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Much attention is being paid t@-complexes, due to their
fundamental importance and the role they might play during the
oxidative addition and reductive elimination steps occurring in a
wide variety of catalytic processéd.he chemistry of dihydrogen
and silane complexes has blossomed in the last 15 yé#&sery
good amount of knowledge of their properties has been obtained,
thanks in particular to the improvement of NMR and X-ray analyses.
In such a context, it is remarkable that only very fevborane
compounds have been isolated. Activation of a boron hydride by a
transition metal complex leads to a versatile chemistry due to the
different bonding modes that can be adopted. The use of neutral
borane reagents such as the base adductP¥ or the three-
coordinated borane HBRroved to be the best candidates to isolate
true o-borane complexes of groups 4 tot¥.6 The titanocene

catecholborane complexes reported by Hartwig et al. are perharpsFi ure 1. ORTEP drawing of compound. Selected bond lengths (A):
the most representative examples, and they are active catalysts fohg_B(l)' 2.188 (5); Re-B(2), 2.157 (5); Re-P(1), 2.3673 (13): RuP(2),

the hydroboration of vinylarenés. 2.3571 (13); RerH(1), 1.48 (3); Ru-H(2), 1.58 (3); Ru-H(3), 1.49 (3);
Our group has developed an excellent entry to a wide range of Ru—H(4), 1.55 (3); B(1)-H(3), 1.58 (3); B(1)-H(4), 1.47 (3); B(2)-H(2),

dihydrogen and silane complexes from the bis(dihydrogen) complex 1.35 (3). Selected bond angles (deg): P@—P(2), 160.45 (3); B(t)

RUH;(H2)(PCys)2 (1).” We now report the synthesis, structure, and (Rluz);B&Z()z’)ElR?JEBB ((21)7 )égR,gTﬁ)); g((g_gﬁ_ﬁg;) :7(?('_‘13);55{2}1;?;6

preliminary catalytic activity of ruthenium complexes coordinating 1y 173.1 (19): H(4yRu—H(2), 166.3 (16); H(3}Ru—H(4), 88.0 (17);

either one or two pinacolborane ligands bonded in different modes, H(1)—Ru—H(4), 85.3 (17); H(1}Ru—H(2), 81.2 (17).

that, o-coordination and dihydridoborate ligation.

Room-temperature reaction af)(¢ with excess pinacolborane ~ Scheme 1 HBpin
(HBpin) proceeds rapidly with gas evolution, and after workup, RuH, (H2)o(PCya)s == RuH(H,Bpin)(H,)(PCys),
the new complex RuH[(-H),Bpin](c-HBpin)(PCy). (2) was ! He n 8
isolated in very high yield and characterized by NMR and X-ray ;‘fc'j;‘s\ 24//Hl3pin
diffraction (Scheme 13° The formulation as a-borane(dihydro- RuH(H,Bpin)(HBPIR)(PCya)s
borate) complex is supported by the following observations. The 2

molecular structure is shown in Figure 1. The ruthenium atom is

in a pseudo-octahedral environment with the phosphines in axial H),BH,](PMes)s.12 In 2 the o-borane ligand acts as a 2-electron
positions. The four coordination sites in the equatorial plane are donor, playing a similar role as PN the latter complex.
occupied by one hydride H(1), one-B(2)—H(2) bond of a The room-temperaturtH NMR spectrum of2 in the hydride
pinacolborane ligand, and the two hydrogens H(3) and H(4) of a region is featureless. However, at 233 K three well-resolved
dihydridopinacolborate ligand. The R#(2) distance of 2.157 (5)  resonances are observed in a 2:1:1 ratio (Figure 2). The broad singlet
A'is significantly shorter that the RtB(1) distance (2.188(5) A), at 0 —11.4 is attributed to the two bridging hydrides of the
but they are both longer than the sum of the covalent radii of Ru dihydroborate ligand, the sharp triplet@t—8.03, to the terminal
and B (2.13 A). This tendency contrasts with what is generally hydride coupled to the two phosphordss( = 25 Hz), and the
observed for group 8 boryl complexes showing-Bl distances broad singlet ad —7.13, to thes-bonded B-H proton. Upont'B
shorter (Ru, Os, Co, Rh, Ir, Pt) or similar (Fe) to the sum of the decoupling, the two broad signals sharpened. A dihydrogen
covalent radit® Keeping in mind the uncertainties in hydride formulation can be ruled out on the basisTaf,, values (around
positions, theo-B(2)—H(2) distance, 1.35 (3) A, appears shorter 100 ms at 300 MHz for the three signals). THB NMR spectrum
than the B(1)-H(3) and B(1)-H(4) distances which are 1.58 (3)  shows at 293 K, a very broad signal @37.3 (v, = 640 Hz),

