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A face-capping bonding mode for aromatic ligands in orga-
nometallic clusters has received considerable attention from 
organometallic chemists as a molecular model for adsorbed 
aromatic hydrocarbons on the surface.1"3 Recently, detailed 
studies on 0*3:jj

2:ij2:?72-benzene)M3(CO)9 [M = Ru, Os]2*"1 and 
[̂ 3:»?2:»?2:»?2-(substituted benzene)] [CO(JJ5-C5H5)]3

3 were reported, 
revealing the unique structures, electronic properties, and dynamic 
behavior of the coordinated arene ligands on the face of a 
trimetallic triangle. Of particular interest for this class of 
compounds are the potential reactivities of the arene ligands on 
the cluster framework, which may prove to be a novel aspect of 
the reactions and catalysis of organometallic clusters. However, 
the face-capping arene ligands so far reported are generally stable, 
and harsh reaction conditions are required for their trans
formation. lc2a'ef We report here the preparation of a triruthenium 
cluster with acenaphthylene as the face-capping ligand and its 
high reactivity toward the reaction with H2. The reaction of 
Ru3(CO)i2 with acenaphthylene gave (/U3:i?2:??3:j)5-acenaphthylene)-
Ru3(CO)7 (1), the hydrogenation of which produced a novel 
hydride complex having a ^2-fulvene structure, (fi2'-Vu-Vim4,5-
dihydroacenaphthylene)Ru3H2(CO)7 (2) (SchemeI). Molecular 
structures of 1 and 2 unequivocally show that this first hydro
genation of the face-capping arene ligand on a cluster framework 
results in partial hydrogenation of the acenaphthylene ligand in 
1, involving slippage of the acenaphthylene framework from the 
face of the Ru3 triangle to an edge position. 

Preparation of 1 was done by the reaction of Ru3(CO)i2 with 
acenaphthylene in heptane under reflux for 24 h. The formed 
precipitates were purified on a silica gel column (CH2CI2) to give 
1 as dark brown crystals in 92% yield.4 The X-ray structure of 
1 shows that the asymmetric unit contains two crystallographically 
distinct and independent molecules which are chemically equiv
alent. One of the molecules is shown in Figure 1. The Ru3(CO)7 
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(4) Crystallographic and spectral data for 1: C38.50H17O14CIRU6, space 
group P2/n, a = 20.3092(7), b = 9.347(2), and c =20.4772(8) A, /3 = 93.028-
(3)°, Z = 4, RF and RwF of 0.070 and 0.076, respectively, for 4527 reflections 
with F0 > 5<r(F0); 'H NMR (CDCl3) S 6.47 (d, J = 6.35 Hz), 6.24 (dd, J = 
5.86,9.28 Hz), 6.00 (d, J = 2.44 Hz), 5.80 (d, / = 9.28 Hz), 5.57 (t, J = 6.35 
Hz), 5.47 (d, J = 5.86 Hz), 4.89 (d, J = 2.44 Hz), 2.51 (d, J = 6.35 Hz); 
13CNMR (acenaphthylene region; CDCl3) S 38.0,66.0,68.9,79.0,79.9,82.3, 
84.8, 88.4, 99.0, 116.4, 125.6, 130.4; (CO region; THF-J8; -60 'C) 6 188.6, 
192.0, 195.4, 203.6, 204.4, 207.0, 264.6; IR (KBr) 2024, 2030, 2010, 1996, 
1986, 1953, and 1770 cm-'. 

Figure 1. ORTEP view of 1. Important bond distances (A) and bond 
angles (deg): Ru(l)-Ru(2) = 2.876(2), Ru(2)-Ru(3) = 2.748(2), Ru-
(1)-Ru(3) = 2.939(2), Ru(I)-C(I) = 2.21(2), Ru(l)-C(2) = 2.27(2), 
Ru(I)-C(IO) = 2.25(2), Ru(I)-C(11) = 2.28(2), Ru(l)-C(12) = 2.27-
(2), Ru(2)-C(5) = 2.45(2), Ru(2)-C(6) = 2.29(1), Ru(2)-C(7) = 2.46-
(l),Ru(3)-C(8) = 2.28(2),Ru(3)-C(9) = 2.36(2); Ru(2)-Ru(l)-Ru(3) 
= 52.39(4), Ru(l)-Ru(2)-Ru(3) = 62.96(5), Ru(l)-Ru(3)-Ru(2) = 
60.65(5). 

Scheme I 

moiety contains two terminal CO ligands to each Ru atom and 
one bridging CO ligand across the Ru(2)-Ru(3) bond. The 
acenaphthylene ligand is bonded over the face of the Ru3 triangle. 
The face-capping coordination causes distortion of the acenaph
thylene ligand from the planarity with mean deviation of 0.07 A 
for each molecule. The ruthenium-acenaphthylene distances 
indicate that the acenaphthylene ligand is bonded to each Ru 
atom in 7j2-olefin, ?73-allyl, and 775-cyclopentadienyl modes, and 
the carbon-carbon double bond within the six-membered ring 
remains uncoordinated. The ir-cyclopentadienyl -* metal co
ordination is often observed as a partial structure of di- or 
polynuclear compounds of azulenes5 and diiron complexes of 
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Figure 2. ORTEP view of 2. Important bond distances (A) and bond 
angles (deg): Ru(l)-Ru(2) = 2.833(1), Ru(2)-Ru(3) = 2.858(1), Ru-
(1)-Ru(3) = 2.666(1), Ru(2)-C(l) = 2.229(8), Ru(2)-C(2) = 2.211-
(6), Ru(2)-C(3) = 2.297(5), Ru(2)-C(l 1) = 2.352(8), Ru(2)-C(12) = 
2.360(6),Ru(3)-C(4) = 2.150(7),Ru(l)-H(ll) = 1.49(4),Ru(l)-H(12) 
= 1.55(4), Ru(3)-H(ll) = 1.86(4), Ru(3)-H(12) = 1.96(4); Ru(2)-
Ru(l)-Ru(3) = 62.55(3), Ru(l)-Ru(2)-Ru(3) = 55.86(2), Ru(I)-Ru-
(3)-Ru(2) = 61.60(3),Ru(2)-Ru(3)-C(4) = 83.0(2),C(3)-C(4)-Ru(3) 
= 91.1(4). 

