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Coordination chemistry is greatly dominated by the transition
metal complexes featuring cyclic polyene ligands, such as cyclo-
propenyls 73-C3R3, cyclobutadienes 77*-C4Ry, cyclopentadienyls -
CsRs, arenes 7°-Cy4Rg, cycloheptatrienyls 177-C;R5, cyclooctatetraenes
73-CgRg, etc." Among them, complexes with cyclopentadienyl
ligands are most abundant. One can recall milestone metallocenes
known since the synthesis of ferrocene (17°-HsCs),Fe by Kelly and
Pauson in 1951.% Apart from fascinating structures and nonclassical
bonding modes, sandwich metallocenes as well as cyclopentadienyl
half-sandwich complexes have found widespread utilization in
material science: asymmetric catalysis, polymerization of alkenes,
and fluorescent materials.> Analogues of metallocenes with the
heavy group 14 elements (Si, Ge) in the cyclopentadienyl ring are
particularly challenging because of the novel physicochemical
properties anticipated upon the introduction of metalloid elements.
However, until now, only a few compounds of such type based on
the group 4, 5, and 8 transition metals have been isolated, including
ruthenocenes and ferrocene featuring sila- and germacyclopenta-
dienyl ligands.* We have also contributed to the field with the recent
report on the synthesis of a heavy analogue of ferrocene with a
disilagermacyclopentadienyl ligand.”> In this contribution, we
describe the synthesis of two complexes featuring a novel trisila-
cyclopentadienyl ligand: Rh half-sandwich (piano-stool) and Ru
sandwich (ruthenocene). The former is particularly important, being
the first group 9 metal complex with the heavy cyclopentadienyl
ligand and the first heavy cyclopentadienyl complex of half-
sandwich type.

Stoichiometric ligand exchange between the recently prepared
lithium salt of trisilacyclopentadienide derivative 17 [Li*(thf)]° and
(acac)dicarbonylrhodium Rh(CO),(acac) in toluene resulted in
formation of the desired (trisilacyclopentadienyl)dicarbonylrhodium
2, isolated as air- and moisture-sensitive orange crystals in 47%
yield (Scheme 1).”
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Figure 1. ORTEP drawing of 2 (30% probability level). Hydrogen atoms
are omitted for clarity. Selected bond lengths (A): Si1—Si2 = 2.2294(8),
Si2—Si3 = 2.2807(8), Sil—C2 = 1.871(2), Si3—C1 = 1.857(2), C1—-C2
= 1.413(3), Sil—Si4 = 2.3864(8), Si2—Si5 = 2.3821(8), Si3—Si6 =
2.4001(8), Rh1—Sil = 2.5231(6), Rh1—Si2 = 2.6845(6), Rh1-Si3 =
2.4806(6), Rh1—C1 = 2.371(2), Rh1—C2 = 2.323(2), Rh1—C34 =
1.900(2), Rh1—C35 = 1.873(2), C34—01 = 1.141(3), C35—02 = 1.147(3).
Selected bond angles (deg): C2—Sil—Si2 = 102.74(7), Sil—Si2—Si3 =
93.22(3), Si2—Si3—C1 = 103.99(7), Si3—C1—C2 = 117.58(15), C1—C2—Sil
= 122.41(15), C34—Rh1—C35 = 97.78(10), O1—C34—Rhl = 176.7(2),
02—C35—Rhl = 176.9(2).

Spectral characteristics of 2 are noteworthy. First of all, all
skeletal atoms in 2 were remarkably shielded compared with
those of the starting 1 e[Li*(thf)]: 124.4 vs 159.6 ppm
(=C—C—), —67.6 vs 22.0 ppm (—Si—Si—Si—), 24.7 vs 29.9
ppm (broad, —Si—Si—Si—).%° Although the 'Jq,—c coupling
constant for the skeletal carbons of 4.7 Hz in 2 was comparable
with that of [(17>-MesCs)Rh(CO),] (101.7 ppm, 3.5 Hz),'® the
magnitude of the Rh—Si coupling ("Jrp—-si = 7.1 Hz) in 2 was
smaller than those of known silyl-rhodium complexes (15—48
Hz),'! evidently because of the higher hapticity of coordination
in 2. The shielding of ring carbons and silicons taking place
upon complexation, as well as observation of coupling to the
Rh center, provides clear evidence for the appreciable delocal-
ization of the 6sr-electrons over the Si;C, ring and its pentahap-
tocoordination to the Rh center.'? On the other hand, shielding
of skeletal atoms is indicative of strong Si;C,—ligand < 5d(Rh)
m-back-donation (d-bonding), supportive of the high electron-
accepting properties of the heavy cyclopentadienyl ligand. The
resonance of the carbonyl carbons was observed at 199.4 ppm
as a doublet with a 'Jr—c coupling constant of 76.5 Hz, a value
smaller than that in [(77°-MesCs)Rh(CO),] (195.4 ppm,IJRhfc =
83.2 Hz),'® implying weaker Rh—CO back-bonding in 2."*