and 1.47 (3) A respectively, although the differences are not downfield of that of pinacolborane)(28.4). We were unable to
significant at the 8 level 1! Similar o-B—H distances were reported  measure any coupling constant betwéenand 11B.

for o-borane complexes of three-coordinated bdighFurther When performing the reaction with only one equiv of pinacol-
evidence of ao-borane coordination is given by the close borane, conversion dfto the new comples is observed (Scheme
resemblance between the X-ray structure2oénd that of the 1, Figure 2). The integrations of tHel NMR signals atd —8.83
previously reported tris(trimethylphosphine) complex RuH[( ando 1.25 are in agreement with a species bearing one pinacolboron
ligand and five hydrogens around the métahe high-field signal

* To whom correspondence should be addressed. E-mail: sabo@lcc-toulouse.fr.remains broad at all temperatures, indicative of a fast exchange.
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Figure 2. 'H NMR spectra at variable temperature, in the hydride region
(300 MHz, GDg) showing a mixture o2 and3.
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The Timin Value of 40 ms at 253 K (300 MHz) is in agreement
with the presence of a dihydrogen ligand. T#2 NMR spectrum
shows as for2, a very broad signal at 35.1 (v, = 509 Hz).
Conversion of3 to 2 is obtained by increasing the pinacolborane
concentration. Therefor&can be formulated as RugBpin”(Hy)-
(PCy)2. Two modes of coordination of the boron ligand can be
proposed leading to a dihydrideporane) A) or hydrido(dihy-
droborate) B) structure involving in each case @adihydrogen
ligand1314 All attempts to isolate8 have failed.

Remarkably 3 was also generated upon heating at°80for 4
h, a mixture ofl and Bypin, (1.3 equiv), as a result of BB bond
breaking.

A C;Dg solution of2 in a NMR tube was kept under dihydrogen
atmosphere, and the reaction was monitoreéHhy?'P, 1B NMR.
Total conversion int@ and HBpin was first observed. After several
hours, conversion @ into 1 was finally achieved, and HBpin was
gradually hydrolyzed into Bin,O due to traces of watép.3 is
thus an intermediate in the formation2&nd in the reverse reaction
leading back tdl. Although none of the two suggested structures
A or B can be ruled out, all these observations and specifically the
slow conversion of3 into 1 are in favor of the dihydrogen-
(dihydroborate) structurB, RuH[(u-H),Bpin](H2)(PCys).. This is
another example of the ruthenium ability to accommodate hydrogens
around its coordination sphere, either as terminal or bridging
hydrides or as dihydrogen ligands.
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We have previously demonstrated tiaserves as an efficient
catalyst precursor for hydrosilylation or dehydrogenative silylation
of ethylene leading to the formation of vinylsilan€sThe activity
of 1 as catalyst precursor for hydroboration was thus examined.
Preliminary experiments show that in toluene, selective hydro-
boration of ethylene (3 bar) by HBpin (100 equiv) intgHgBpin
is achieved (100% yield by GC), whereas in THF a competitive
reaction leads to the formation of the vinylborangieBpin in 23%
yield (eq 1)!” The boron products were characterized by NMR and
GC—MS.

1or2

HBpin + CoHy  — = = Bpin + 27 “Bpin+ CHg (1)
Remarkably, the same results were obtained wheras used

as the catalyst precursor. Using 20 bar of ethylene favors the

formation of vinylborane, a versatile reagent for organic synthesis.

Indeed, 1000 equiv of HBpin were converted in 15 min at room

temperature into 56% of ££1;Bpin and 44% of GHsBpin. The role

in the catalytic cycle oR, bearing as-borane, a dihydridoborate,

and a hydride coordinated to the same metal, needs further

investigations. Theoretical studies and the results with other olefins

and boranes will be reported in due course.
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