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Isolated examples of complexes formed by coordination of
small molecules only through an->H bond or ‘6 complexes”
are rare and are limited to those involving dihydrogen or
silanest? Closely related “agostic” complexes, involving coor-
dination of an X-H bond of a ligand with another point of
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Figure 1. ORTEP drawing ofla. Hydrogen atoms (exceptBH) were
omitted for clarity. Selected distances (&) and angles (deg):BTi
2.335(5), Ti-H 1.74(4), B-H 1.25(3), B-Ti—B 53.8(2), H-Ti—H

117(2), B-Ti—H1 32(1), B-Ti—H1A 86(1), T=B—H1 47(2), Ti-

H—B 101(2), T-B—0 125.4(3), 126.0(3), ©B—0 108.5(4).

tions of the aromatic methyl groups. Three cyclopentadienyl

attachment to the metal, are more generally known and include egonances were observed in an approximate ratio of 1:1:2

those for X-H bonds of first row elements. Isotope effect

corresponding to equal ratios of tk& and Cs isomers oflb.

measurements and labeling studies along with gas phaserys interconversion between coordination to the two faces of
transition metal chemistry and organometallic reactions in alkane ine porane is slow on the NMR time scale-at5°C. A single

matrices suggest that and agostic complexes are important
intermediates in €H activations®*

We report the synthesis, structure, and preliminary reaction
chemistry of set of complexes with unusual coordination of
neutral boranes throughtbonds. The compounds are distinct

from those containing anionic borates stabilized by electrostatic

effect$ or metallocarboranes and polyboranes with agostitiB
bondsé~® The borane complexes we report are likely to be
important in oxidative additions of BH bonds, and their
geometry depicts partial XH bond cleavage of 3gybridized
X—H bonds.

Reaction of 3-5 equiv of catecholborane (HBcat) or 4-(me-
thylcatechol)borane (HBcatand titanocene dimethy?) at —35
°C for 1-2 d evolved methane, formeB-(methylcatechol)-
borane, and precipitated the compoundsTipiBcat), (1a, cat
= 0,CgHg; 1b, 4-MeGsHy) in 60—95% yields. lais a yellow
solid that is insoluble in aromatic solvents, extremely temper-
ature sensitive in solution, and reactive toward both THF and
methylene chloride at low temperaturekb is equally sensitive
thermally, but is slightly soluble in toluene at low temperatures.

These properties precluded NMR spectroscopic identification
of isolatedla, but the greater solubility dfb made it amenable
to spectroscopic characterization-a45°C. NMR spectral data
for lawere obtained during reaction &fwith catecholborane
by simple one- and two-dimensional NMR techniques. Both
1la and 1b showedB NMR signals at 45 ppm, which are
located downfield of free catecholborane but upfield of isolated
metallocene boryl complexes and suggest partial mé@ton
bond charactel? CompoundLlashowed a single Cp resonance.
Compoundlb consisted of two isomers with different orienta-
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set of catecholate resonances were observeddobut again
two sets of aromatic resonances and two methyl groups of
almost equal intensity were observed ftw  The hydride signal
for both complexes was broad due to remainingHBinterac-
tion, and separate signals fth-C, and1b-Cs were not resolved.
Infrared vibrations involving the hydrides dfa and 1b were
observed between 1611 and 1680¢mThis assignment was
confirmed by synthesis oflb-d, from DB(O,CeHs-4-Me).
Compoundlb-d, displayed no bands between 1611 and 1680
and showed bands in the region between 1160 and 1256.cm
The lowvg_y of 1a and 1b suggests a low BH bond order
relative to free catecholboranes(y of 2660 cnt?).

Highly dilute reaction solutions deposited single crystals of
la over the course of several days at 35. An ORTEP
drawing of 1a is provided in Figure 1; the two halves of the
molecule are related by crystallographic symmetry. In addition
to the spectroscopic data and the the reaction chemistry
described below, several structural features confirmed the
presence of hydrides iba, which were located in the difference
map and were refined isotropically. The-Bi—B angle of 58
was too small for the compound to be a Ti(IV) bis-boryl
complex, considering the typical angles in metallocene sys-
tems!! Further, the T+B distance of 2.335(5) A was signifi-
cantly longer than that of metallocene boryl compleXes?
Indeed, the hydrides were located and observed in the difference
map and are displayed in the difference map position.

