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The first chromium pentalene complexes have been characterized;
in these the ligand displays a hitherto-unknown bonding mode
whereby a dimeric [Cr(Cp*)]2(u-OR) unit is bound (u:r%%?)- to
one face, and Cp*Cr is bound #° to the other. The magnetic
properties of these compounds can be understood as the
superposition of those of a chromocene and an antiferromagneti-
cally coupled Cr—Cr bonded unit.

The pentalene ligand has been used to form organometallic
complexes featuring a wide range of coordination geometries;
contemporary interest has been invigorated by the discovery
that the ligand can bind by folding all eight carbon atoms

toward a single metal atofrPrevious reports have described

dinuclear metatpentalene species, where the ligand is

complexed to two metal atoms in af¥/7°-mode, as seen
for homoleptic, “double-sandwich” molecufeand insyn
or anti-pentalene bridged complex&Binding of pentalene

that is fluxional between two and three metal fragments has

also been observed for a series gfgrinuclear ruthenium
carbonyl cluster moleculésWe report here the existence

of a new coordination mode whereby pentalene binds three

metal atoms in amnti-arrangement.
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Reaction of LjPrrxDME (Pn = pentalene, ¢Hs; DME
= 1,2-dimethoxyethane) with one equivalent of [Cr(Cp*)-
(u—C)]2 (Cp* = n>pentamethylcyclopentadienyBfforded
a dark red, highly air-sensitive crystalline compoufda
single-crystal X-ray diffraction stud§revealed thatl was
not the anticipated bimetallic specieise( [Cr(Cp*)]2Pn),
but instead had the novel trimetallic constitution shown in
Figure 1.

1is the first characterized chromiunpentalene compleX.
The structure shows it to be formed from two discrete metal-
containing units bridged by a planar pentalene group. One
unit consists of a (Cp*)Crfragment bound;®- to one face
of the ligand; Cr(1) is coordinated by five carbons in the
pentalene ring (C(HC(3), C(7), C(8)) with bond lengths
in this chromocene part unexceptional f& = 1 Cr
metallocene speciésThe other consists of a pentalene- and
methoxy-bridged [(Cp*)CH. dimer on the opposite face. Cr-
(2) and Cr(3) lie further than 2.90 A from the pentalene ring-

junction carbon atoms, and therefore this unit is coordinated

only by the three terminal atoms CHL(6); this geometry
is similar to the “butterfly”-like arrangement of chromium
atoms in dinuclear /(n%#n?-allyl complexe& and in the
structures of tris(indenyl)dichromium chloride and bis-

(5) Heintz, R. A.; Haggerty, B. S.; Wan, H.; Rheingold, A. L.; Theopold,
K. H. Angew. Chem., Int. Ed. Engl992 31, 10771079.

(6) (a) Crystal data fot: dark red, GoHs4Crs0, M = 694.82, monoclinic,
space group2,/n (No. 14),a = 12.1885(2) Ab = 20.5648(3) Ac
= 14.6298(2) A8 = 97.0320(10), V = 3639.44(9) &, T = 150(2)

K, Z= 4, F(000) = 1472,u = 0.907 mnmL. Data were collected in
the 6 range 3.42-27.49, 15067 reflections, 8257 uniquéR{ =
0.0203),R; = 0.0401, wR = 0.0989 forl > 20(l) with allowance
for thermal anisotropy of all non-hydrogen atoms. (b) Crystal data
for 2: dark red, GoHseCrs0, M = 708.87, triclinic, space groupl
(No. 2),a=10.6702(2) Ab = 12.2604(2) Ac = 16.0714(3) A

= 86.511(1), B = 77.575(1), y = 65.0582(8), V = 1860.7(6) &,

T = 150(2) K,Z = 2, F(000) = 752, = 0.889 mn1l. Data were
collected in thed range 5.16-27.35, 15634 reflections, 8298 unique
(Rnt = 0.0245),R; = 0.0586, wR = 0.1490 forl > 3o(l) with
allowance for thermal anisotropy of all non-hydrogen atoms.

