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The functionalization of €H bonds remains a problem of great
current interest with many recent important advaricéurai
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Figure 1. Molecular structure o. Selected bond (A) and angles (deg):

has reported effective systems for the catalytic functionalization RU~P(1), 2.3889(9); R&tP(2), 2.3671(9); RN, 2.108(2); Ru-C(11),

via cyclometalation of aromatic hydrocarbons containing a
functional group able to coordinate to a metal (typically a ketone
or an amino group).The mechanism of this reaction involves a

C—H activation step to give an ortho-metalated species which

appears to be the resting state of the catdR/Fhe activation
process involves first the coordination of the-B bond in an
agostic configuration which is followed by a second step which

can be an oxidative addition or a deprotonation of this agostic

intermediate as recently proposed by Milstein et @his step

2.528(3); Ru-H(1b), 1.924(33); RuH(la), 1.528(20); RuH(1lc),
1.564(20); Re-H(2c), 1.547(21); H(1eyH(2c), 0.82(4); P(2rRu—P(1),
163.56(3); N-Ru—P(2), 93.99(6); N-Ru—P(1), 96.24(6); H(layRu—
H(1b), 163.54(14).

the synthesis of a novel hydrido dihydrogen complex containing
an aromatic agostic-€H bond characterized by X-ray diffraction,
as well as by multinuclear NMR and its equilibration with a
dihydrogen ortho-metalated species.

could be assisted by a hydride to give a dihydrogen complex as  We have recently described the synthesis of hydrido dihydrogen

suggested by Albeniz and Crabtfebut no direct evidence for

complexes containing an ortho-metalated phenylpyridine ligand,

this process is currently available. Different fluxional processes RUH(H2)(0-CeHapy)(PRy)2 (R = 'Pr, 1a, R = Cy, 19)-19 Proto-
involving agostic or ortho-metalated species have also beennation of1a by HBArf (HB[CeHs(CFs)o]4) at —20 °C in THF

proposed to be assisted either by the metal or by a hyérfde.
As a result of our interest for the stoichiometric reactivity and

yields [RuH(H)(0-CsHspy)(PPr),][BArT] ( 2) isolated by crystal-
lization in THF/E O and fully characterized by classical tech-

catalytic applications of ruthenium complexes containing several Niques® as well as by an X-ray crystal structure analysis carried

coordinatedr-bonds!' 13 we have looked at the coordination of
C—H bonds. A few complexes containing two coordinatedHC
bonds were known prior to this wofK.In this paper we describe
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out at 140 K (see Figure 1§.The significant features are a cis
geometry for the hydride and dihydrogen ligands, arHH
distance (0.82 (4) A) significantly shorter than that found far
(1.09 (4) AY7, even if care must be taken when considering X-ray
data, the agostic €H interaction (Ru-H(1b) = 1.924 (33) A,
Ru—C(11) = 2.528 (3) A, C(11}H(1b) = 0.96 (3) A), and a
torsion between the phenyl and the pyridyl planes (27.%).(4)
The agostic interaction 2 can be detected b}*C NMR
spectroscopyd-THF, 173 K) by the presence of a peak at 111.2
ppm displaying a reduced coupling constadg_(; = 128 Hz)
and by a 1D-gs-HMQC experiment. il NMR, a broad peak
for both the hydride and the dihydrogen ligand is present at room
temperature at-13.7 ppm. This signal displaysTami, of 16 ms
at 243 K @-THF, 300 MHz). Below this temperature, a
decoalescence is observed to give a triplet 24.12 ppm Jp—4
= 18 Hz) for the hydride and a broad signal-at3.02 ppm for
the dihydrogen ligand. The activation energy for this process was
determined by line shape analysis to A&* = 42.0 + 5.6
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Scheme 1.Protonation ofltain THF o +25.0
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S i X | Figure 2. Calculated reaction pathway for the equilibrium between the
PPrg P'Prg hydrido dihydrogen agostic forn# and the metalated bis(dihydrogen)
2 3 form (5). Distances (A):4, Ru—H1 2.105, G-H1 1.108, Ru-N 2.109,

