl. Transl.)).

[4] H.-F. Hsu, J.R. Shapley, in: R.S. Ruoff, K.M. Kadish (Eds.),
Fullerenes: Recent Advances in the Chemistry and Physics of
Fullerenes and Related Materials, vol. 95–10, Electrochemical
Society Proceedings, Pennington, NJ, 1995, p. 1087.

[5] J.T. Park, J.-J. Cho, H. Song, C.-S. Jun, Y. Son, J. Kwak, Inorg.
Chem. 36 (1997) 2698.

[6] D. Dubois, K.M. Kadish, S. Flanagan, L.J. Wilson, J. Am.
Chem. Soc. 113 (1991) 7773.

[7] L.I. Denisovich, S.M. Peregudova, A.V. Usatov, A.L. Sigan,
Y.N. Novikov, Izv. Akad. Nauk, Ser. Khim. (1997) 1308 (Russ.
Chem. Bull. 46 (1997) 1251 (Engl. Transl.)).

[8] (a) A.V. Usatov, A.L. Blumenfeld, E.V. Vorontsov, L.E. Vino-
gradova, Y.N. Novikov, Mendeleev Commun. (1993) 229. (b)
A.V. Usatov, E.V. Vorontsov, L.E. Vinogradova, Y.N.
Novikov, Izv. Akad. Nauk, Ser. Khim. (1994) 1661 (Russ.
Chem. Bull. 43 (1994) 1526 (Engl. Transl.)).

[9] A.V. Usatov, K.N. Kudin, E.V. Vorontsov, L.E. Vinogradova,
Y.N. Novikov, J. Organomet. Chem. 522 (1996) 147.

[10] (a) A.L. Balch, J.W. Lee, B.C. Noll, M.M. Olmstead, Inorg.
Chem. 32 (1993) 3577. (b) S. Schreiner, T.N. Gallaher, H.K.
Parsons, Inorg. Chem. 33 (1994) 3021.

[11] M.L.H. Green, A.H.H. Stephens, J.F.C. Turner, J. Chem. Soc.
Chem. Commun. (1993) 1522.

[12] E.L. Muetterties, Transition Metal Hydrides, vol. 1, Marcel
Dekker, New York, 1971.

[13] A.L. Balch, M.M. Olmstead, Chem. Rev. 98 (1998) 2123.
[14] P.J. Fagan, J.C. Calabrese, B. Malone, Acc. Chem. Res. 25

(1992) 134.
[15] F. Diederich, C. Thilgen, Science 271 (1996) 317.
[16] G. Pilloni, G. Schiavon, G. Zotti, S. Zecchin, J. Organomet.

Chem. 134 (1977) 305.

.


