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Addition of B2cat3 (cat=1,2-O2C6H4) to Ir(acac)(dppb) (1; where dppb=1,4-bis(diphenylphosphino)
butane) gave the novel arylspiroboronate ester iridium complex Ir(η6-catBcat)(dppb) (2), the first example
of an iridium compound containing a coordinating [Bcat2]− anion. Complex 2 is a remarkably selective
catalyst precursor for the hydroboration of unhindered vinylarenes using pinacolborane.
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The addition of boranes to unsaturated organicmolecules has become
a remarkably important synthetic methodology in organic synthesis [1].
Although H3B.X (X=THF, SMe2) adds readily to alkenes at –80 °C [2],
other hydroboration reagents, such as diorganyloxyboranes, are slow to
react even at room temperature. For instance, catecholborane (HBcat,
cat=1,2-O2C6H4) and pinacolborane (HBpin, pin=1,2-O2C2Me4) add to
alkenesandalkynesonlyat elevated temperatures [3]or in thepresenceof
a transition metal catalyst [4].

A considerable amount of research has focused on investigating the
mechanism and scope of the catalyzed hydroboration reaction [5].
Although a number of transition metals have been found to catalyze
hydroborations with HBcat and HBpin, reactions using rhodium
complexes are usually the most effective for reactions with alkenes.
For instance, phosphinorhodium acetylacetonato complexes are re-
markably active catalyst precursors for the hydroboration of a wide
range of vinylarenes (ArCH=CH2) using HBcat, giving selective
formation of the unusual branched products, ArCH(Bcat)CH3 [6]. The
catalyst resting states in these systemsare believed to be the zwitterionic
complexes of the type Rh(η6-catBcat)(P2) (P2=diphosphine), arising
from the redistribution of borane substituents [7]. The unusual
arylspiroboronate ester [Bcat2]− is bound to the rhodium fragment via
all six carbons of one of the catecholato rings.

Recently, therehas alsobeenconsiderable interest in theuseof iridium
complexes in an effort to expand the scope of these catalyzed
hydroborations [8–15]. With this is mind, we have found that addition
of B2cat3 [16] to Ir(acac)(dppb) (1; where dppb=1,4-bis(diphenylpho-
sphino)butane) [17] gave the novel arylspiroboronate ester iridium
complex Ir(η6-catBcat)(dppb) (2) in 68% yield (Scheme 1) [18]. While
rhodium compounds containing arylspiroboronate esters are well
documented [19], and the ruthenium complex RuH(η6-catBcat)(PCy3)2
has been prepared by the addition of HBcat to RuH2(η2-H2)2(PCy3)2 [20],
complex2 represents, to thebest of our knowledge, thefirst exampleof an
iridium compound containing a coordinating [Bcat2]− anion. Complex 2
has been characterized by a number of physical methods, including
multinuclear NMR spectroscopy. The 11B{1H} NMR spectrum shows a
sharp singlet at δ 13.6 ppm for the four coordinate boron anion [21] and
the 31P{1H} NMR peak shifts from δ 10.8 ppm in 1 to 4.0 ppm for
complex 2. More diagnostic, however, are the 1H NMR data, as the
resonances for the hydrogens on the Bcat group bound directly to
iridium are observed at δ 5.20 and 4.68 ppm, while the uncoordinated
catecholato peaks remain downfield at δ 6.56–6.38 ppm. In comparison,
thearyl peaks in [NBu4][Bcat2] are observedatδ6.57 ppm in the 1HNMR
data [22]. Significant upfield shifts are also observed in 2 by 13C{1H}
NMR spectroscopy, where carbon atoms of the Bcat group coordinated
to the iridium fragment are located at δ 140.3, 84.4, and 79.7 ppm. For
comparison, the related carbon resonances in [NBu4][Bcat2] are
observed at δ 151.8, 117.9, and 108.5 ppm.

Complex 2 has also been characterized by a single crystal x-ray
diffraction study (Fig. 1), confirming that the arylspiroboronate ester
is bound to the iridium fragment in a η6 fashion [23–26]. Within the
bound Bcat group, four of the iridium carbon distances Ir(1)–C(33)
2.270(3), Ir(1)–C(34) 2.297(3), Ir(1)–C(32) 2.302(3), and Ir(1)–C(31)
2.312(3)Å, are noticeably shorter than the other two at Ir(1)–C(30)
2.446(3) and Ir(1)–C(29) 2.456(3)Å. This slippage away from a true η6

bonding mode has been observed in the rhodium analogues where the
potential surface for such distortions is reputably quite shallow, and is
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Scheme 1. Synthesis of arylspiroboronate ester iridium complex 2 by addition of B2cat3
to Ir(acac)(dppb) (1).

Scheme 2. Catalyzed hydroboration of vinylarenes using complex 2 and HBpin.
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presumably a ground-state phenomenon. Bond distances and angles
within the arylspiroboronate ester are similar to those reported
previously [19,27].

We then decided to examine complex 2 for its potential to catalyze
the addition of HBcat and HBpin to vinylarenes [28,29]. To our
surprise, and contrary to the results using the highly active and selective
rhodium analogues, no significant reaction was observed with HBcat
and 4-vinylanisole using 5 mol% of 2 at room temperature after 16 h.
Interestingly, however, reactionsofHBpinand4-vinylanisole proceeded
smoothly at room temperature (T=18 h) to give selective formation of
the linear hydroboration product (Scheme 2) [30]. This observation is
unusual as HBcat is normally the more active of the diorganyloxy-
boranes in catalyzed hydroborations. Similar regioselectivities in
favour of the linear hydroboration product were observed in reactions
with 4-fluorostyrene and 4,4,5,5-tetramethyl-2-(4-vinylphenyl)-1,3,2-
dioxaborolane with HBpin. Unfortunately, attempts to add this borane
to the more hindered substrates α- and β-methylstyrene proved
unsuccessful. It is clear that hydroborations with this iridium complex
are proceeding via a different mechanism, as compared to the rhodium
analogues. In a recent report, Crudden et al. [31] suggested that cleavage
of theB–Hbond inHBpin is facilitated by anadditional Lewis acid.While
it is possible that a similar alternative pathway may be occurring in
reactions with 2, further work is needed to elucidate the mechanism in
Fig. 1.Molecular structure of 2with ellipsoids drawn at 50% probability level. Hydrogen
atoms omitted for clarity. Selected bond distances (Å) and angles (deg): Ir(1)–P(1)
2.2252(7), Ir(1)–P(2) 2.2348(7), Ir(1)–C(33) 2.270(3), Ir(1)–C(34) 2.297(3), Ir(1)–C(32)
2.302(3), Ir(1)–C(31) 2.312(3), Ir(1)–C(30) 2.446(3), Ir(1)–C(29) 2.456(3), B(1)–O(4)
1.463(4), B(1)–O(3) 1.469(4), B(1)–O(1) 1.503(4), B(1)–O(2) 1.506(4); P(1)–Ir(1)–P(2)
95.77(3), P(1)–Ir(1)–C(33) 103.53(8), O(4)–B(1)–O(3) 106.4(2), O(4)–B(1)–O(1) 112.0
(2), O(3)–B(1)–O(1) 110.8(2), O(4)–B(1)–O(2) 111.9(2), O(3)–B(1)–O(2) 112.2(2), and
O(1)–B(1)–O(2) 103.7(2).
these hydroborations, the results of which will be reported in due
course.
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