
Cl 

Journal of Organometallic Chemistry, 307 (1986) Cl-C4 
Elsevier Sequoia S.A., Lausanne - Printed in The Netherlands 

Preliminary communication 

OXIDATIVE ADDITION REACTIONS OF Cp*Os(CO)(PMe,Ph)Me (Cpy = 
n5 -C,Me,). ISOLATION OF INTERMEDIATES DURING ALKYL-METAL 
ELECTROPHILIC CLEAVAGE REACTIONS 

LAURA J. SANDERSON and MICHAEL C. BAIRD* 

Department of Chemistry, Queen’s University, Kingston, K7L 3N6 (Canada) 

(Received November 26th, 1985) 

Summary 

The compound Cp*Os(CO)(PMe,Ph)Me (Cp* = v5 -C,Me,) (II) reacts with 
bromine and mercury(I1) bromide to give Cp*Os(CO)(PMe,Ph)Br (III) and 
either methyl bromide or methylmercuric bromide, respectively. The com- 
pounds [Cp*Os(CO)(PMe,Ph)(Me)Br]Br (IV) and [Cp*Os(CO)(PMe2Ph)- 
(Me)(HgBr)JBr (V), both formally complexes of osmium(IV), are isolable 
intermediates in the electrophilic cleavage reactions. 

The mechanisms of electrophilic cleavage of transition metal-carbon u 
bonds have been the subject of intense scrutiny in recent years, alkyliron com- 
pounds of the general formula CpFe(CO)LR (L = CO, tertiary phosphine; 
R = alkyl) being the metal system studied most extensively [l-6]. In general, 
cleavage reactions with electrophilic reagents EX (E = H, X, HgX, X = Cl, Br , 
I) proceed as in eq. 1. 

CpFe(CO)LR + EX -+ CpFe(CO)LX + ER (1) 

Although earlier workers [l] believed that such reactions involved bimolecular 
SE2 processes, we [2] and others [3-61 have presented evidence that attack 
occurs not at the metal-carbon bond, but rather directly at the metal. The 
reactions involve one- or two-electron transfer processes to give intermediates 
containing iron in the formal oxidation states +3 or +4, as in eq. 2 or 3, re- 
spectively. 

CpFe(CO)LR f EX + 

CpFe(CO)LR + EX + 

Unfortunately, firm 
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[CpFe(CO)LR’] [EX- ] + Products (2) 

[CpFe(CO)(E)LR’] [X-l -+ Products (3) 

evidence for the oxidized intermediates postulated in 
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eq. 2 and 3 has been difficult to obtain, as any intermediates formed in 
eq. 1, 2 or 3 are very short-lived under normal reaction conditions. We 
[ 2c] and Giering et al. [ 61 have utilized rapid scan cyclic voltammetry at 
low temperatures to detect unstable species which have been characterized 
chemically and spectroscopically as oxidized species [6,7]. However, no 
iron(II1) or iron complexes have been isolated, although rather similar 
ruthenium [8,9a] and osmium [9] compounds have been reported. We 
recently noted that compounds of higher oxidation states of ruthenium 
might be expected to be generally more stable than those of iron, but a 
chemical and electrochemical study of compounds of the type CpRu(CO)LR 
showed that our hopes were misplaced [lo] . We have therefore initiated an 
investigation in the chemistry of analogous osmium compounds, in partic- 
ular compounds containing a pentamethylcyclopentadienyl (Cp*) group 
and at least one tertiary phosphine. In this way it was anticipated that it 
would be possible to obtain compounds more electron rich than those 
previously studied, and hence more easily oxidized. It also seemed likely that 
osmium intermediates would exhibit higher bond dissociation energies than 
do the iron and ruthenium analogues [ll] , and would therefore be more 
stable. 

