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of the enzyme to the electrode surface gained by a covalent link.
Combination of covalent bonding of the enzyme via the biotin/
avidin/biotin link described previously® with our smaller electrodes®
might provide response times approaching or less than the 100-ms
mark.
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(8) The total tip diameters of these electrodes range from 2 to 10 um;
however, the thickness of the electroactive ring has been estimated by scanning
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The pentamethylcyclopentadienyl ligand is one of the most
broadly utilized ligands in organometallic chemistry.! This
moiety has been complexed to nearly all of the metals in the
periodic table, as well as to some non-metals, and the resulting
compounds have been investigated extensively. All of these studies
have involved molecules containing one or two pentamethyl-
cyclopentadienyl ligands per metal. In no case has a tris(pen-
tamethylcyclopentadienyl) complex been observed, nor was it
expected. Due to the large size of the C;sMe; ligand, it has been
assumed that only two CsMes groups can coordinate to a single
metal atom even for metals as large as the actinides* We report
here the synthesis and structure of the first example of a (n°-
CsMe;s);M complex.

As part of our studies of the reactivity of the bent Sm(II)
metallocene, (CsMe;),Sm (1), with unsaturated hydrocarbon
substrates,”® we examined the reaction of 1 with cyclooctatetraene.
On the basis of the strong reduction potential of 1,29 formation
of a complex containing the CgHg? dianion was expected.
However, the reaction generated two organosamarium products,
a red and an orange complex which were separable by sublima-
tion.!® The less soluble and less volatile red product was identified
by X-ray crystallography'! as the tris(pentamethylcyclo-
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Figure 1. Molecular structure of (CsMes);Sm (2) with probability el-
lipsoids drawn at the 50% level.

pentadienyl) complex, (#°-CsMe;),Sm (2)!? (Figure 1). Ele-
mental, chemical, and spectroscopic analysis!? of the more volatile
orange product was consistent with the expected (CsMe;s)Sm-
(CgHs) (3). The THF adduct of 3, (CsMes)Sm(CgHg)(THF),
had been previously reported, but since it could not be desolvated,'4
this is the first synthesis of 3. The stoichiometry of the overall
reaction, which occurs immediately upon mixing the reagents in
toluene, is shown in eq 1.

2(CsMej),Sm + 1,3,5,7-CyHy —
1
(CsMezs)asm + (CsMes)gm(CsHs) (1)

Complex 2 crystallizes in space group P6;/m with crystallo-
graphic 6 symmetry at the samarium center. The trigonal co-
ordination geometry around samarium, which is obviously optimal
for the three large ligands, is similar to that found in (CoH,);Sm,16
[(Me,Si),CsH,],Sm,!” and Y(OC4H,'Bu,-2,6),,'8 but contrasts
with the pyramidal structures found for the complexes Ln[N-
(SiMe3)2]3,l9 La[cH(SiMeg)2]3,2° and CC(OCGH3tBu2-2,6)3.21

The steric crowding in 2 leads to structural parameters that
are beyond the limits previously observed in other penta-
methylcyclopentadienyl lanthanide complexes. The average Sm—
C(CsMes) bond distance, 2.82 (5) A, is the longest observed for
a trivalent samarium complex,’ and the individual 2.910 (3) A
Sm—-C(1) distance is particularly large. The 120° (ring cen-
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Figure 2. Space-filling model of (CsMe;),Sm (2).

troid)-Sm—(ring centroid) angle is the smallest observed to date
between two pentamethylcyclopentadienyl ligands in lanthanide
complexes. Previously, the smallest observed angle, 127.0°, was
found in (CsMes),Sm(CsH;) and the usual range is 130-138°.7

The rings are oriented to minimize the steric interactions as
much as possible. The progression Sm—-C(1) > Sm-C(2) >
Sm—C(3) shows that each ring is tipped away from samarium such
that the Sm—(ring centroid)-C(1) angle, 94.7°, is larger than the
idealized 90° angle as well as the Sm—(ring centroid)-C(3) angle,
87.8°. The rings are oriented with respect to each other such that
the CsMe; carbon atom most distant from samarium in each ring
(C(1)) is closest to the ring carbon atoms least distant from
samarium in the next ring (the C(3)’s). The methyl groups are
bent away from the center of the molecule such that the methyl
carbon atoms lie out of the plane of the ring carbons by 0.17 (C(5))
t0 0.52 A (C(4)). These values can be compared to methyl group
disylacements of 0.09 to 0.31 A in other (CsMes),Ln complex-
es.?%2  This methyl group displacement causes the (ring cen-
troid)—C(ring)-C(methyl) angles to deviate from 180° and again
the angle involving C(4) is distorted most: Cn—C(1)-C(4), 162.3°;
Cn—C(2)-C(5), 171.1°; Cn—C(3)-C(6), 166.5°.2> These data
demonstrate further the remarkable flexibility of the (C;Mes),Sm
unit to accommodate different ligand sets.?*

The isolation of 2 has several implications for pentamethyl-
cyclopentadienyl chemistry, First, the existence of 2 implies that
a family of (CsMes);M complexes involving metals larger than
Sm?** should be sterically allowed. On the basis of Shannon radii,?
(CsMe;);M complexes may exist for M = La¥*, Ce?*, Pri*, Nd**,
Pm?*, Th**, and U*. Since it is unknown if Sm** provides the
limit in steric congestion in (CsMes);M complexes, it is possible
that tris(pentamethylcyclopentadienyl) complexes may exist for
smaller metals later in the lanthanide series, i.e., Eu* etc., as well
as for other metals such as Th**, e.g., in a complex of the type
[(CsMe;);Th]*. Obviously, synthetic pathways to these com-
pounds remain to be found.

The second implication involves the special reactivity of the
pentamethylcyclopentadienyl-Sm?* complexes.® In the past, the
chemistry of (CsMes),Sm(THF),_, complexes was differentiated
from that of other soluble Sm(II) complexes such as SmI,(TH-
F),, % [(Me;Si),N];Sm(THF),,”” and [(Me;,Si),CsH,];Sm(THF)"?
in that the latter complexes readily formed the tris(ligand) species
(e.g., in reactions with CO), whereas (CsMe;),Sm was not believed
to exist.* Although formation of tris(ligand) complexes may be
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more facile for ligands smaller than CsMes, eq 1 demonstrates
that (CsMes);Sm can form under mild reaction conditions. Hence,
the absence of ligand redistribution reactions leading to
(CsMe;),Sm cannot be a basis for the unusual chemistry observed.

Finally, despite the steric congestion in 2, which may imply
limited reactivity, (CsMes);M complexes may prove to have in-
teresting chemistry. As shown in the space-filling model (Figure
2), access to the metal center is available via a channel down the
6 axis which may allow reactions with cylindrically symmetrical
reagents of appropriate size. (CsMes);M complexes may also
provide an opportunity to study reactions involving CsMe;s ring
slippage. Studies in this direction are in progress.
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Construction of complex carbon structures with a high degree
of stereo- and regiocontrol, such as those in which the degree of
stereoselectivity and /or regioselectivity in each pertinent step is
=98-99%, continues to be a synthetic challenge. In putting to-
gether the carbon structures of triquinanes 1,' 2,12 3.3 and 4,4
one frequently employed strategy involving annulation of the C
ring onto the A-B bicyclic intermediates has been plagued by
either the difficulty in controlling the stereochemistry of the C-ring
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