(7) The synthesis of [Cr(allyd),Pn is mentioned in passing in ref 3a,
although no characterizing data are presented.

(8) (a) Flower, K. R.; Hitchcock, P. Bl. Organomet. Chen1996 507,
275-277. (b) Blumel, J.; Herker, M.; Hiller, W.; Kohler, F. H.
Organometallics1996 15, 3474-3476.

(9) (a) Aoki, T.; Furusaki, A.; Tomiie, Y.; Ono, K.; Tanaka, Bull. Chem.
Soc. Jpnl1969 42, 545-547. (b) Betz, P.; Dohring, A.; Emrich, R;
Goddard, R.; Jolly, P. W.; Kruger, C.; Romao, C. C.; Schonfelder, K.
U.; Tsay, Y.-H.Polyhedron1993 12, 2651-2662.

Inorganic Chemistry, Vol. 42, No. 24, 2003 7707



COMMUNICATION

Figure 2. “Cutaway” view of the molecular structure @fwith one Cp*

Fi 1. Molecul truct f1 with th | ellipsoids at 50%
igure olepdiar structure ot i erma’ S psolds & o ring and all Cr(3)-Cp* bonds removed, allowing the bridging OEt group

probability and all H atoms omitted for clarity. Selected bond distances

A] and angles [deg]: Cr(2}Cr(3) 2.4895(5), Cr(2}O—Cr(3) 79.66(6), clearly to be seen. Thermal ellipsoids are at 50% probability, and all H
E:r](Z)—C(4)gz.08[5(Zg)], Cr(z(-i-)C(S() ;.243(2),(&(3}(&)5) 2.30(122), Cr(C(i}) atoms have been omitted. Selected bond distances [A] and angles [deg]:
Cp* centroid 1.782, Cr(t)Pn five-membered ring centroid 1.778. (6), Cr(2)-C(5) 2.225(6), Cr(3yC(5) 2.267(6), Cr(3yC(6) 2.079(6),

Cr(2)—0(1) 1.944(4), Cr(3Y0(1) 1.954(4), Cr(1)}Cp* centroid 1.786, Cr-
. . S . 1)—Pn five-membered ri troid 1.783.
(indenyl)chromium (which is dimeric in the solid statg), (L)=Pn five-membered fing centrol

while the bridging alkoxy motif echoes that found for [Cr- gnthe Cp* rings is too great to permit formation of a metal
(Cp)(u-OCMey)]> and related complexé$The eight-electron  neta) hondedsynbimetallic analogous teyn{Cr(Cp)k(x:
pentalene ligand may thus be considered as binding 10,55 cyclooctatetraengwhile a possiblanti-bimetallic is
Cr(1) as a five-electron donor cyclopentadienyl-like unit perhaps too electron-poor for stability in the absence of such
while acting as a three-elec_tron bndgmg-all_yl-hke fragment 5 metar-metal bond. The trimetallic structure bfallows a
toward Cr(2) and Cr(3). This clear separation by pentalene greater electron count at each Cr atom to be achieved with
into two distinct ligand modes in the same complex iS o distinct Cr coordination environments. is stable in
unprecedented. It may be noted, however, Fhat mtermed|atesreﬂuxing THF; prolonged heating does not result in ther-
such as [(PnH)Fe(Pm)]presumably containif-Pn)-Fe  qysis of the dimeric Cr unit to give a bimetallic species.
coordination along with a reactive, unbound allyl anion  agtempted reaction of [Cr(Cp*)-Cl)]. with donor ligand-
center,” hencel may be viewed as the product of reaction  free |j,pn in THF does not produce a tractable product,
between a [(Cp*)Cr(Pn)Hike intermediate with [Cr(Cp*)-  gyggesting that the alkoxy group is necessary to stabilize
(#-X)]2 (where X is potentially either CI or OMe). Similar  {he structure and that the source of this bridging group is
reactivity of [Cr(Cp)f-OCMey)], with nucleophiles to give  pyg. Accordingly, reaction of [Cr(Cp*)-Cl)]. with the
ligand-bridged, dichromium cluster-like species has previ- 1,2-diethoxyethane adduct of bPn, LbPnxDEE, gives dark
ously been observed. red, very air-sensitive crystals 2fthe OEt-bridged analogue