The B-B distance was 2.11 A, 0.23.25 A longer than
those in polynuclear BHs2~ complexe¥~17 and more than 0.4
A longer than those in catBBcat molecules or their Lewis base
adductsi®1® The H-Ti—H angle was 117 much greater than
the typical 94-97° angles in 8 Cp,ML, compoundg?! In
contrast, the angle between the midpoint of theHBbond, the
titanium, and the midpoint of the otherB1 bond is 82, exactly
in the range of =M —L angles typically observed forrdCp,-

ML, compoundd! These data are consistent with & d
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transition metal alkyl groups being located upfield of alkanes, the boron
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the corresponding boranes.
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titanocene complex with coordination of the—Bl bond in
neutral catecholborane. The-Bl distance was 1.268 A, while
the Ti—H distance was 1.779 A, typical for bridging hydrics.
The geometry at boron is distinct from a Lewis acid/base
complex. Interestingly, the boron lay in a plane containing the
Ti and the two oxygens, with the hydride lying above this plane.
The reaction chemistry (Scheme 1) Id and 1b was dom-
inated by borane displacement and additionst63Cand C-N
multiple bonds. For example, 2 atm of CO displaced HBcat
after 1 d at—10 °C. CpTi(CO),2* was formed in 88% yield
and HBcat in 93% yield, as determined ¥y NMR integration
of the products against an internal standard. Reaction of tri-
ethylamine with a slurry olain CgDg gave amine-ligated cat-
echolborane (BNB(H)cat) in 70% yield by'H NMR spectros-
copy. The doublet in thélB NMR spectrum located upfield
of catecholborane identified $#4B(H)cat, along with its ind-
pendent synthesis by addition of;Btto catecholborane. The
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Figure 2. Two dominant orbital interactions ida and 1b and a
localized bond rationalization for the planar geometry at boron.

contrast,1a and 1b can be described as as Ti(ll) complexes
containing two neutral coordinated boraR@sThis description
would predict some MB bond character, a decrease in the
B—H bond order, and facile dissociation of borane. Although
la and 1b surely contain characteristics of both structural
extremes, the spectroscopic and reactivity dataltoand 1b
suggest that Ti(ll) is a more appropriate description.

Core potential ab initio MP2 calculatioffson the model
system CpTi(HB(OH),), produced an optimized geometry that
was very close to the experimental results. Important for stru-
ctural confirmation, the computed positions of the bridging
hydrogens were close to those determined by X-ray diffraction.
Further, the calculations confirmed that the boron atom is not
tetrahedral. It lies in the plane defined by the titanium and two
oxygens. This planarity was also observed after optimization
of Cp:Ti(HBH,), without the catecholate oxyge®s.An extend-
ed Hickel calculation of Cprli(HB(OH),), yields the MO dia-
gram in Figure 212829 There is good overlap between the
HOMO and LUMO of both fragments, with one interaction
involving donation of a B-H o-bond and the other back-

titanium products of this reaction were paramagnetic and have donation into the boron p-orbital. The planarity at boron is dif-

not yet been firmly identified.
laand1b underwent interconversion upon addition of free

ficult to explain qualitatively. However, the MO analysis shows
that such a geometry does maximize back-donation from Ti to

borane. For example, reaction between 4-methylcatecholboraneB. This structure can also be generated formally by protonation

and a slurry oflain tolueneds at —35 °C generatedb, while
addition of 20 equiv of catecholborane to a toluene solution of
1b at —35 °C deposited.a and formed free 4-methylcatechobo-
rane in 98% yield byH NMR spectroscopy. Reaction between
10 equiv of DB(QCgH3z-4-Me) and 1b at —10 °C led to

of CpeTi(Bcat)?~ (with planar boron andz-bonding), while
keeping in mind that the proton andbond draws analogies to
a nonclassical ethyl cation that has relatively planar carBbns.
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