
Journal of Organometallic Chemistry, 470 (1994) 189-190 189 

Relative stability of q kyclopentadienyl( olefin) ruthenium cations: 
the first estimation of the nature of the Ru”-olefin bond 
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Abstract 

Relative stability in coordination of substituted styrene derivatives to [Ru(+Z,H,Xdtpe)]+ (dtpe = 1,2-bis(di-p-tolylphosphino)- 
ethane) was determined by NMR spectroscopy to reveal unusually weak substituent dependency of the stability. 
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The nature of the metal-olefin bond has attracted 
much attention since the conception of the Dewar- 
Chatt-Duncanson model [ll. Measurement of the rela- 
tive stability is the basic experimental method for ex- 
amining this bond. The binding abilities of the Group 
10 [2-71 and Group 11 [8] metals to various olefins 
have been determined, and these clearly reflected the 
trend of either distinctly electrophilic or nucleophilic 
character of most of the relevant metal centres [2,9]. 
Only in a limited number of cases did the palladium or 
platinum centre show an intermediate character [5,6]. 

In spite of the increasing interest in the role of 
cationic fragments of ruthenium(U), e.g. [Ru(q- 
CSH5)L2]+, as a Lewis acidic centre in synthetic trans- 
formations of olefins such as isomerization, ene-type 
addition, and Diels-Alder reactions [lo], few studies 
have been focused on the nature of the bond between 
ruthenium(U) and olefin. Here we report the first 
examination of the nature of metal-olefin bond in 
q-cyclopentadienyl(olefin)ruthenium cations, which re- 
veals an unusually weak substituent dependency of the 
stability. 

The chloride, Ru(q-C,H,Xdtpe)Cl, was treated with 
silver tetrafluoroborate in the presence of styrene or 
m-nitrostyrene to give the cationic complexes [Ru(vJ- 
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C,H,XdtpeXCH,=CHC,H,)I(BFJ (1) or [Ru(q- 
C,H,XdtpeXCH,=CHC,H,NO,-m)l(BF,) (2) in good 
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yields [ll]. To 1 (or 2) in a solution of CD&l, was 
added a mixture of styrene (or m-nitrostyrene) and 
styrene derivative bearing one of the substituents listed 
in Table 1, and the solution was allowed to stand at 
25°C until equilibration (15 h). The equilibrium con- 
stant K in competitive coordination depicted in eqn. 1 

TABLE 1. Equilibrium constants (K) for eqn. (11, according to 
which substituent occupies position Y 

H 1 m-Me 1.31 m-Br 1.16 
p-Me0 0.99 m-Me0 1.15 m-NO, 0.71 
p-Me 1.14 m-F 0.83 o-Me 0.13 
p-c1 0.82 m-Cl 0.91 O-Cl 0.17 
P-NO, 0.77 

0 1994 - Elsevier Sequoia. All rights reserved 



190 X. Ohkita et al. / Stability of Ru “-olefin bond 

-0.5 0 0.5 

0 
Fig. 1. Hammett plot for eqn. (11, in CDrCl, at 25°C. 
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was determined from the ‘H NMR spectra of the 
mixture. Reproducible K values were obtained upon 
changing the mixing ratio of the styrenes. The averaged 
K values are summarized in Table 1 and a plot of 
log K us. Hammett substituent constant is shown in 
Fig. 1. 

Ru-w + T_Y & 

“-@Q-Y + v (1) 

Ru = [Ru( n-C,H,)(dtpe)] + 

Each K value in Table 1 deviated only slightly from 
unity (p = -0.15) except for the o-substituted styrene 
complexes, showing that the [Ru(n-C,H,Xdtpe)]+ ion 
exhibits an unusually low electrophilic character for a 
cationic complex. Neither is it nucleophilic. This trend 
is quite different from those in [Pt(n3-CH&MeCH,)- 
(PPh3XCH2=CHC6H4Y)]+ (p = - 1.32) [3a], rrans- 
PtCl,(pyXCH,=CHC,H,Y) (p’ = -0.82) [3bl, and 
[Pd(r)-C,H,XPR,XCH,=CHC,H,Y)]+ (p = -0.94 N 
-1.44) [4]. Furthermore, the dependency to sub- 
stituents is lower than that in M(n3-CH2CMeCH2)- 
(ArXCH,=CHC,H,Y) (M = Pt, Ar = C,F,, p = -0.38; 
M = Pd, Ar = C,HCI,-2,3,5,6; p = -0.251, showing 
unusually weak dependency on the substituent for plat- 
inum(B) and palladium(I1) complexes [5,6]. 

