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The synthesis and crystal and molecular structure of Ru,(CO:I~($-C~H~)- 
(q’-CS Hg ) are described. 

In the course of studies [l] on carbonylruthenium complesej of pentalene, 
we investigated thoroughly the reaction of cyclooctatetraene with Ru3(CO), 2r 
and found that, in addition to the previously-established products [2, 31, two 
others were formed in low yield. One of these, the pentalene complex RUDE- 
(C,H,), has recently been described [4]; the other is the subject of this note. 

The infrared spectrum (u(CO)(herane) 2012m, 1987s, 1954s, 1931m, 
1830~ cm+ ) of the new red crystalline complex (I) (m.p. 194”) strongly resembles 
that of Ru~(CO)~(C~H~)(C~H~) (II), whose molecular structure we have reported 
151. Taken in conjunction with analytical data, and mass and ‘H NMR spectra 
1; 4.73m (3H), 4.82t (lH), 5.94t (2H), 6.93t of d (2H), 7.46m (SH), 8.50m (lH), 
8.75m (lH)] this suggested a related structure with formulation Ru,(CO)~(C&H~)~, 
which has now been confirmed by a single-crystal X-ray diffraction study. 

Crystals of I are monoclinic (space group C2/.71), with a = 24.934(11), b = 

12.632(6), c = 14.669(S) A and D = 114.31(2)“. Data were collected on an 
automated Nonius CAD-3 diffractometer with MO-& radiation up to a 26,, of 
45”. The solution was solved by heavy atom methods and refined anisotropically 
to an R factor of 5.9% for 2211 non-zero reflections. 

There are two independent (and essentially identical) molecules in the unit 
cell, each bisected by a crystallographic mirror plane. The molecular framework, 
shown in Fig. 1, consists of an Ru, triangle with dimensions Ru(l)-.Ru(2) = 
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Fig. 1. The molecular geometry of Ru,<CO),(CBH,),. The melhylene carbons m the molecule are C(7). C(8). 
C(7)‘ad C(1-S). 

Ru( l)-Ru(2)’ = 2.835 A and Ru(2)-Ru(2)’ = 2.853 A. The two carbonyl groups 
on Ru(1) are asymmetrically bridged” ., _Wtb Ru(l)--C(l) = 1.86 A, Ru(2)-C(l)~ 
2.54 A, and the angle Ru( 1)X(1 )-O(l) = 160.9”. There are two distinct C&HP 
tigands (one bicyclic and the other monocyclic) in the molecule, which can be 
represented schematically as I. 

The evidence for formulation of the bicyclic $‘-CsHS tetrahydropentalenyl 

‘For other examples of -ee-UY bndged carbon~l DOUPS. see refs. 5 and 6. 
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ligand is unambiguous. The unsaturated portion of the &and [atoms C(4), C(5), 
C(6), C(5)‘, C(6)‘] - 1s coordinated to Ru(1) with molecular parameters expected 
of a cyclopentadienyl-type interaction (Ru-C distances in the range 2.23-2.28 X 
and C-C distances in the range 1.37-l-44 A), while the atoms in the saturated 
portion of the ligand are all non-bonding to Ru(1) and are separated from each 
other by typical C-C single bond distances of 1.52-1.56 A. 

In contrast to the planar bicyclic C8H9 ligand, the monocyclic CaH, ligand 
is decidedly non-planar and coordinates through seven carbon atoms by wrapping 
itself around one of the edges of the Ru3 triangle. The unique methyiene group 
in this ligand is located at one of the “hinged” positions (i.e. at one of the two 
positions where a bend in the tigand occurs) and is shown in the figure as C(14)*‘. 
A non-bonding Ru(2)‘- - - - C( 14) distance of 2.91 A clearly characterises C(14) as 
of the CH2 group, while a close Ru(2)-C(ll) distance of 2.21 A identifies C( 11) 
as of a CH group. The remaining C(H) carbons of this unique ligand are all within 
bonding distance of either (or both) of Ru(2) or Ru(2)‘. Thus Ru(2)-C(l0) = 
Ru(2)‘-C(lO)’ = 2.194 A, and Ru(2)-C(12) = Ru(2)‘-C( 12)’ = 2.275 A, while 
C(9) and C(13) are equidistant (Ru(2)-C(9) = Ru(2)‘-C(9) = 2.525; Ru(2)-C(13) = 
Ru(2)‘-C(13) = 2.710 X) from Ru(2) and Ru(2)‘. 

it is difficult to represent satisfactorily the bonding of the ligand to Ru(2) 
and Ru(2)’ in any manner more exact or revealmg than that shown in I and, like 
II, the compound RUJ (CO), (C, H3 :I? (I) is evidently highly electron-delocalised. 

