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In metal-mediated hydroboration chemistry, metal complexes 
can play important roles in rate acceleration of the hydroboration 
reaction, stereoselective addition of boranes to prochiral olefins, 
and formation of products which are generally not accessible 
in the realm of traditional hydroboration chemistry.1-4 Key 
steps that are common to most catalytic systems can be 
summarized by borane oxidative addition to an electronically 
unsaturated metal center, insertion of an olefin to yield an alkyl 
intermediate, and formation of the alkylborane product by 
reductive elimination of the alkyl and boryl ligands.5 We have 
been exploring reactivity of transition metal olefin complexes 
with borane reagents with two main objectives in mind. First, 
olefin complexes can behave as latent sources of electron-rich, 
low-valent metal centers that can potentially serve as convenient 
precursors for synthesizing metal boryl complexes.6-8 Second, 
reactions of simple metal olefin complexes with hydroboranes 
have been largely overlooked, and it seemed that with judicious 
choice of the metal system, chemistry that is mechanistically 
distinct from more common metal-mediated hydroboration 
chemistry might be observed. Our first results that bear on this 
latter point form the basis for this Communication. 

Cp*2Ti(?72-CH2=CH2) (1, Cp* = TJ5-C5Mc5) is a 16-electron 
olefin complex with a rich reaction chemistry.910 The metal— 
olefin linkage exhibits reactivity consistent with formulation as 
a TiIV metallacyclopropane species (viz., 1 + 2HCl —- C2H6 + 
Cp*2TiCl2) or a jr-complex of Ti11 (oxidative atom transfer 
reagents react to form TiIV complexes with liberation of 
ethylene).11 Based on these precedents, we envisioned two 
potential modes of reactivity for 1 with hydroboranes: formation 
of ring-opened products, such as Cp*2Ti(H)(CH2CH2BR2), or 
oxidative addition to yield a boryl hydride species that would 
likely undergo insertion chemistry with the liberated olefin. In 
light of these expectations, the chemistry we observed was 
surprising. 

Toluene solutions of Cp*2Ti(?72-CH2=CH2) reacted im
mediately with catecholborane at —78 °C, accompanied by a 
color change of the lime green solution to amber. Following 
solvent removal at room temperature, the 1H NMR spectrum 
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of the crude reaction mixture indicated clean formation of a 
diamagnetic product with inequivalent Cp* environments, three 
high-field vinyl multiplets (characteristic for an unsymmetrical 
olefin coordinated to a decamethylmetallocene fragment),12 and 
two aryl multiplets due to one catecholate group. "B NMR 
revealed a single boron resonance at 36 ppm which, in 
conjunction with the 1H NMR data, convincingly suggested that 
the diamagnetic product was best formulated as Cp*2Ti(?72-
CFk=C(H)(BO2CeH4)). Significantly, borylation of an unac-
tivated olefin has proceeded without bond reduction, and the 
overall transformation is consistent with a B—H/C—H metath
esis accompanied by B-C bond formation and formal loss of 
dihydrogen.13-16 Cp*2Ti(>72-CH2=C(H)(B02C,oH6)) (2), the 
analogous product, prepared from 1 and the borane derived from 
2,3-dihydroxynaphthalene and BH3*thf (HBO2CI0H6 , 3), was 
isolated as a lemon yellow microcrystalline powder in 44% 
yield.17 

2 ZgP1+ HB02C,oHe ̂ r S ^ + "CpVi"+ C2He (1) 

Attempts to follow the reaction of 1 and 3 by 1H NMR 
(toluene-fife, —80 0C) indicated rapid formation of 2 with 
concomitant production of ethane, attributed to hydrogenation 
of the starting material, 1. The balanced reaction in eq 1 is 
consistent with our observations that 2 is best prepared by 
reacting 1 and 3 in a 2:1 ratio, maximum yields of 2 never 
exceed 50%, and pentane-soluble, paramagnetic Cp*2Ti18 is 
generated in the course of the reaction. This latter point was 
confirmed by performing the reaction in eq 1 in the presence 
of ethylene (0.5 mol equiv). In this case, ethylene traps Cp*2-
Ti to produce 1 and 2 in a 3:2 ratio. 

