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Abstract: Literature reports of hydroborations of alkenes by borohydride anion “catalyzed” by
titanium complexes are investigated to test for the formation of borane as an intermediate.

Three papers by Isagawa and co-workers reported additions of borohydride anion to alkenes are catalyzed
by titanium complexes.!> In a typical experiment,! 5 mol % of Cp2TiClp was added to LiBH4 (1 equivalent)
in THF, and stirred for 1 h at room temperature giving a violet solution and dihydrogen; 1-octene was then
added, and the mixture was maintained at 45 *C for 21 h. 1-Octanol was the major product after oxidation
with basic hydrogen peroxide. It was suggested that this process involves catalyzed addition of borohydride to
alkenes giving alkylborchydride intermediates (reaction 1),

‘g\,c' THEF, 1 h, 25 °C , ,
0.05 n, + LOBH/ “violet solution”
cl -H,
10 n-CeHis”C H, oxidation ~_-OH
=  BHnCHppay — MGty
THF, 21 h,45°C (1)

These titanivm mediated hydroborations appear to offer an alternative to hydroborations catalyzed by
rhodium (+1) complexes. However, the reaction of CpaTiCla with borohydride is known to produce
l:o(:trla,ms,“'5 as outlined below (reaction 2),5 and borane therefore should be produced in reaction 1.

DME, 25 °C
g\/CI _ "several hours” g\,H\ .
2 T'\c| + 4 NaBH, - 2 'I'|\|-|,,B.H + 4NaCl + B;Hg
-H %
violet complex

2)

In fact, 0.05 equivalents of catalyst could produce 0.025 equivalents of diborane, which in turn could account
for hydroboration of 0.15 equivalents of the alkene substrate. In other mpmts,”3 20 mol % of catalyst was
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used which would provide enough borane to hydroborate 60 % of substrate. These concerns, especially in the
light of the results presented in the previous paper, led us to investigate whether the hydroboration step is
really titanium catalyzed, or if the Cp,TiCl3 simply mediates formation of borane which then serves as the
exclusive hydroborating agent.

The titanium borohydride Cp2Ti(u-H)2BH; is strongly implicated in reaction 1. For the current study, it
was prepared and isolated via the Inorganic Synthesis procedure. This violet complex is extremely air-
sensitive; it rapidly turns yellow in the presence of trace oxygen, even in the solid state.

Results obtained using Cp,Ti(u-H);BH3 to mediate hydroboration reactions are shown in the Table, along
with data from other sources. Entries 1 and 2 show Cp,Ti(u-H);BH; promotes hydroboration of phenylethene
with and without added lithium borohydride. Surprisingly, the reaction mediated by a catalytic amount of
Cp2Ti(u-H)2BH; is appreciably faster than the corresponding transformation mediated by 1 equivalent of the
complex without lithium borohydride (entry 2). Entries 1 - 4 reveal CpsTi(u-H)2BH; and lithium borohydride
give a different ratio of regioisomeric alcohols when compared with borane with and without lithium
borohydride, whereas stoichiometric Cp,Ti(ji-H)2BH; with phenylethene affords the same ratio. The ratio of
regioisomers obtained using catalytic Cp,Ti(u-H),BHp with lithium borohydride (entry 1) is almost the same
as that observed previously2 when Cp2TiCl; was used as a catalyst (entry 5). Significantly, other work by
Isagawa et al (entries 6 and 7) proved that the titanium mediated reactions give different facial selectivities in
the hydroboration of B-pinene when compared with the reaction in which BH3 was used as the reagent
(formed in sins from borohydride and boron trifluoride etherate).3

Isagawa and co-workers proposed that the products of the titanium mediated reactions are
alkylborohydrides on the basis of the observation that no migration products were observed at 150 °C, whereas
internal alkylboranes migrate to terminal isomers under these conditions.5 To test this hypothesis, we studied
mixtures of phenylethene, CpaTi(u-H)»2BHy, and lithium borohydride (ratio 100:5:110) by 11B NMR. A
significant quantity of lithium borohydride (5 =-41 ppm, quintet) remained after all the alkene had reacted,
and two sharp resonances at § = -12 and -14 ppm were observed. These chemical shifts are typical for
trialkylborohydrides, but extensive decoupling experiments (to be described in a full paper on this work)
indicate the products of the titanium mediated hydroboration reaction are predominantly tetraalkylborates,
not trialkylborohydrides.7'9 Throughout, no trace of BHj or trialkylboranes were detected in the catalyzed
processes, and only traces of trialkylborohydrides.