Thg formation of trimetallicl, .rather than a bimetallic_ _of 1 (Figure 2). The coordination of the metal atoms by
species, was unexpected considering the reaction stoichipenalene i is essentially identical to that observed for
ometry; presumably steric repulsion between methyl groups 1 eb
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Figure 3. Plots ofym (x) andues (O) vsT for 1. The solid lines represent
the calculated values from a fit of the data using the expression in the text;
least-squares analysis affords= —356 cnt?l, g3 = 2.25,0 = —0.48 K

with g = 2.00, TIP = 0.00159 crd mol~L. For 2 a similar fit gives
parameters = —382 cn1?, g; = 2.21,0 = —0.86 K withg, = 2.00, TIP

= 0.00128 crd mol~2.

250 300 350

chromium atom inl and?2 a sixteen-electron configuration
(as in a chromocené).The existence of strong metaietal
interaction between Cr(2) and Cr(3) here is supported by
variable-temperature SQUID magnetometry, the results of
which are shown fod in Figure 3 (the magnetic behavior
of 2 is very similar). For both species, does not obey the
Curie law, the effective magnetic momept{ = v/(8ymT)

ug) steadily increasing with temperature from a value of ca.
3 us at 5 K. The magnetic moment of chromocene is
essentially temperature-independent between 12 and 300
and has a value of 3.0 at 300 K!8 The magnetism of
and?2 can be modeled successfully as the superposition of a

K

chromocene species and an antiferromagnetically coupled®™Y! and £

Cr', dimer unit; the experimental molar susceptibilities were
fitted to an expression combining a Curié/eiss term for
anS= 1 chromocene, together with a term describing two
antiferromagnetically couplefi = 1 centers (for which the
temperature dependence of the molar susceptibility may be
derived from the Heisenbergirac—van Vleck model with
spin HamiltonianH = —2J-5,°S,)'° and a correction for
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temperature-independent paramagnetism (TIP), shown below.
Satisfactory fits were obtained by least-squares analysis.
14+ 3eZJIkT+ 5e6J/kT)

(ZNAglzﬂBZ) (ZNAgzzﬂsz
TIP

3k(T — 0) KT

Theg-values for the Cr dimer unitg4) were held constant
at 2.00;g-values for the chromocene fragmegy) (were fitted
and are consistent with those found for other chromocéhes,
reflecting the large orbital contribution to the magnetic
moment from a degenerate configuration. The magnitude
of the antiferromagnetic coupling between chromium atoms
is very similar for compound& and2 and is indicative of
significant metat-metal interaction. The starting material and
its closely related alkyl analogue [Cr(Cpg}Me)]. (where
re—or = 2.263(3) A) also display magnetic behavior at-
tributed to antiferromagnetically coupl&= 1 Cr centers?
[Cr(Cp)(u-OCMey)], has been determined likewise to be an
antiferromagnetic comple®2 The values of the exchange
constants,J, obtained forl and?2 lie between those found
for [Cr(Cp*)(u-Cl)]2 and [Cr(Cp*)f«-Me)], (—212 cnrt and
—471 cml, respectively), consistent with the €Cr dis-
tances observed which are intermediate between the chloro
and methyl complexes. The values foand?2 similarly are
compatible with the smallelvalue determined for [Cr(Cp)-
(u-OCMe&)]» (—246 cnrl). The magnetic behavior of these
pentalene-bridgednti-trimetallics is therefore well-described
as the sum of that due to a chromocene and a pair of
antiferromagnetically coupled chromium(ll) fragments, en-
tirely consistent with the coordination environments observed
in the crystal structures.

We have shown by the formation of these chromium
complexes that pentalene can behave unusually as a bridging
species between three metal atoms in ami-geometry,
resulting in the division of this ligand intg®-cyclopentadi-
2p?-allyl functionalities. Potentially, these
complexes may display interesting reactivity arising through
cooperative interactions between the chromium atoms, and
investigations into this are in progress.
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