A mechanism that accounts for the formation of 2, Cp*2Ti, 
and ethane is outlined in Scheme 1. The reaction is initiated 
by borane-induced ring opening of the metallacyclopropane to 
generate Cp*2Ti(H)(CH2CH2B02C,oH6) (4),19-20 which under-
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goes /3-H elimination to intermediate 5.21,22 Reaction of H2 (lost 
from 5) with the starting olefin complex accounts for ethane 
generation and formation of Cp*2Ti. Based on the mass balance 
in eq 1, this mechanism requires selective hydrogenation of the 
ethylene complex in the presence of the substituted olefin 
product. It was not obvious that this should be the case; 
however, the ability to independently prepare the two com
pounds and expose them to hydrogen offered a direct test of 
this supposition. In fact, when a 1:1 mixture of 1 and 2 is 
exposed to H2 (0.5 mol equiv), only the ethylene complex is 
hydrogenated (eq 2). 

T CH. 
TL I ' 
' CH 

- ^ ^ C H 2 

' X H 
+ -Cp2Ti"+ C2H6 (2) 

r ̂h 
Since we were unable to observe intermediates by 1H NMR, 

and any attempts to gain insight as to the mechanism of the 
transformation in eq 1 using kinetic measurements were thwarted 
by rapid reaction rates, we chose to address the fate of the borane 
hydride by isotopic labeling. In the mechanism outlined in 
Scheme 1, reversible /3-H elimination from 4 could scramble 
deuterium into the ^-position of the vinylborane ligand in 3. 
Furthermore, the documented exchange between the hydride 
positions and methyl sites of the pentamethylcyclopentadienyl 
ligand in these systems23 raises the possibility of deuterium 
scrambling into the ligand's methyl groups. Thus, the results 
from this experiment are potentially complicated since the only 
sites where deuterium incorporation is unlikely are the vinylic 
protons on the unsubstituted carbon of the vinylboronate ester 
fragment. 

1 reacted cleanly with DBO2C10H6 to generate 2 and ethane 
at -80 0C, with the majority (85%) of deuterium label appearing 
in the evolved ethane. The remaining label (15%) was 
incorporated at the boron-substituted, vinylic position of the 
coordinated vinylborane.24 These results are consistent with the 
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mechanism proposed in Scheme 1, where HD loss from 5 is 
substantially faster than scrambling between hydride and ligand 
methyl sites.25 

Formation of the vinylborane product, 2, was surprising since 
the failure of synthetic routes to substituted olefin complexes 
analogous to 1 has been attributed to unfavorable steric 
interactions between ligand and olefin substituents in the 
crowded coordination sphere of the Cp*2Ti fragment. Thus, 
we suspected that the substituted olefin was weakly ligated, as 
would be required for catalytic formation of vinylboranes26 from 
olefins and boranes, and might be displaced by sterically less 
demanding ligands. Indeed, 2 reacts cleanly with carbon 
monoxide and ethylene with ejection of the vinylboronate ester 
moiety (Scheme T). The carbon monoxide reaction is rapid and 
produces the known Ti11 dicarbonyl complex.27 The reaction 
with ethylene is slow and is complicated by competitive 
decomposition of 2 (40% conversion after 18 h at 25 0C). 
Although the starting olefin complex (1) is regenerated in this 
case, conversion of olefins to vinylboranes under catalytic 
conditions has not been successful.28 

In conclusion, early transition-metal olefin complexes show 
promise for selective dehydrogenative boronation of olefins to 
form vinyl boronate esters. Specifically, the decamethylti-
tanocene fragment mediates a transformation where 2 mol of 
an unactivated olefin and 1 mol of a hydroborane are converted 
to 1 mol of an alkane and 1 mol of a vinylborane ester. Thus, 
the olefin complex, in its conversion to alkane and Cp*2Ti, 
serves as the "sink" for hydrogen produced in this reaction, and 
reduced alkylboronate esters are not observed. The mechanism 
for this transformation is distinct from those operant in late-
metal systems.29 We are currently pursuing reactivity in related 
olefin systems with various borane reagents. 
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