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The heterolytic activation of dihydrogen has been recognized as Scheme 1

one of the fundamentally important reactions in organometallic
chemistry and catalysisThe heterolysis of dihydrogen on transition Hp(t0atm)
metals has also been claimed as a key step for the hydrogen I Ge\ v \ to.ue,,e Toluene, 75 °C I Ge\sﬁ” De /Gf ‘S 7‘{

metabolism in nature mediated by hydrogenases, where dihydrogen . PPhs

is reversibly transformed into two protons and two electrons via a

heterolytic cleavage mechanism (ec? Blthough there are many

examples of heterolytic Hcleavage promoted by transition metal Q o TIBA,

complexes; > reports on the reversible transformation between ﬁ Hy (1 atm) H,0
Ge.g-R

dihydrogen and protons electrons are limiteé.
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In the course of our studies of transition-metal/germanium mixed- the Ru-OH bond, or a direct-bond metathesis mechanism may
metal complexe$we have reported that the S/O bridged dinuclear pe operative between the R®(H) bond and H In either way,

Ru-Ge complex Dlmp(Dep)Gp(S)(u-O)Rlu(PFg) (1) activates the weaker RtrO_H bond, re_Iative Fo tl_1e RuO bond of1, could
dihydrogen heterolytically to afford two isomeemnti-2 andsyn2 be a reason behind the facile; Hctivation by3.

; ; _ The X-ray derived structure of is shown in Figure 2. The
(Scheme 1 (top), Dmp= 2,6-dimesitylphenyl, Dep= 2,6- X ;
diethylphenyl)’2 This reaction however occurs rather slowly even Ru(1)-H(68) distance is understandably elongated compared to the

at 75°C under 7.5-10 atm of H. Herein we report that the related ~ {6rMinal Ru-H bonds ofanti-2[1.57(3) Al andsyn2 [1.55(2) A]
and is similar to those qf-hydride complexes such gg§°CsH3),-

——
S/OH bridged dinuclear RuGe complex cation, [Dmp(Dep)Ge (SiMey)2} IRUx(COY(u-H)](BF ) [1.741(4), 1.768(5) A] and f-
- _ 1 - -

(u-S)(-OH)RU(PR)](BArFs) (3), which was synthesized quanti CHVE“;“E_)'?”CHW Chu H|) [1'75t(hz)' tlﬁ76p(a3) A]é; Tl';‘e dGeb(ltf
tatively by the protonation ot with H(OEb),BArf, (ArF = 3,5- (68) distance is even longer than the RufEH(68) bond, but is

horter than that of (depgCO)Mo(@;>-H—GePhH) [2.08(6) A] 1t
H),? | | | 3
(CR)2CeHa),™ promotedacile and reversible plactivation leading indicating a weak bonding interaction between Ge and the hydride

—
to H,O and the S/H bridged RuGe complex cation [Dmp(Dep) on Ru. The Ge(HRu(1) distance of 2.5812(5) A is somewhat
longer than those of the RiGe o-bonds of (GHg)Ru(CO)(GeCl),
- - F
Gel-S)u-H)RUPR)I(BATT) (4). [2.408(2) A] andcis-Ru(COGeCh), [2.481(5) A]12
When a toluene solution & was stirred at room temperature : .
. ; Theu-hydride complexd was found to react slowly with excess
under an atmospheric pressure of the color of the solution turned

from reddish yellow to light yellow, and the-hydride complex4 E ;(a)t’erde?s%g?ttlinn@tﬁgdp:.s\é\:wieenoafl tl)gn;gssﬁ éolgggz gffi xzz
was isolated quantitatively. Thus, in contrast to the sluggish activity . . =

