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Dihydrogen complexes were a curiosity 20 years ago when the

first paper by Kubas demonstrated that dihydrogen could coordinate
to a metal center without HH bond breaking. The dihydrogen
bonding in W{2-H,)(CO)(PPrs), was established unambiguously
by single-crystal neutron diffraction, showing a+H bond distance
of 0.82 A1l A number of polyhydride species were then reformu-
lated, and the number of dihydrogen complexes grew rapislgst
complexes contain only one dihydrogen ligand in the octahedral
coordination sphere of &danetal. However, very few complexes
containing two dihydrogen ligands are known. Irididrmsmium?
and very recently rheniutrbis(dihydrogen) complexes have only
been characterized in solution by NMR spectroscopy, whereas
chromiun? bis(dihydrogen) complexes have been observed in noble-
gas matrices. The bis(dihydrogen) ruthenium complexes are the only
species that have been isolated as solids: the bis(phosphing) RuH
(7%-H2)2(PCys)2 (1)7 and RuB(n3-Hy)x(PPrs),,8 the mixed phos-
phine(carbene) Rulth?-H,)(PCy)(IMes)? and the Tp compounés
TpRUH@2-Hy), (Tp = hydridotris(3,5-dimethylpyrazolyl)borate or Figure 1. Neutr_qn structure of Rulty?-H,)2(PCyp)2 (2). Ellipsoids drawn
hydridotris(3-isopropyl-4-bromopyrazolyl)borate). The chemistry of 2t 50% probability.
1, incorporating two tricyclohexylphosphines, has been extensively
studied by our group. Due to the presence of two labile dihydrogen
ligands, a fascinating reactivity has been developed. For example
1is used as an entry for the design of otllecomplexes, silane

1). The coordination geometry around the metal center is a distorted
octahedron defined by the two phosphines in a trans configuration
'(making an angle of 168.9(2) two cis dihydrogen ligands and

two hydrides trans to them, defining the equatorial plane. As already

1 .
?nd bofgne cqrrlpoufnd%. 3 Isg IEO an ekfflgllent catalé/st pre(cjufrsor observed in similar complexes, the P atoms are slightly bent toward
or a wide variety of reaction¥ Remarkably,1 may be used for the two hydride ligand&!

hydrogen storage. Up to 10 hydrogen atoms can be abstracted from
1, and the reaction is reversibléThis is the result of a partial Table 1. Selected Bond Distances (&) and Angles (deg) for
dehydrogenation of the cyclohexyl ring of the phosphine ligands, RuHz(7-H2)2(PCypa)2 (2)

leading ultimately to the formation of the hydride complex RuH- neutron?/X-ray? neutron?/X-ray?
N 2 . X

[(7°-CoHa)PCYI[(7>-CoHo)PCye)]. In some catalytic reactions, the 7, 5 2.312(3)/2.3121(4) ReH21 1.764(5)/1.75(4)
formation of |ntermt_ed|ate species _Ieadlng to such part!a_lly dehy- ru—p2 2.307(3)/2,3110(4) RtH22 1.745(5)/1.69(3)
drogenated phosphine can be detrimental for the selectivity, due to Ru—H1 1.628(4)/1.58(4) Rttm11° 1.692(5)
the competition of several catalytic cycles. Thus, we were interested Ru—H2 1.625(4)/1.54(4) ~ Rum2Z 1.702(5)
in preparing an analogous complex in which such reaction could Ru-H11 1.730(5)/1.66(3) HItH12 0.825(8)/0.70(4)

h ) ) . Ru—H12 1.753(5)/1.75(4)  H21H22 0.835(8)/0.78(4)
be limited. We assumed that the tricyclopentylphosphine, with a
more constrained ring, would be a good candidate. In this PIRu-P2 ~ 168.9(1)/168.64(2) H2Ru-H21  173.5(3)/174(1)

. . : P H1-Ru—H2  81.9(3)/73(2 H2-Ru—H22 157.7(3)/1157(2
Communication, we describe the synthesis of a new bis(dihydrogen) H1—R3—H11 157.53()3)/15362(2) mﬂgu—mzzc 99.8(3() JAs7(2)

complex, which displays remarkable activity toward H/D exchange. Hi1-Ru-H12 173.4(3)/176(1)
Treatment of Ruf*-CgH1,)(17%-CgHig) With 3 bar H in the

presence of 2 equiv of tricyclopentylphosphine (P§yp pentane aAt 20 K. P At 100 K. °m11 and m22 are, respectively, the midpoints
resulted in the isolation of a cream-colored solid, analyzed as-RuH of the H11-H12 and H21-H22 separations.