kJmol! at 243 K. This is similar to what has been observed Ru—H2 1.702, H2-H3 0.887, Ru-H4 1.566, Ru-P 2.353;5, Ru—C
with 1a, but in the present case, no exchange couplings are 2:064, Ru-H11.720, HI-H2 0.855, Ru-N 2.087, Ru-H3 1.843, H3-
observed? Upon deuteration, d_p of 23 Hz can be estimated ~ 4 0-818, RuP 2.364. . .
for coordinated H-D. In the aromatic region, broad peaks are therefore cannot accumulafeS,s is formally a ruthenium(1V)
observed at 6.18 and 7.95 ppm at room temperature. A decoa-derivative and hence the—H activation proceeds through an
lescence is observed below 243 K into peaks at 4.14 and 8.220xidative addition. The complex resulting from issociation
ppm and 7.87 and 8.30 ppm corresponding respectively to thefrom 4 has an energy 25.9 keatol™* above4, and therefore, a
protons H1b and H7 on one side and H8 and H10 on the other of Pathway involving proton transfer through this intermediate is
the agostic phenyl ring. The chemical shift found for the frozen ruled out. No pathway has been found for a direct transfer
agostic proton Hib (4.14 ppm) is similar but shifted upfield involving deprotonation of the agostic C-H bond.
compared to that observed by Crabtree in an agostic diphenyl- The reactiort==5and the easy rotation of dihydrogéallow
pyridine ligand (5.83 ppmf.These data indicate that the phenyl the exchange between the agostic ortho hydrogens and all the
ring rotates around the C8C6 axis with an activation barrier of ~ hydrogen atoms bonded to Ru and hengs@ambling. Complex
AG! = 42.1+ 5.9 kImolt (243 K). This value gives an upper 6, [Ru(Hz)(Me;0)(0-CsHapy)(PH;) ] was optimized as a model
limit for the bond dissociation energy of the agostic interaction, for 3. Me;O (the model for THF) was located in place of the less
quite low in this case. bound dihydrogen ligand, H3H4 (see Figure 2). The HH

2 transforms into a new complekif H, is removed from the ~ distance in6 is 0.867 A and the equilibriur + Me;O = 6 +
THF solution by pumping or upon heating at ca. 5 in an H, is endothermic by 4.8 kcathol™*. This study therefore suggests
NMR tube ad®-THF solution of2 (Scheme 1). The reaction can  the presence of an equilibrium betwezand an unobserved bis-
be reversed when the resulting solutions are placed undeg an H (dihydrogen) species which would readily react with an ether to
atmosphere or left standing for several hours at room temperature Substitute H. This agrees with the above-described experimental
We failed to isolateé3 but we could study its spectroscopic proper- 0bservations and THF coordination is the driving force enabling
ties by NMR spectroscopy displays a broad hydride signal at the transformation of the agostic hydride compinto the
—7.53 ppm (2HT1min = 11 ms,d8-THF, 263 K, 300 MHz) and ~ Metalated dihydrogen speci@s
a characteristi&*C NMR spectrum for an ortho-metalated phenyl- I conclusion, we describe in this paper a novel compgx,
pyridine ligand 6 C(11): 169.0 ppm, br sf Upon deuteration, ~ accommodating both a dihydrogen ligand and a weak agostic
the hydride signal transforms into a 1:1:1 tripldt (o = 27 Hz) bond, for which no precedent is known. Compl@xis in
in agreement with the presence of an unstretched dihydrogenequilibrium with a metalated bis(dihydrogen) species which cannot
ligand. 3 results from the elimination of Hrom 2 and from its ~ be directly observed but a derivative of whi@),(resulting from
probable replacement by THF. This reaction resembles both thethe substitution of one dihydrogen ligand by THF, can be
proposal of Milsteirf, namely the deprotonation of an agostic Stabilized. This process displays a low activation energy because
aromatic G-H bond, here assisted by the presence of a hydride, Of the simultaneous presence of cis hydride and dihydrogen
and the proposed intermediate in the fluxional process of ligands enabling the proton transfer although the activation step
Crabtre€ By placing2 under a deuterium atmosphere, we ob- is @ classical oxidative addition. The ease of this transformation
serve the exclusive deuteration of the ortho positions of the phenyl can give rise to an interesting reactivity for aromatic hydrocarbon
ring of phenylpyridine hence demonstrating the presence of an functionalization which is presently being studied.
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optimized structurd, as a model fog, is in excellent agreement
with the crystal structure o2 (Figure 2). Most noticeably, the

H: ligand (H-H = 0.889 A) in4 s cis to the agostic €H bond preparation of2 and 3, full spectroscopic data, computational details,

as obserV(.ed.irZ. . and X-ray analysis o (PDF). This material is available free of charge
The optimized transition statd,S,s, for the proton-transfer 5 the Internet at http:/pubs.acs.org.
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