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Summary: Treatment of a chloride-bridged tetraruthenium Scheme 1
complex with tetramethyldiphoshine and tetraphenyldiphosphine  cp-Ruqs-ci, (1)

affords a different type of diphosphine-bridged diruthenium
complexes, which are further transformed into the corresponding
cationic complexes by treatment with:sit trifluoromethane-
sulfonate. Some diphosphine-bridged diruthenium complexes
show a catalytic actiity toward the quantitatie cyclotrimer-
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The synthesis and reactivity of multinuclear complexes have THF, 11, 16 h

attracted considerable attention because of their potential LiBEtsH (2 eq)
applicability to effective organic transformatioh$The choice CPLRU/C'\RU/CW OTf or Na-Hg (2 eq) Crl L, /”\RU,CP—*|OTf

of suitable bridging ligands is a very important factor to \M\egP—/II’MeQ THF, 1, 16 h \NEQP— (e,

construct the desirable multinuclear skeletons effectively. For we,p——pwe, Me,P PMe,

example, bis(diorganophosphino)methanes such as dppm (1,1- 4 6
bis(diphenyl)phosphinomethane @PICH,PPh)) are known to

work as bridging ligands to give the dinuclear compléteat  together with their stoichiometric and catalytic activity for some

provide suitable reactive sites to facilitate the simultaneous grganic transformations.
activation and transformation of substrate molecules. On the
other hand, tetraorganodiphosphinesRRPR,) are often used

as other types of bridged ligands, where two metal centers
coordinated by tetraorganodiphosphines can be fixed in closer Treatment of a chloride-bridged tetraruthenium(ll) complex
proximity because the two phosphorus atoms in tetraorgano-[Cp*Ru(us-Cl)]4 (1; Cp* = 55-CsMes) with 4 equiv of tetram-
diphosphines are connected directly. A variety of diphosphine- ethyldiphosphineZa; Me,P—PMe) in tetrahydrofuran (THF)
brldged dinuclear Complexes are knOWn, but most of them are at room temperature for 16 h afforded the Corresponding
limited to the complexes bearing carbonyl ligands and their diphosphine-bridged diruthenium complex [Cp*RuGHMeP—
analogued. In addition, the reactivity of the diphosphine- PMe)]2 (3) in 53% isolated yield (Scheme 1). The use of 2
bridged dinuclear complexes has not yet been investigated inequiv of2aresulted in the formation & in only 22% isolated
detail up to now. Herein, we report the synthesis and charac- yield. The complexd was revealed to be thermally very stable,
terization of diphosphine-bridged diruthenium complexes gnd no phosphorusphosphorus bond cleavage occurred even
when a solution o83 in 1,4-dioxane was heated at 100 for

(1) (a) Catalysis by Di- and Polynuclear Metal Cluster Complexes 16 h. Next, treatment oB with 1 equiv of silver trifluo-

Results and Discussion

Adams, R. D., Cotton, F. A., Eds.; Wiley-VCH: New York, 1998. [#¢tal- . ;
Metal Bonds and Clusters in Chemistry and CatalyB@ckler, J. P., Ed.; romethanesulfonate (AgOTf; OH SO:CF) in THF at room_ .
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Figure 1. ORTEP drawings 08. Hydrogen atoms are omitted for
clarity. Thermal ellipsoids are drawn at 50% probability. Selected
bond lengths (A), angles (deg), and torsion angles (deg):—Rul
Cl1, 2.4700(13); RutP1, 2.2885(12); RutP2*, 2.2854(9); P+

P2, 2.2490(13); PARul-P2*, 94.43(4); CI+Rul-P1, 89.77(4);
Rul-P1-P2, 124.22(5); CI+Rul-P1-C11,—175.98(15); Cl+
Rul-P1-C12, 67.71(17).

are omitted for clarity. Thermal ellipsoids are drawn at 50%
probability. Selected bond lengths (A), angles (deg), and torsion
angles (deg): RuiCl1, 2.451(1); RutP1, 2.301(1); P%P2,
2.261(2); P Rul-Cl1, 83.22(4); P3Rul—-Cl1, 90.37(4); P3
Rul-P1, 91.44(4); RutP1-P2, 115.52(5); RutCl1—Ru2, 115.09-

(4); P1-Rul—Cl1—Ru2, 50.09(3); CI+ Ru2—P2—-P1, 11.03(5);
Rul-P1-P2-Ru2, 21.80(8).