acenaphthylene.6 The closest structure analogous to 1 would be 
/t3-(azulene)Ru3(CO)7,

5b which has the x-cyclopentadienyl -»• 
Ru coordination and a rather unusual ir-dienyl ligand bound to 
two Ru atoms bridged by a CO ligand with two metal-olefin 
bonds and a three center Ru-C-Ru bond. In contrast, interatomic 
distances of 1 indicate that three ruthenium atoms coordinate to 
acenaphthylene with normal olefin-metal, x-allyl-metal, and 
7r-cyclopentadienyl-metal bonds. 

Hydrogenation of 1 occurred in CH2Cl2 at room temperature 
for 9 h under 1-8 atm of H2 to give a novel triruthenium hydride 
cluster (2) in 73% yield as yellow crystals.7 The X-ray structure 
of 2 revealed that the complex consists of a 4,5-dihydroacenaph-
thylene ligand and a Ru3H2(CO)7 moiety, as shown in Figure 2. 
The Ru3H2(CO)7 moiety, having seven terminal CO ligands, 
contains two bridging Ru-H bonds between Ru(I) and Ru(3). 
The dihydroacenaphthylene ligand is bonded to two Ru atoms 
in the cluster framework in the fi2-fulvene coordination mode, 
similar to the bonding observed in several dinuclear metal carbonyl 
complexes with bridging fulvene ligands8 The fulvene plane in 
the dihydroacenaphthylene ligand makes an angle of 48.5' with 
the Ru3 plane. 
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Z = 8, RF and RvF of 0.0398 and 0.0227, respectively, for 3295 reflections 
with F0 > 3<T(F0);

 1H NMR (CD2Cl2) i 7.26 (d, IH, J = 7.3 Hz), 7.11 (t, 
IH, / - 7.3 Hz), 6.75 (d, IH, J = 7.3 Hz), 6.24 (d, IH, J = 2.9 Hz), 4.58 
(d, IH, / = 2.9 Hz), 4.27 (br s, IH), 2.52-2.77 (m, 2H), 2.06-2.30 (m, 2H), 
-9.01 (d, I H , / = 4.4 Hz),-12.96 (d, IH, J = 4.4 Hz); 13C NMR (CD2Cl2) 
S 23.2, 23.9 (CH2), 30.1 (CH2), 69.9, 76.9, 78.6, 105.7, 111.5, 118.7, 123.3, 
130.7,136.7,185.8,189.0,194.8 (two C), 196.1,200.0,203.5; IR (KBr) 2082, 
2017, 1987, 1955, and 1940 cm"1. 
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The formation of 2 from 1 revealed the following. First, 2 mol 
of H2 react with 1 to form two bridging Ru-H moieties and 
contribute to partial hydrogenation of the acenaphthylene ligand. 
This is the first example of successful hydrogenation of arenes 
on the face of the trimetallic cluster. Second, the hydrogenation 
takes place at a C-C double bond within the six-membered ring 
of the acenaphthylene ligand to give the 4,5-dihydroacenaph-
thylene ligand. Hydrogenation of acenaphthylene usually takes 
place at the C-C double bond within the five-membered ring to 
give acenaphthene.9 Furthermore, 4,5-dihydroacenaphthylene 
itself is unstable and, to our knowledge, has never been isolated. 
Coordination to the Ru3 cluster with the fi2'-V

l-Vs mode contributes 
to the special stabilization of this unstable species. Third, the 
position of the acenaphthylene plane is shifted from the face of 
the Ru3 triangle to the edge position during the hydrogenation. 
Dramatic alternation of the coordination mode from the mrf: 
j73:?75-face-capping to the ^^'^-fulvene occurs concomitantly, 
explainable by a process involving a dynamic hapticity change 
of the acenaphthylene ligand during the hydrogenation.10 

In sharp contrast to the general robustness of the face-capping 
jt3:»j2:?j2:Tj2-arene ligands,2'3 high reactivity of the face-capping 
acenaphthylene ligand for the hydrogenation on the cluster 
framework is observed here. The face-capping acenaphthylene 
ligands are also sensitive to CO, and facile decapping of the 
acenaphthylene ligand instantly takes place at room temperature 
under a CO atmosphere to regenerate acenaphthylene and Ru3-
(CO) 12 in quantitative yields. These features suggest that clusters 
with face-capping arene ligands are no longer a simple static 
model for surface chemisorbed species but are an intriguing 
starting point for exploring new reactions on the transition-metal 
clusters.11 
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