. : i converted to3 in 17 h, and concomitant formation of,Hvas
of 1tO.W ar_d H, protonation qf the:-O ".].1 to produces facilitates detected by*H NMR. Therefore, activation of by 3 occurs
Ha actlvatlop under much mllde.r conditions, ge ngra@lnmd HO? reversibly. The removal of Hs required to facilitate kiformation,
The formation of HO was confirmed by monitoring théd NMR
of the reaction in benzerg: In this reaction, a dihydrogen molecule
is heterolytically cleaved b8 and is converted to a hydride bridging
Ru and Ge i and to a proton trapped by theOH of 3 to form
H,0 which dissociates (Scheme 1 (bottom)). According to a kinetic
study using'H NMR, the reaction under 1 atmytbbeys pseudo-
first-order kinetics for3, namely, —d[3]/dt = ky[3], with a rate
constanky = 2.1(1) x 104 s ! at 298 K. The rate was not affected
by the presence of 5 equiv PPWe have also monitored the
reaction of3 with 1 atm D in benzeneds by *H NMR. Signals for
HD and H, appeared within 5 min, along with the signals of the
u-OD complex,3-d; (D content 70%), and the-D complex4-d;

D content 90%). Note that the reaction4find Dy in 5 min did
( ) D Figure 1. ORTEP drawings of. Selected bond distances (A) and angles

not give HD. (deg): . .
- - o 9): @ Ru(1)-S(1), 2.4611(7); Ru(HP(1), 2.3402(10); Ru(HH(68),
The H; activation by3 may be initiated by the coordination of 1 77(3); ‘Ge(1)}H(68), 1.91(2); Ge(1}S(1), 2.1594(10); Ru(BGe(l),
H, to a vacant site at Ru, for example, created by dissociation of 2.5812(5); Ru(1)S(1)-Ge(l), 67.56(2); Ge(H)H(68)—Ru(1), 89.0(11).
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Scheme 2

BArF,
NEt,OH or NaH

H(OEt,),BAr,

and only 5% of4 was converted t@® even after 12 h, when the
reaction was conducted in a sealed NMR tube. Another important
property of4 is the characteristic protonic behavior of fiiaydride.
Complex4 does not react with Brgnstead acids such as H{@Et
BArF, and HOTf. On the other hand, the treatment with tetraethyl-
ammonium hydroxide or sodium hydride resulted in quantitative

formation of [Dmp(Dep)Ge(-S)Ru(PR)] (5) (Scheme 2). Con
versely, the protonation & by H(OEb),BArF, in toluene gavet,

again quantitatively. The molecular structureSpfdetermined by
X-ray analysis, is shown in Figure 2. Upon deprotonatiod,dhe

Ru—Ge distance is shortened by 0.153 A, and the-Rubond
length of5 is also 0.035 A shorter than that 4f

Figure 2. ORTEP drawing ob. Selected bond diste;nces (A) and angles
(deg): Ru(1)-Ge(1), 2.4285(5); Ru(3)S(1), 2.4860(5); Ru(H)P(1),
2.3048(6); Ge(1yS(1), 2.1877(5); Ru(h)S(1)y-Ge(1), 62.228(14).

Interestingly, the acidity of the-hydride of4 is sufficiently high
to transforml into 3. When a @Dg solution of 1 with a catalytic
amount of H(OEf),BArF, (1 mol %) was heated to 7 for 24 h
under an H atmosphere; and HO were formed in 95% vyield. In
this catalytic conversion df to 5, H, is consumed formally as two
protons generating #D, and two electrons which are stored5n
as the Ge-Ru bond or as Ru d-electrons (Scheme 3). Thus,
activation of H using Ge-Ru complexes as described in this paper
provides an intriguing functional model of hydrogenases. In
particular, it may mimic the interconverson among the various states

Scheme 3 @

|
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aThe catalytic cycle is initiated by a trace of H(QRBArF, converting
1to 3.

of [NiFe] hydrogenase. The [NiFe] hydrogenase contains a dinuclear
Ni—Fe framework bridged by two cysteine thiolates and an O-donor
ligand in the inactive oxidized/reduced forfghe O-donor ligand

is absent in the active reduced form, and the nickel approaches the
iron, either to form a direct NiFe bond or au-hydride bridged
metal pair? In this regard, the--O complexl, theu-OH complex

3, and theu-H complex4 may respectively correspond to the
Ni-SU, the Ni-S|;, and theNi-Sl, states of [NiFe] hydrogenase
presumably with a common oxidation st Further, comples
could be a model of the active reducki@tC (or the Ni-R) state.
Another important observation from our studies of this+ae
system is that the.-OH complex3 reacts with H much more
readily than the:-O complex1.
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