4 in 38% vyield. The formation 05 means that oxidation from
Ru(I)—Ru(ll) to Ru(lll)—Ru(lll) proceeded in place of the
removal of the chloride ligand with AgOTf. The reaction4f
with 2 equiv of LIBEgH in THF at room temperature for 16 h
gave the corresponding hydride-bridged diruthenium complex
[Cp*Ru(uz-H)(u-MeP—PMey),RuCp*|OTf (6) in 46% isolated
yield. When4 was treated with 2 equiv of NeHg at room
temperature, the complékwas also obtained in 70% isolated
yield. In the latter case, it is considered that one-electron
reduction of4 with Na—Hg results in the initial formation of
the Ru(l)-Ru(ll) mixed-valence intermediai& which abstracts

a hydrogen atom from THF.

op:. opl*
Ru Fllu
\M\ezP— LPMe,
Me,P=——PMe,

7

The diphosphine-bridged diruthenium complexgs%) were
characterized byH and3P{'H} NMR spectroscopy, and the
molecular structure of the diruthenium complexes was confirmed
by X-ray analysi$-7 ORTEP drawings of diruthenium com-
plexes 8—5) are shown in Figures-13, respectively. As shown

(5) Crystal data foB: CugHs4CloPsRW, fw = 787.68, triclinic,P1, a =
8.3837(4) Ab = 8.8397(4) A,c = 12.2277(4) Ao = 103.4234(16), 3
=99.937(2), y = 106.0421(11), V= 819.50(6) B, Z = 1, 7885 reflections
measured, 3665 uniqu&g: = 0.039),R; = 0.0380,wR. = 0.0840, GOF
=1.02.

Notes

Figure 3. ORTEP drawings 0%. Hydrogen atoms and OTf anions
are omitted for clarity. Thermal ellipsoids are drawn at 50%
probability. Selected bond lengths (A), angles (deg), and torsion
angles (deg): RuiCl1, 2.403(1); Ru%ClI2, 2.409(1); RutP1,
2.383(1); Ruz-P2, 2.293(1); PxP2, 2.235(2); PtRul-CI2,
76.23(4); P3-Rul—P1, 118.48(6) RutP1-P2, 111.16(6); Cl2
Rul-ClI1, 128.88(5); Cl+Rul-CI2—Ru2, 0.46(6); Cl+Rul-
P1-P2,—81.79(5); Cl2-Rul-P1-P2, —60.9(2).

Figure 4. ORTEP drawings 08. Hydrogen atoms are omitted for
clarity. Thermal ellipsoids are drawn at 50% probability. Selected
bond lengths (A) and angles (deg): RtR1, 2.315(2); RuCl1,
2.4732(13); P2 P1* 2.321(2); CI+Rul-ClI1*, 81.41(4); Cl+-
Rul—-P1, 85.74(5); RutP1-P1*, 106.97(7).

Scheme 2
[Cp*Ru(us-Chls (1)

Phy,P—-PPh, (2b) (2 eq)

THF, 1t, 16 h
cpr P e cpr 10T
/
Cl—\—Ry— AgOTi (2 ¢ Cl—\—Ry—
\R\UR*CI gOTf (2 eq) \Flj —Ru—cl
- THF, it, 16 h -
PhPp— 2 PhPp— 2
8 9

in Figure 1, the diruthenium compleX has a chairlike six-
membered ring including two Ru atoms and two diphosphine
skeltons, and the two Cp* and two chloride ligands are present
in trans-configuration to each other. As shown in Figures 2 and
3, the diruthenium complexebsand5 have boatlike and half-
chairlike six-membered rings, respectively, where two Cp*Ru
units are bridged by two diphosphines and a chloride ligand. In
both cases, two Cp* and the bridging chloride ligands are

(6) Crystal data fod-0.5E40: Cz1Hs9CIF303 sPaRWS, fw = 938.35,
triclinic, P1, a= 11.0196(7) Ab = 11.3090(9) Ac = 16.559%) Ao =
94.454(3), p = 94.477(3}, y = 102.337(3), V = 2000.4(3) R, Z = 2
18900 reflections measured, 9056 unigRg:(= 0.054),R; = 0.044,wR,
= 0.113, GOF= 1.071.