The crystal structure of 2 is shown in Figure 1.” Remarkable
cyclic m-delocalization within the Si3C, heavy cyclopentadienyl
ligand was manifested in its diagnostic pentahaptocoordination to
the Rh atom. The values of all skeletal bond lengths were

10.1021/ja9038664 CCC: $40.75 © 2009 American Chemical Society



COMMUNICATIONS

intermediate between those of the normal single and double bonds:
Sil—Si2 = 2.2294(8), Si2—Si3 = 2.2807(8), Si3—C1 = 1.857(2),
Sil—C2 = 1.871(2), C1—C2 = 1.413(3) A. They were comparable
with those of the previously reported ‘Bu,C=0-coordinated lithium
trisilacyclopentadienide 1™ ¢[Li"(O=C'Bu,)],® which was classified
as Om-electron aromatics: Sil—Si2 = 2.2508(10), Si2—Si3 =
2.2438(10), Si3—C1 = 1.844(3), Sil—C2 = 1.829(3), C1—C2 =
1.418(4) A. Complexation of the trisilacyclopentadienyl ligand to
the transition metal in 2 resulted in a significant flattening of the
five-membered ring, which was even more pronounced than that
of the lithium salt 17¢[Lit(O=C"Bu,)]° (the sum of the interior
bond angles: 539.9° vs 538.5°). Accordingly, the geometry around
all skeletal atoms in 2 is almost perfectly planar (the sum of the
bond angles): Sil (359.6°), Si2 (359.2°), Si3 (359.3°), C1 (359.9°),
C2 (360.0°). Interestingly, the Si2—Si3 and Sil—C2 bonds in 2
are slightly longer than the Sil—Si2 and Si3—C1 bonds. Such
distortions, resulting in the departure of the SisC, ring from the
expected pentagonal geometry of C,-symmetry, apparently stem
from the staggered conformation of the CO ligands in 2, in which
Si2—Si3 and Sil—C2 bonds are superimposed by carbonyl groups
(angle between the Rh1—Si2—Si5 plane and O1—C34—Rhl—
C35—02 mean plane = 56.3°) (Figure 2). The staggered conforma-
tion of the CO groups may result from their appreciable steric
interplay with the bulky ‘Bu,MeSi substituents.'* In contrast, in
the model compound [773-(Me3Si);Si;C,Me,]Rh(CO), 2/, the con-
formation of the CO ligands is eclipsed (89.9°), thus reflecting the
remarkably smaller steric bulk of the Me;Si groups.
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Figure 2. Conformation of the CO ligands in exptl 2 and calcd 2".

The utility of SizC, as a novel ligand was further demonstrated
by the reaction of 1 ¢[Li™(thf)]® with 0.25 equiv of [Cp*RuCl],
(Cp* = 1°-CsMes) to produce the heavy analogue of ruthenocene
Cp*Ru[7’-('Bu,MeSi);Si;C,Et,] 3, isolated as yellow crystals in
35% yield (Scheme 1).” The resonances of the skeletal atoms in
sandwich complex 3 (—76.4 ppm for —Si—Si—Si—, —2.2 ppm for
—8i—Si—Si—, 94.4 ppm for —C—C—)"'® were observed at higher
fields than those of half-sandwich 2 because of the pronounced
m-donating effect of the Cp* ligand compared with the high
m-acidity of the CO groups. Preliminary crystal structure analysis
of 3 revealed its sandwich-type composition with both five-
membered rings being planar (and coplanar with each other) and
with characteristic 7*-coordination to the Ru atom.'® As is typical
for Cp*-metallocenes,'” the conformation of both the Cp* and Si;C,
rings is staggered.

The CV measurement of 3 revealed an irreversible oxidation
wave at E(ox) = —0.30 V (vs Ag/Ag", CH,Cl,, 0.1 M ["BuyN]-
ClO,), whereas the parent decamethylruthenocene Cp*,Ru displayed
a reversible oxidation wave at +0.18 V under the same measure-
ment conditions.'® The remarkably low oxidation potential of 3

compared with that of Cp*,Ru suggests that the novel heavy
cyclopentadienyl ligand Si;C, is an excellent electron donor, even
surpassing such a powerful zz-donor as the Cp* group.
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