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Summary

Protonation with HBF, of equimolar mixtures of [M(arene)X,(CsH;s;N)] and
[M(arene)X(CsH;N),]1PF, in methanol provides a convenient, high yield, syn-
thetic route to the triple halide bridged arene complexes [M, (arene), X;]BF,
(M = Ru; X = CI, Br; arene = C¢Hq, 1,3,5-CcH;Me;; M = Os, X = Cl, arene =
CesHs).

Recently we reported that reaction of [ {Ru(n-CsHg)CL }.] in methanol at
ambient temperature with a slight excess of NH,PF, for 24 h gave, in high yield,
[(m-CeHg)RuCl;Ru(n-CsHg)1PF,. The most likely mechanism of formation of
this cation was proposed to be by intermolecular coupling of the weakly sol-
vated monomers [Ru(C¢H)Cl,(MeOH)] and [Ru(C¢Hg)Cl(MeOH),]1 ™.
Unfortunately, attempts to prepare other triple halide bridged arene cations by
reaction of the appropriate double halide bridged dimers with NH,PF, in
methanol were unsuccessful, probably because of the very insoluble nature of
these [ {Ru(arene)X, },] compounds [1].

We now wish to report a more convenient, high yield, synthetic route to these
[M,(arene),X;]* cations (I). This involves the formation in situ of high equi-
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molar concentrations of the solvated monomers [M(arene)X,(MeOH)] and
[M(arene)X(MeOH),]* by protonation in methanol of the corresponding
pyridine complexes [ M(arene)X,(CsHsN)] and [M(arene)X(CsHsN),]PF, re-
spectively.
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Thus, for example, treatment of equimolar amounts of [ Ru(CsH¢)Cl,(CsHsN)]
[2] and [Ru(C,H)CI{CsHsN),]PF, [1,3] in methanol with a slight excess of
HBF, gave, after gently refluxing the solution for one hour, an almost quantita-
tive yield of [Ru,(GCsH;), Cl31BF,4. Similarly, reaction of [ Ru(C¢Hg)Br,(CsH;N)]
and [Ru(CsH¢)Br{C;H;N),]PF, [3] with HBF, gave [Ru,(CsH¢).Br;]BF, and
analogous reactions with the appropriate pyridine monomers gave
[RU2(CGH3M83)2 X3] BF4 (X = Cl, Br).

As observed earlier for the [Ru,(C¢Hg),Cl3]* cation [1], all these compounds
undergo facile bridge cleavage-reactions in solvents such as H,O and Me,SO, but
fortunately, they are all soluble and stable in CH;NO,. Thus, !H and '*C-{'H}
NMR studies in CD;NO, (Table 1) together with analytical data, conductivity
(all 1/1 electrolytes) and far infrared studies (only bridging »(RuX) present)
establish unequivocally the structure of the compounds.

In an attempt to make the mixed bridge compound [(CsH¢)RuCL BrRu(C.Hy)1-
BF,, equimolar amounts of [Ru(C;Hs)Cl,(CsHsN)] and [Ru(CsHs)Br(CsHsN).1-
PF¢ were treated with HBF, /MeOH. However, although the product analysed
closely for “[Ru,(C¢H,),Cl,Br1BF,”, its 'H NMR spectrum in CD;NO, showed

TABLE 1

'H AND ‘30-{' H} NMR SPECTRA IN CD;NO, OF SOME RUTHENIUM(II) AND OSMIUM(I) ARENE
COMPLEXES

Compound 'He 13c- 'H ¢

[Ru,(C¢H,),Cl,1BF, 5.944 82.04

[Ru,(C,H,), Br,1BF, 5.922 82.37

“[Ru,(C,4H,),Cl, Br]BF,”

“[Ruz(CGHs)zClBIZ]BF‘;" 5.944.5.937,5.929,5.922 —

[0s,(C,H,),Cl,1BF, 6.64 73.55

[RuOs(C,H,),Cl,}BF,’ 6.46,6.06 82.21,73.82

[Ru,(C,H,Me,),Cl,1BF, 5.35(H),2.22(Me) 102.01(CMe),75.72(CH).19.42(Me)

[Ru, (C,H)(C,H,Me,)CL,1BF, 5.92,5.37(H),2.20(Me)  102.01(CMe),82.02,75.89(CH),15.28(Me)

@ Reference is (CH,),Si: all singlets.