Formation of the tetrahydropentalenyl ligand in reactions of cyclaocta- 
tetraene with metal carbonyls has been observed previously [ 71. Aithough com- 
plexes of monocyclic C8H9 with one metal atom are known [S 1, we believe, how- 
ever, that in RLI~(CO)~(C~H~)? there esists the first esample of this ligand as a 
bridge between two metais. 

If, reasonably [9],one attributes ’ H NMR signals at ‘T 4.73(2l-I), 4.82(1H) 
and 7.46(6H) in the spectrum of Ru~(CO)~(C~H~), to the tetrahydropentalenyl 
l&and, the remaining signals (7 4.73(1H), 5.94t(2H), 6.93t of d(2H), 7.46(2H), 
8.50m(lH) and 8.75(1H)) demand that a mirror plane bisects the monocyclic CsHg, 
which is not apparent in the molecular structure established by X-ray. Whether 
some low energy fluvional process produces this as a time-averaged effect is as 
yet undetermined. At -60” some broadening of the signals at T 5.94 and 6.93 oc- 
curs, but low solubility of the comples hinders the attainment of lower tempera- 
ture spectra. 

R.B. would like to thank the National Science Foundation, the National 
Institution of Health and the Alfred P. Sloan Foundation for financial support. 

References 

1 S.A.R. KNOX and F.G.A. Stone. Accounts Chem. Res.. 7 (1974) 321. 
:! F.A. cotton. A. Davison. T.J. hlsrks and A. hlusco. J. Amer. Chem. Sot.. 91 (1969) 6598. 

*Actually the cryst.alJosaphic mmor plane which bisects the Ru, triangle causes the melhylene group 
to be dwxciered over both “lunged” positions. Thu. C(l1) and C(14) appear superimposed in 
electron density maps as an extremely elongated region of electron density. Fortunately. it wa.s pas- 
Siile IJB the ledSL-Sqw= refiPetnent to resolve this into two dainct W-atoms. Fime 1 shows 311 
rsolared molecule w~tb C(l1) and C(1-l) properly resolved. 



C46 

M-L Bruce. M. Cooke and M. Green. J. 0rganometa.L C%em_. 13 (1968) 227. 
J.XK. Howard. S.A.R. Knox. V. Riera. F.G.A. Stone and P. Woodward. J. Chem. Sot. Chem. Common.. 
~1974~-852 
R. Bau, J.C. Burt, S.A.R. Knox, R.M. Lame, R.P. Phi&p 3nd F.G.A. Stone. J. Chem. SIX. C!bem. 
Commua. (19731 726. 
F.A. Cot& B.A. Frenz and L. Kruczynski. J. Amer. Chem. Sot.. 95 (1973)951; H-B. Chin and R. Bau. 
J. Amer. Chem. Sm.. 95 (1973) 5068 and ref. thereh4 
T.H. Coffield, E.G. Ihrman and W. Burns. J. Amer. Chem. Sot.. 82 (1960) 4209. 
See Kor example: hL Brookhart and ER. Davis. J. Amer. Chem. Sot.. 92 (1970) 7622; M. Cooke. 
P.T. Draggett, hZ Green. B.F.G. Jobmoa J. Lewis and D.J. Yarrow. J. Chem. Sot. Chem. Commuh, 
(1371) 621; R.B. King and hl_N. Ackermann. inorg. C&em.. 13 (1974) 637. 
S.&R. Knox. R.P. Phillipsand F-G-A. Srooe. J. Chem. Sot. Dalton. (1974) 658. 