(7) Cry§ta| data f05'2CH2C|2: C32H58C|5F506P4RU282, fw = 1255.67,
triclinic, P1, a=11.9463(2) Ab = 13.3412(1) Ac = 17.3660&?) Ao =
72.970(2y, p = 78.210(2), y = 67.329(1), V = 2423.86(8) A, Z = 2,
10868 reflections measured, 10858 unigig: & 0.074),R; = 0.048,WwR,
= 0.117, GOF= 1.05.
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drawings of8 and9 are shown in Figures 4 and 5, respectively.
The molecular structure @& is similar to that of the reported
tetraphenyldiphosphine-bridged diruthenium complexes such as
[MN(CO)3(uz-Br)(uo-PheP—PPR)MN(CO)]*d and [Re(COXuo-
Br),(uz-Ph,P—PPh)Re(CO}].#¢ The bond distance between the
two ruthenium atoms i8 was revealed to be 3.68 A, indicating
the absence of a rutheniumuthenium bond between them. In
contrast, the bond distance between the two ruthenium atoms
in 9 (2.88 A) is shorter than that & and is typical for a Rtt
Ru single bond (2.743.02 A)10

Some chemical reactivities of the produced diphosphine-
bridged diruthenium complexes were next examined. The
stoichiometric reactions of these diruthenium complexes with
Figure 5. ORTEP drawings o8. Hydrogen atoms and OTf anion terminal alkynes did not give the corrgsponding vinylidene or
are omitted for clarity. Thermal ellipsoids are drawn at 50% alkyne complexes, but some diruthenium complexes such as
probability. Selected bond lengths (&) and angles (deg): -Rul and 4 were revealed to have a catalytic activity toward the

Ru2, 2.8837(1); RuxCl1, 2.381(2); RutP1, 2.343(2); P1P2, cyclotrimerization of ethyl propiolate, giving benzene deriva-
2.303(3); RutCl1—Ru2, 74.45(16); RutRu2-P2, 82.66(6); tives. Thus, the use of 1 mol % of the diruthenium com@Bex
Rul-P1-P2, 97.14(10). or 4 as a catalyst at 108C for 24 h in toluene afforded them
guantitatively as a mixture of two regioisomers. Some mono-
Scheme 3 nuclear ruthenium complexes such as [Cp*RuCl(cod)] (eod
CO,Et CO,Et 1,5-cyclooctadiene) have already been known to catalyze the
o 1 mol% 3 or 4 CO,Et facile cyclotrimer_iz_ation of activa_ted terminal aI_kyr_fésAI- _
H—=—CO,Et toluene + though the reactivity was lower in our case, this is the first
100°C, 24 h EtO,C EtO.C CO,Et successful example of the catalytic reaction promoted by

diphosphine-bridged diruthenium complexes.

In summary, we have prepared a new type of diphosphine-
bridged diruthenium complexes by using tetramethyl- and
tetraphenyldiphosphines. Some diruthenium complexes have
been found to promote the catalytic quantitative cyclotrimer-
ization of ethyl propiolate to the corresponding benzene
derivatives.

3: >99% GLC yield (54/46)
4: >99% GLC yield (56/44)

arranged irsyn:position. Although the distance between the two
ruthenium atoms i and5 (4: 4.14 A; 5. 4.07 A) is shorter
than that in3 (5.18 A), no rutheniumruthenium bonds are
observed in all cases. The hydride-bridged diruthenium complex
6 was characterized byH and 3P{'H} NMR spectroscopy
along with a preliminary X-ray analysis. Compléxas a similar
boatlike structure to that of complexds

On the other hand, treatment of [Cp*Ri{Cl)]4 (1) with 2
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