2_ 14 i
(7-H2)2(PCypy)2 (2). The molecular structure @fwas determined The two H-H separations are equal (at 0.825(8) and 0.835(8)

by single-crystal X-ray and neutron diffraction (see Supporting
Information)!>16 This is the first report of a neutron structure
determination of a bis(dihydrogen) complex (see Figure 1 and Table

A) and comparable, for example, to that found in [Ru(dpfb)-
(Ho)]*,*8 a typical value for an “unstretched” dihydrogen ligand,
involving only weakr-back-bonding from the Ru to the dihydrogen
o* orbital. Excellent agreement is also found with the results from

I'ﬁ%%éToﬂﬁ’:ﬁeh;;énce- DFT calculations at the B3LYP level HH bond lengths of 0.853
SILL, Grenoble, France. A).29 There is a slight asymmetry in the bonding of the twg H

17592 = J. AM. CHEM. SOC. 2005, 127, 17592—17593 10.1021/ja055126g CCC: $30.25 © 2005 American Chemical Society
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Scheme 1. Murai’'s Reaction Catalyzed by 2 at Room

Temperature
5 0

@_/<0 v Gy, R0%mo
20 bar Pentane, RT

molecules, as can be judged from the-RHl,) distances (1.730-
(5), 1.753(5) A and 1.745(5), 1.764(5) A). Moreover, these two
ligands are tilted with respect to the coordination plane by 24.6-
(5)° and 22.8(5). The ruthenium-hydride separations are equal
and in the expected range for a classicat M distance (1.628(4)
and 1.625(4) A). The distances between each hydride and the cis
dihydrogen ligand are around 2.1 A, ruling out the presence of any
cis interactior?®

The NMR spectra show th&t is fluxional down to 170 K. In
theH NMR spectrum measured at room temperatureddgCone
triplet is observed at —7.98 Ju_p = 8.0 Hz) for the six hydrogens
in rapid exchange. H/D exchange between the-Rwand the C-D
bonds of the deuterated benzene is observed within 1 h, leading to
the formation of various isotopomers Ryb4_(PCyp), (with x
= 0—6). After 5.5 h, integration of the hydride and the cyclopentyl
proton signals shows 24% D incorporation. This is in remarkable
contrast with the behavior df, which displays no significant H/D
exchange even after 24 h. This observation prompted us to test the
activity of 2 toward the Murai reaction. Indeed, we have previously
demonstrated that was, at room temperature, the best active
precursor for ethylene coupling to a functionalized aré#éNow,
by using2 as catalyst precursor, we found a 90% conversion of
acetophenone to 2-ethylacetophenone within 35 min (see Scheme
1), whereas 10 h was needed in the same conditions Gsisghe
catalyst precursor.

In summary, the use of an alkylphosphine with @riag allows
the stabilization of a new bis(dihydrogen) complex, R@f3Hy)o-
(PCym)2 (2). The single-crystal neutron diffraction study fis
the first carried out for a bis(dihydrogen) complex, confirming the
nature of the hydrogens in the ruthenium coordination sphere and
showing the presence of two “unstretched”, asymmetrically bonded,
dihydrogen ligands. We have also shown tBas$ not only stable
at room temperature but also much more active for H/D exchange
and G-C bond coupling than the well-known complex Ruif-
H2)2(PCw)2 (1). We are currently exploring both the reactivity of
2 and its catalytic activity for a wide variety of reactions, with a
special focus on €H activation, hydrogenation, and dehydroge-
nation reactions.
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