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In recent years the organometallic chemistry of, @as
attracted much attention concerning the effect of metal coor-
dination on the physical and chemical properties gf.’CThe
electrochemistry of g itself has been extensively studied, and
free Gyo is known to be a fairly electronegative carbon cluster
being reducible up to &°.2 However, little is known about
the electrochemical properties of organometalligdgrivatives,
although a few examples have appeared f8rQgH-)Ir(CO)-
(7*Ce0)® and [(EtPYM]n(1*Cso) (M = Ni, Pd, Pt;n = 1-4)
complexes, which revealedglocalized sequential reductions.
Some of us have recently characterizegh-tiosmium com-
plexes; Os(CON1(n%-Cso) (1),° Os(CO)o(PPR)(17%-Coo) (2),
and Os(COX(PPh)x(7%-Ceo) (3). We herein report cyclic
voltammetric and IR spectroelectrochemical studies of com-
plexesl—3, which provide the first examples of ag@mediated
electron transfer to the metal centers.

Typical cyclic voltammograms (CV’s) and proposed overall
electrochemical pathways df are shown in Figure 1 and
Scheme 1, respectively. Half-wave potenti@g) of 1—3 and
other known Gy complexes are summarized in Table 1. The
fast scan CV (a) exhibits two reversible reduction waves;at
—1.08 and—1.31 V. The first reduction wave &, =
—1.08 V of 1 is slightly more negative than that of freedGat
—1.05 V, which is consistent with the metal-tedCr-back-
donation as was shown in other previoug-@etal complexest
(see Table 1). The direct metal center reductions a{@3),

(4) and Og(CO)(n2-dmfu) (5, dmfu = transMeOQ,CHC=
CHCO:Me) have been observed at far more negative potentials,
—2.02 V for4and—1.71 V for5 under conditions identical to
those forl. These results indicate that reductionloby one
electron occurgia the coordinated g ligand. However, the
second reduction wave atl.31 V unusually appears at a more
positive potential than that of the freedat —1.41 V. If an
electron inl~ is localized at the € ligand, the second reduction
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(6) A single-crystal structure df-CH,Cl, has been obtained and will be
reported elsewhere. Thg-Cqligand occupies an equatorial position.
(7) (a) The fumarate ligand has been proposed to have a similar electron-
withdrawing property to that of freeggby Shapley and co-workers:
Shapley, J. R.; Du, Y.; Koefod, R. ®roceedings of Korea-U.S.
Inorganic Chemistry Conferenc#993, 9. (b) Comple8: 'H NMR
(CDCls, 25°C) ¢ 3.87 (d, 1H,2J4y = 8.9 Hz), 3.78 (s, 3H), 3.69 (s,
3H), 3.61 (d, 1H3Jun = 8.9 Hz); IR (GH1p) »(CO) 2123 (m), 2070
(s), 2065 (sh), 2037 (vs), 2017 (s), 2005 (m), 1991 (w), 1967 (vw)
cmL
This unknown oxidation peak shifts to more positive potentials at
intermediate scan rates and finally merges into a single peak with the
Cso ™ peak at—1.02 V. Note that the peak current 08¢ in the
CV (c) is larger than those ofd~/~ and Go* 2~ owing to the merger
of the two oxidation peaks.
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Figure 1. Cyclic voltammograms ofl at a platinum electrode (1.6
mm diameter disk) in a dry deoxygenated mixed solvent (0.1 [(
Bu)4N]CIOg4in 4:1 dichloromethane (DMjtoluene (Tol)): E; = —1.42

V for (a) and (b),—2.22 V for (c) and (d); scan rate 20.48 V/s for
(a) and (c), 0.10 V/s for (b) and (d). A péaikdicated by® is due to
an irreversible oxidation of either g{€O);~ or an unknown species
derived from Og(CO),;~.
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* The electron-localized moiety 0s3(CO);,”
potential should be also more negative than that of frege C
This unusual opposite potential shift suggests that the electron
density of the G ligand in anionl~ is less than that of free
Cso . This implies that the first electron accepted the Go
ligand in1~ is delocalized to the triosmium center with its strong
m-acid carbonyl ligands (see Scheme 1). Anionic speties
with electron delocalization to the osmium center, therefore,
undergoes easier reductioia the Gy ligand than free g~ to
afford12~. Specied?~ undergoes slow decomposition, because
the slow scan CV (b) reveals only one oxidation peak 4102
V which is attributed to the oxidation of frees&.