Even the small amounts of trialkylborohydrides observed in the catalyzed process are not derived from
uncatalyzed hydroboration of the substrate by in situ BH3, as shown by the following experiments. First, a
THF solution of lithium borohydride and Cp;Ti(u-H);BH; (ratio 2:1) heated to 65 "C for 12 h did not give
borane in concentrations that were conveniently detected by 11B NMR. Secondly, when two mixtures of
triethylborane and lithium borohydride (ratio 1:1) in THF were maintained for 4 h at 65 °C, one in the
presence of Cp2Ti(u-H)2BH2 (5 mol %), no triethylborohydride was observed (1B NMR) in either case.

In conclusion, hydroborations of phenylethene by lithium borohydride mediated by 5 mol % Cp2Ti(p-
H)2BH3, do not involve BH3 to any appreciable extent. The products are predominantly tetraalkylborates



Table. Hydroboration Reactions Prometed by Titanium Complexes.
(i) reagents, THF’ 65°C
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product(s)
(i) A. HyO,, NaOH, or
B. HOAc
entry reagents ' alkene product(s)®
p | 005 CpsTiBH, M NCH, /OLH
1.0 LiBHy o~ e PR CH,
69:31 16 %
84 %
. OH
2 1.0 CpTiBHy P SCH, on
PR N~ Me Ph” “CHs
83:17 20 %
80 %
30 0.2 BH3 phACHz OH
1.0 LiBH4 " e
82:18
m~~%" " Me
81:19
2 0.2 Cp,TiCly mScH, OH
1.0 NaBH,4 " e
0.2 18-crown-6 69:31
. 0.2 CpsTiCly CH; CH, CH,
1.0 NaBH4
0.2 18-crown-6 74:26
qes | 025NaBH, GHe CH, CH;
0.33 BF3.0Ety ~
595

a Product ratios accessed by GC and by NMR after work-up A, silylation and calibration, . © 94 % conversion

after 9 h at 65 °C. ¢80 % conversion after 19 h at 65 °C. 9 At25 °C. ¢ Work-up B. fThe reactive species is

BH3. 10
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(BRy"), and little or no borane or alkylboranes are produced. Moreover, alkylboranes were not converted to
alkylborohydrides under the reaction conditions.

The relatively slow reaction of Cp,TiBHy4 with phenylethene in the absence of borohydride implies that
this complex is not involved in the iterative steps of the catalytic processes, or that borohydride is involved in
the rate determining step of the catalytic cycle. That hydroboration of phenylethene by Cp2TiBHy in the
absence of borohydride gives the same ratio of regioisomers as BH3 implies the reaction could occur via slow
thermal degradation of the complex into borane and titanium hydrides.!! Unfortunately, this assertion is
difficult to test by 1B NMR since Cp;Ti(u-H)2BH; is paramagnetic.

If Cp2Ti(u-H)2BH3 is a precursor to a catalytically active complex, what is this complex? It is known
that lithium borohydride and Cp,Ti(u-H)2BH2 combine in a dynamic process which forms a bis(borohydride)
complex in a equilibrium that favors the starting materials (reaction 3).4

e

Co;Ti(-H)BH, + LiBH, LiCp,TiBHY] 3,

As a working hypothesis, we speculate that this bis(borohydride) complex could be critical in these titanium
catalyzed hydroborations. The mechanism of formation of tetraalkylborates in these processes remains to be
elucidated.
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