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Very little is known about the chemistry of bent-sandwich
chromocene complexédhis fact is surprising given the importance
of early transition metal-containing bent-metallocene complexes to
homogeneous catalysis, particularly alkene polymerizatidigh-
spin chromocene’s recalcitrance toward assuming a bent-sandwich
geometry and its propensity toward cyclopentadienyl ring loss are
the dominant factors that interfere with the isolation of bent-
sandwich derivatives. Theoretical calculations indicate that the
interannular bridges stabilize the carbonyl derivatives by destabiliz-
ing the 16e- chromocene fragment through enforced bending.
Brintzinger and co-workers have demonstrated that carbonyl adducts
of ethano- and silylene-bridgemhsachromocene complexes are
isolable? unlike CpCrCO, which is unstable to CO lo8sThese
findings have persuaded us to pursue the synthesis of additional

. . . Figure 1. Molecular structure ol. Thermal ellipsoids are shown at 30%
ansachromocene derivative4o uncover the previously elusive probability. Selected bond distances (A) and angles (deg): avZp

chemistry of bent-sandwich chromocene and to establish usefuly g23(2): cri-c17017 1.873(3); CriC1017 1.139(4); CriH1' 1.44-
catalytic applications for these systems. (3); Cr1—F23 3.735(2); Cp-Cr—Cp 140.0(3); Cp-Cp dihedral 42.5(3).
Electrophilic addition of B(@Fs); to a cyclopentadienyl ring

followed by proton transfer to the metal has been demonstrated

Scheme 1

for a variety of unbridged early transition metal bent-metallo- GB)(Cer)a
cene complexe&Therefore, as one approach to an unprecedented Megc’@\ . 70°C Megc’@\;
Cr(4+) hydride derivative of the bent-chromocene system, we e, 0~ C0 HOERaIBAWY —Zmrs L &Cf*co 1
examined the reaction between [)g(17>-CsH,),CrCO] and B(GFs)s. =
The reaction was monitored Bt NMR spectroscopy. Complek | 2%C
formed immediately upon mixing the two reagents in toludpat 1 l
—70°C (Scheme 1). . ~ B(C.F
A characteristic metal hydride signal was observed at7.66, Mezc,@\_l el Me,C ,@ (oo
and the remainder of the spectrum was consistent with the assigned 0.5 Mezjj Cr—Co + 05 Ve IC ®Cr-co
structure (see Supporting Information). As the temperature of the % : %
sample was raised to 2%, the signals forl diminished, and a s
very broad signal grew in ai —1.6, indicating the formation of +CO I -co
paramagnetic species. Toepler pump measurefhestsaled no o 2 8°°°e CoFs
gas evolution at this stage. This was surprising in light of the B(CsFs)a g .
instability of the related cationic species [M®(77°-CsHy4),CrH- Me,C~< i~ Mezc,@ A
(CO)]* to the nonselective loss of CO ang.#4 M82é O Cr-CNXyl ~—— Mot @0 F{=0F
X-ray quality crystals ofl were isolated for a molecular structure % ° ‘% FF

determination (Figure 1).Significantly, this is the first X-ray
crystallographic characterization of a chromocene complex with
chromium formally in at+4 oxidation statd® The gross geometry  frequencies of the three complexes (1992, 1905, 1990%cm

of the ansachromocene fragment is very similar to that of the respectively), on the other hand, are quite sensitive to variations in
neutral complex MgC,(CsH,4),CrCO and the cation in [MgC,- the electronic properties of the metal center.
(75-CsHy4).CrCQ][B(3,5-(CR),CeH3)4]. 6 The cyclopentadienyl rings Upon being heated from room temperature to°80) the red-

of 1, with a dihedral angle of 42?5 are slightly more tilted than brown toluene solution containing the paramagnetic decomposition
those in the other two species (with corresponding angles of products ofl turned green and evolved 0.480.02 equiv of carbon
38.5-38.6"). The C—CO (1.873(3) A) and the Cr€0 (1.139(4) monoxide gas. The thermolysis product consisted of two new
A) distances ofl do not differ substantially from those of the neutral ~ species, one green and the other red, both of which were separated
Cr(Il) species [MgCy(175-CsH4),CrCO] (1.85(1) A, 1.16(1) A) or by selective crystallization and structurally characterized. The green
the cationic Cr(lll) species in [M&€(1°-CsH,),CrCO][B(3,5- species is the zwitterionic ring-borylated Cr(Ill) complékje,C,-
(CFs),CsHs)4] (1.893(6) A, 1.133(7) A). The €O stretching (75-CsHa)(175-CsH3B(CsFs)3} Cr (2). The red species is the ionic
Cr(lll) complex, [MeCx(17°-CsHy4),CrCO][HB(CsFs)3] (3). X-ray

* To whom correspondence should be addressed. E-mail: shapiro@uidaho.edu.crystal structures of bot'! and 3 were obtained. An ORTEP
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Figure 2. Molecular structure of. Thermal ellipsoids are shown at 30%
probability. Selected bond distances (A) and angles (deg)—@p
1.851(5); BCp-Crl 1.821(5); CrF18 2.675(4); CrF30 3.173(4);
Cp—Cr—Cp 149.3(3); Cp-Cp dihedral 36.9(3).

drawing of the molecular structure & is shown (Figure 2).
Compound3 is related to amansachromocenium carbonyl salt
whose structure has been reporteBetails about its structure are
provided in the Supporting Information. The structure Dfis
reminiscent of that of a related zwitterionic boryl-titanocene
complex, °-CsHs)(17°%-[CsH4B(CsFs)3])Ti.”¢ As in the titanium
complex, there are close contacts between the metal center in
and two orthofluorine atoms on the pendant boryl group
(Cr—F18 2.675(4) A; C+F30 3.173(4) A) that are shorter than
the sum of the van der Waal radii for both elements{Er= 3.47

A).12 These distances are substantially longer than those in the
titanocene complex (2.248(2) A and 2.223(3) A), even though the

single-bonded metallic radius of Ti(1.32 A) is larger than that of
Cr(1.19 A)2 This is probably due to the fact that the titanium
complex has only one unpaired electron in its frontier orbitals,

whereas the high-spin chromium complex has three unpaired

electrons fer = 3.8 ug).

Experiments in toluendg exclude the involvement of the solvent
in the formation of the hydroborate anion &findicating that the
hydride must originate from a cyclopentadienyl ring. Loss of CO
in the formation of2 is reversible, and exposure of a solution2of
in tolueneds to either an atmosphere of CO or an equivalent of
xylyl isocyanide (XyINC) at room temperature produces the

corresponding adducts, the structures and properties of which will

be described in a full paper.
In summary, comples represents the first structurally character-
ized bent-metallocene complex of C#} This species is metastable

and decomposes thermally in toluene to species that contain Cr in

its preferred+3 oxidation state. The chirality conferred to com-
plexesl and2 by the boryl substituent poises them for application
in the asymmetric catalysis of reactions such as the Nezaki
Hiyama—Kishi reaction, for which CgCr4 and ouransachro-
mocene derivativés have demonstrated activity.
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