The CV's of (c) and (d) in Figure 1 at the two different scan
rates have been recorded by changing the switching potential
from —1.42 to—2.22 V to study further stepwise reductions of
1. The reduction peak af2~/3~ is observed at a potential of
—1.61 V in the fast scan CV (c), while it is not observable in
the slow scan CV (d), in which cagé™ has already decomposed
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Table 1. Half-Wave PotentialsE/, Vs E°reret) of Coo and M@>-Cgo) Complexed

complex Ey 0t Eqpp Y2 Eypp 23 solvent ref
Ceo —1.05 (-1.08) —1.41 (-1.44) —1.87 (-1.90) DM/Tol c
1 —-1.08 (-1.12) —1.31(-1.34) b (—1.61) DM/Tol c
2 ~1.16 (-1.18) —1.44 (-1.49) b (—1.68) DM/Tol c
3 —1.19 (-1.21) —~1.53 (-1.56) b (—1.76) DM/Tol c
Cso —1.00 —-1.39 —-1.81 DM 3
Ir(375-CgH7)(CO) (7% Ceo) —1.08 —-1.43 DM 3
Cso —0.86 —1.44 —2.00 THF 4
(EtsP)Pt(?Ceo) -1.20 -1.73 —-2.27 THF 4
(EtsP)Pd(7%-Cso) -1.18 ~1.69 -2.23 THF 4
(EtaP)Ni(5*Ce0) -1.20 -1.74 -2.32 THF 4

2The cathodic peak potentialEg) at the scan rate of 20.48 V/s are in parentheself-wave potentials could not be obtained due to very fast

decomposition ofl3~ — 33-, ¢ This work.

producing Gy~ and Og(CO)1~ as shown in eq 1 of Scheme
1. The other two possible decomposition pathwayslbf
producing Gg" (n = 0, —2) are excluded on the basis of the
current intensity ratioqa. 1:1) of the peaks due tb~/2~ and
Cs0 27 in CV (d). Inthe slow scan CV (d), al>~ decomposed
to generate free £, which is responsible for both the third
reduction peak (65/27) at —1.44 V and the fourth reduction
peak (Go>37) at —1.90 V. The fourth reduction peak at a
potential of—1.90 V is observed for both slow and fast scan
rates, which is due to the reduction o€ to Cso®~ and is
indicative of fast decomposition df~. Decomposition ofi3~
to Geo*~ and Og(CO) 1~ appears to be the predominant pathway
as shown in eq 2 of Scheme 1. A similar analogy to the
previous decomposition mechanismi3f excludes the other
three possible decomposition pathways B¥ producing
Os(COx™ (n = 0, 2, 3). Furthermore, the fact that the
reduction 1.61 V) of 12~ is much easier than that-(.90 V)
of Cge?~ strongly supports the conclusion that the electron
density in12~ is also delocalized to the triosmium center (see
Scheme 1). The three oxidation peaks at potentiats B3,
—1.38, and—1.02 V in both CV’s of (c) and (d) are due to the
three stepwise oxidation of¢g8~ back to Go.