C41

four n-C¢Hg resonances at 5.944, 5.937, 5.929 and 5.922 ppm of relative inten-

sity 8/12/6/1. The resonance at § 5.944 ppm arises from [Ru,(CsHg),CIl3]1BF,

and that at § 5.922 ppm from [Ru,(C¢Hg),Br;]BF,. Conversely, reaction of
[Ru(C¢Hg)Br,(CsHsN)] and [Ru(CoHg)CI(CsHsN), IPF¢ (1/1 molar ratio) with
HBF,/MeOH gave a product analysing for ““[ Ru,(C¢He),CIBr, 1BF,’” which

showed the same four 'H NMR 71-C¢H¢ resonances but now with relative inten-

sities 1/6/12/8. Thus, these experiments clearly show that statistical mixtures of
[Ruy(CsHs),Cls] ’, [Ru,{CsH;),Cl,Br] ¥, [Ru,(CsHe),ClBr,]™ and [Ru,(CsHg),Brs]*
and [Ru,(C¢Hg),Brs] ™ cations are formed in these reactions.

It is readily demonstrated that this facile halide exchange can occur prior to
protonation since on mixing [Ru(CsH;)Cl,(PPhs)] * and [Ru(CsHs)Br(CsHsN),1™
in acetone-ds, 'H NMR studies reveal that some [Ru(CsHs)Br,(PPh;)] and
[Ru(CsHg)CHCsH;sN),1" are rapidly formed. However, the *H NMR spectrum of
a mixture of [Ru,(CcHg),Cl;1BF, and [Ru,(CeHg),Br;]BF, in CD;NO, after
several minutes at ambient temperature shows four n-C¢Hg resonances, indicating
that facile halide exchange can also occur after formation of the dimers (cf. the
formation of some [PdPtCl,;L, ] from reaction of [Pd,Cl,I,] and [Pt,Cl L, ] [4]).

In an attempt to synthesise the tetrameric cation [ {Ru(CsHg)Cl1},4]%" a suspen-
sion of [Ru(C¢Hg)CI(CsHsN),1PF, in methanol was treated with HBF, but the -
only product isolated was [Ru, (C¢Hg).Cl;]1BF, in low yield (ca. 25%). This clear-
ly demonstrates that protonation removes some coordinated chloride as HC1
which then reacts to form some [Ru(CzHg)Cl,MeOH]. Similarly, protonation of
[Os(CsHg)CI(CsH;N),1PFs [3] gave [Os,(CgHs),Cls1BF, whereas treatment of
an equimolar mixture of [Ru(CsHg)Cl(CsHsN)] and [Os(CcHg)CI(CsHsN), 1PF¢
with HBF,/MeOH gave a statistical mixture of [Ru,(CsHg).Cl;]1BF,,
[Os,(CeHg),Cl3]1BF, and [RuOs(CgHg),Cl3]1BF,;. Mixing the pure ruthenium and
osmium dimers at ambient temperature in CD;NO, rapidly gave some
[RUOS(CGH6)2013] + cation.

Finally, using these methods, the [(CsHg)RuCl;Ru(CsHsMe;)] ™ cation can be
generated, but not separated, from the [Ru,(CsHg),Cl5]* and [Ru,(CsH;Me;),Cl;]™
cations.
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*[Ru(CGHG)ClzPPhal was used because of the insolubility of [Ru(C,H,)CL,(C;H;N)] in acetone.