The theoretical study on molecular orbitals of 
[Fe(n-C,H,XCO),(CH,=CH,)I+ suggested that the 
iron cation induces a considerable positive charge on 
the ethylene ligand [12]. The disagreement between 

this suggestion and the present observation could be 
attributed to an electron donating contribution by the 
phosphine ligand instead of the withdrawing carbonyl 
ligand, and/or the difference between the electronic 
structure of iron(B) and ruthenium(B). 

The stabilities of o-methyl and o-chlorostyrene 
complexes were considerably less than those of m- and 
p-substituted styrene complexes. This may be due to 
steric hindrance between an ortho substituent of 
styrenes and one of the tolyl groups of the dtpe. 
Details of the structural analysis of these complexes 
that support such hindrance are now under investiga- 
tion by NMR spectroscopy and will be reported else- 
where. 

Acknowledgments 

Thanks are due to the Analytical Center, Faculty of 
Engineering, Osaka University for the use of their 
Bruker AM600 spectrometer. Partial support of this 
work through Grants-in-Aid for Scientific Research 
from Ministry of Education, Science and Culture, Japan 
is also acknowledged. 

References 

8 

9 
10 

(a) M.J.S. Dewar, BUN. Sot. Chim. Fr., 18 (1951) C71; (b) J. Chatt 
and L.A. Duncanson, J. C/rem. Sot., (1953) 2939. 
H. Kurosawa and I. Ikeda, J. Organomet. Chem., 428 (1992) 289. 
(a) H. Kurosawa and N. Asada, J. Organomet. Chem., 217 (1981) 
259; (b) H. Kurosawa, A. Urabe and M. Emoto, J. Chem. Sot., 
Dalton Trans., (1986) 891. 
H. Kurosawa, T. Majima and N. Asada, J. Am. Chem. Sot., 102 
(1980) 6996. 
H. Kurosawa, K. Miki, N. Kasai and I. Ikeda, Organometallics, 10 
(1991) 1607. 
H. Kurosawa, M. Emoto, H. Ohnishi, K. Miki, N. Kasai, K. 
Tatsumi and A. Nakamura, J. Am. Chem. Sot., 109 (1987) 6333. 
(a) T. Yamamoto, A. Yamamoto and S. Ikeda, J. Am. Chem. 
Sot., 93 (1971) 3360; (b) C.A. Tolman, J. Am. Chem. Sot., 96 
(1974) 2780. 
T. Fueno, T. Okuyama, T. Deguchi and J. Furukawa, J. Am. 
Chem. Sot., 87 (1965) 170. 
F.R. Hartley, J. Organomet. Chem., 216 (1981) 277. 
(a) B.M. Trost and R.J. Kulawiec, J. Am. Chem. Sot., 115 (19931 
2027; (b) B.M. Trost and A. Indolese, J. Am. Chem. Sot., 115 
(1993) 4361; (cl J.W. Faller and C.J. Smart, Tetrahedron Lett., 30 
(1989) 1189; (d) F. Urbanos, M.A. Halcrow, J. Fernandez-Baeza, 
F. Dahan, D. Labroue and B. Chaudret, 1. Am. Chem. Sot., IIS 
(1993) 3484; (e) W. Odenkirk, A.L. Rheingold and B. Bosnich, J. 
Am. Chem. Sot., 114 (1992) 6392. 
The syntheses of 1,2_bis(diphenylphosphino)ethane and 2,3- 
bis(diphenylphosphino)butane analogues have been reported: (a) 
S.G. Davies and F. Scott, .l. Organomet. Chem., 188 (1980) C41; 
(b) G. Consiglio, P. Pregosin and F. Morandini, J. Organomet. 
Chem., 308 (1986) 345. 
0. Eisenstein and R. Hoffmann, J. Am. Chem. Sot., 103 (1981) 
4308. 