The cyclic voltammetric data & and3 are listed in Table
1. The first reduction potentials of both and 3 have been
observed shifted to more negative potentials relativé tay

0.08 and 0.11 V, respectively, reflecting the electron-donating

ably, because of the instability df- during the spectroelec-
trochemical experiment. Nevertheless the general features of
the IR spectrum ofl~ are similar tol but shifted to lower
energies compared to that &f In order to obtain a clear IR
spectrum ofL™, complex6 has been prepared and characterized.
The carbonyl region IR spectrum 6fis now well defined and
quite similar to that ofL~. The carbonyl bands & are also
shifted to lower energies lga. 40—50 cnT! compared to those
of 1[2123 (s), 2076 (s), 2058 (m), 2038 (vs), 2015 (m), 2005
(m) cnr! in THF], reflecting the electron density i~ is
localized at the metal centers. Reduction of triosmium carbonyl
complexes by one electron typically results in a change:ih
on the order of~50 cnT .10 If an electron is localized on the
Ceo ligand, a small shift invco (~10 cnT?) is expected. The
IR spectroelectrochemical study &f reveals a similar change
but very poorly defined spectrum, and thus an electron transfer
mechanism analogous to thatbf seems to occur. However,
the IR spectrum o8~ during the spectroelectrochemical study
remains the same as that®f This observation, together with
the CV data, indicates that appreciable electron delocalization
takes place only after the second reductio dfie to the donor
effect of the two phosphine ligands. The IR spectroelectro-
chemical data of the dianions—3 could not be obtained,
because reductions df-3 at a potential just negative of the
respective second wave resulted in extensive decompoéition.
In conclusion, we have demonstrated that @-i@ediated

nature of the phosphine ligands. The second reduction potentialselectron transfer to the metal center takes placesiFti@smium

of 2 and3 are more negative than that of fregoC The third
reduction peak potentials of both(—1.68 V) and3 (—1.76 V)
are more positive than that of free;dd—1.90 V), revealing
that a similar Gy-mediated electron transfer occurs in these
complexes.

Definitive evidence for the §g-mediated electron transfer to

the triosmium center was obtained by both an IR spectroelec-

trochemical study of and characterizatidrof [NiCp's] 71~ (6,
Cp = 15-CsMes). The IR spectrum ofl~ obtained by the IR

spectroelectrochemical study is rather poorly defined, presum-

(9) (a) The synthesis and structure of [NIgp[Ceq) ~ have been recently
reported: Wan, W. C.;Liu, X.; Sweeney, G. M.; Broderick, W.JE.
Am. Chem. Sod.995 117, 9580. (b) Comple6: *H NMR (THF-ds,
24°C) 6 105.0 (br, s); IR (THFy(CO) 2073 (s), 2029 (s), 1994 (vs),
1986 (sh), 1973 (m), 1949 (m) crh Anal. Calcd for GiH30011-
NiOsz: C, 56.68; H, 1.57. Found C, 56.13; H 1.76. (c) Note that the
methyl proton resonance) (105.0) of paramagneti6 is shifted
downfield by ca. 140 ppm compared to that of GNi (0 244.6),
implying the monocationic nature of [NiGh*.

carbonyl complexed,—3, which may afford a possible electron

transfer pathway in g-derived materials. Intense efforts are
currently underway in our laboratory to explore the electron
transfer mechanism indgtriosmium complexes.

Acknowledgment. We are grateful to both the Korea Science
and Engineering Foundation and the Korea Advanced Institute
of Science and Technology for financial support of this research.

Supporting Information Available: Summaries of both cyclic
voltammetric and IR spectroelectrochemical experiment$ ahd a
figure showing both IR spectra df obtained by an IR spectroelec-
trochemical study ofl and from complex6 (2 pages). Ordering
information is given on any current masthead page.

1C961504U

(10) (a) Eady, C. R.; Johnson, B. F. G.; Lewis, J.; Malatesta, MJ.C.
Chem. Soc., Dalton Tran§978 1358. (b) Nagel, C. C.; Bricker, J.
C.; Alway, D. G.; Shore, S. Gl. Organomet. Chen1981, 219, C9.



