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The potential for transition metal promoted borezarbon
bond formation is reflected by recent design of catalysts that
accelerate hydroboration reactibasid mediate transformations
that are prohibitively disfavored on kinetic grourfds Although
considerable effort has been focused on late metal systems,
we® and other§ have been interested in borylation chemistry
effected by lanthanide and early transition element complexes.
In this vein, we recently reported that GiFi(;72-CH;=CH,)

(1)” and catecholborane (HBCat) afford the vinylboronate ester
complex, Cp3Ti(2-CH,=C(H)BCat) ).5> A mechanism was
proposed where €B bond formation proceeds by ring-opening
o-bond metathesis, ang-hydrogen elimination accounts for
retention of the &C bond®~1° A catalytic circuit could be
closed by a series of stoichiometric reactions; however, at-
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Meeting, Chicago, 1995, INOR 091.
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tempted catalytic synthesis of GHC(H)BCat from ethylene
and HBCat gave CKCH,BCat instead of Ch=C(H)BCat.
Hence, the selectivity for the stoichiometric reaction is lost under
catalytic conditions. This paper reports the effects of a simple
modification in the borane reagent that proves to be critical for
catalytic control in this system.

In the reaction between ethylene and HBCat, catalyzet] by
a complex mixture of Ti species results from indiscriminate
attack of HBCat. Reaction of the catecholate oxygen atoms in
HBCat with the Lewis acidic Ti center could account for catalyst
decomposition in this systei. Alternatively, subsequent
borylations of compoun@ could generate other active species
that account for the normal hydroboration product,sCH,-
BCat. Clearly, catalyst integrity must be maintained if the
stoichiometric selectivities are to be preserved, and rates for
catalyst degradation must be significantly slower than that for
regeneration of the ethylene compoutd,The desired balance
can be achieved by suppressing side reactions between the
borane reagent and Ti species and/or by accelerating the
displacement of the vinylborane by ethylene.

We chose to examine the reactivity of benzo-1,3,2-diazaboro-
lane (HBOp)}? the borane derived from Bf-ando-phenylene-
diamine, for the following reasons. First, there is literature
precedence for BN linkages being more robust than-®
frameworks in isoelectronic compount¥sHence, HBOp should
be less susceptible to metal-mediated disproportionation. Sec-
ond, borylation of the coordinated vinylborane ligand could be
suppressed to the extent that regeneration of the catalyst
competes in the catalytic cyclé 18 Last, solutions to catalyst
degradation could prove useful for harnessing reactivity of other
Cp2Ti derivatives.

Solutions of1 catalyze the reaction between ethylene and
HBOp, and CH=C(H)BOp can be isolated in reasonable yield
(58% isolated yield based on HBOp) at low catalyst loading

(eq 1).

1 (3 mol%)

2CH,=CH, + HBOp C,He + CH2=C(H)BOp(1)

When the reaction is monitored by NMR, spectra indicate
clean conversion of ethylene and HBOp to £+C(H)BOp and
ethane. Under these conditiorisjs the major Ti-containing
compound in solution, and the vinylboronate amide complex,
Cp*,Ti(7?-CH,=C(H)BOp) @), is not observed. The equilib-
rium betweenl and ethylene generates small quantities of the
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2+ CH,=CH, =1+ CH,=C(H)BCat;
AG°. ., = 0.09(1) kcal/mol (2)

rxn

3+ CH,=CH, =1+ CH,=C(H)BOp;
AG®,,, < —4.5 kcal/mol (3)

reactivity were consistent with observations from the catalytic
reaction as the kinetic and thermodynamic parameters governing
the reactivity of3 preclude its detection when excess ethylene
is present. Although the differences in reactivity between O-
and N-substituted vinylborane complexes are pronounced, the
factors responsible for this disparity are not obviéus.

The enhanced rate for displacement of the coordinated
vinylborane ligand and the suppression of borane-promoted
catalyst degradation both favor catalytic viability when HBOp
is used as the borane reagent. The influence of the borane
substituent on rates for vinylborane displacement was unex-
pected. The observed rate acceleration may be significant for
dehydrogenative pathways, but the catalyst compatibility en-
gendered by HBOp has more general applications in other
titanocene systems. While Hartwig and co-workers recently
reported that CfgTiMe, can serve as a precatalyst for addition
of HBCat to olefing®2! preliminary results suggest that the
utility of HBCat, and other oxygen-substituted borane reagents,
may be limited to the parent titanocene sys#nfror titanocene
derivatives with alkyl-substituted cyclopentadienyl rings, we
observe rapid catalyst decomposition when hydroborations are
attempted with HBCat. Although the parent titanocene system
failed to catalyze additions of HBOp to olefifbcatalytic olefin
hydroboration by HBOp proceeds smoothly for other Tp
derivatives and Tl species are not observed. The results from
these investigations will be published in due course.
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andg3, the nitrogen analog of compou@d However, borylation .pages).. See any current masthead page for ordering and Internet access
of 1 by HBOp proceeds at a substantially diminished rate relative instructions.
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since diborylation products resulting from borane attack3on  ethylene resonance could have an integrated intensity as large as 2% of
are not detected. that of the most intense resonance.
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H H HH™™ H (o) relative toZ or stabilization o p relative to -
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ilikhri atalysis In this system Is efiicient; however, the catalytic activi
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reliable analysis. The effects of borane modification on slow for HBOp.
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