The compound Cp*Os(CO),Me (I) (v(C0) = 1994,1934 cm-’ ) was syn- 
thesized by treatment of Cp*Os(CO),Br with CuMe [ 121, and was found 
to react with Br, (instantaneously) and HgBr, (4 h) to give Cp*Os(CO)zBr 
and MeBr or MeHgBr, respectively. Interestingly, although I exhibits an 
oxidation potential [ 131 comparable with that of CpFe(CO),Me [ 2c,6,7] , 
suggesting that intermediates of higher oxidation states may not be stable, 
such an intermediate in the reaction with HgBr, was suggested by the 
presence of weak bands in the IR spectrum at 2114 and 2040 cm-’ . In an 
attempt, therefore, to isolate an oxidized intermediate, the more electron- 
rich compound Cp*Os(CO)(PMe,Ph)Me (II) was synthesized by photolysis 
of I in the presence of PMe,Ph [14]. The IR spectrum of compound II 
exhibits u(C0) at 1870 cm-’ (CH,C$), the 31P{1H} spectrum a singlet at 
6 -20.3 ppm. The ‘H NMR spectrum (CD2Cl,) exhibits methyl resonances 
at 6 0.13 (d, J(H-P) 6.0 Hz, OS-Me), 1.62 (d, J(H-P) 8.9 Hz, P-Me), 
1.66 (d, J(H-P) 1.1 Hz, Cp*) and 1.73 (d, J(H-P) 9.2 Hz, P-Me), and 
phenyl resonances at 6 7.5 (m), while the 13C {‘H} NMR spectrum (CD2Cl,) 
exhibits resonances at S -37.0 (d, J(C-P) 7 Hz, OS-Me), 9.4 and 92.1 
(both s, Cp* Me and C, respectively), 12.6 (d, J(C-P) 33 Hz, P-Me), 19.1 
(d, J(C-P) 39 Hz, P-Me), 127-140 (m, Ph) and 191.6 (d, J(C-P) 12 Hz, 
CO). Thus the ‘H and 13C NMR data confirm the chiral nature of II. 

Compound I1 is much more electron-rich than is I [13], exhibiting a one 
electron (comparison with ferrocene [ 15]), irreversible oxidation at +0.74 V 
vs. Ag/AgCl/saturated KCl. Treatment of a methylene chloride solution of 
II with an equimolar amount of bromine produced a pale yellow solution, 
and inspection of the IR spectrum revealed that the v(C0) of I at 1870 cm-’ 
had been replaced by a new band at 2042 cm-’ . A well resolved ‘H NMR 
spectrum revealed a new osmium-methyl resonance at S 1.26 (d, J(H-P) 
9.6 Hz), while the 3’P {‘H} spectrum exhibited only a single new resonance 
at 6 -37.2. The new species was not isolated, as it converted cleanly over 
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about 2 h to Cp*Os(CO)(PMe,Ph)Br (III) [ 163 and methyl bromide. However, 
the very significant increase in Y(CO) coupled with the observed deshielding 
of the osmium-methyl resonance on treatment of II with bromine shows 
clearly that the intermediate contains an oxidized osmium atom. Furthermore, 
as the ‘H NMR spectrum of the reaction mixture remained well-resolved during 
the reaction, it would seem that the intermediate is diamagnetic and therefore 
is the osmium(IV) complex [Cp*Os(CO)(PMe,Ph)(Me)Br]Br (IV). 

Reaction of II with HgBr, under the same conditions occurred immediately 
and yielded a yellow solution exhibiting both a new v(C0) at 2002 cm-’ in 
the IR spectrum and, in the 31P {‘H} NMR spectrum, a single new resonance 
at 6 -45.7 with spin-spin coupling (720 Hz) to *99Hg. The ‘H and 13C NMR 
spectra both exhibited new osmium-methyl resonances at S 0.86 (d, J(H-P) 
9.1 Hz) and S -17.2 (d, J(C-P) 11 Hz), respectively. Although all the evidence 
points to the new compound as being best formulated as [Cp*Os(CO)(PMe,Ph)- 
(Me)HgBr]Br (V), it converts slowly (24-48 h) to III and MeHgBr and was 
not obtained pure. In an attempt to isolate the intermediate, therefore, equi- 
molar amounts of II and HgBr, were allowed to react in methanol and then 
treated immediately with a solution of NaPF6. A pale yellow precipitate of 
[Cp*Os(CO)(PMe,Ph)(Me)HgBr] [PF,] (Va) [17] formed and was collected. 
In addition to the above-mentioned spectral information, pertinent spectro- 
scopic data aiding in the formulation of Va are new osmium-methyl resonances 
in the ‘H and 13C NMR spectra at 6 0.94 (d with 199Hg satellites, J(H-P) 
9.3 Hz, J(H-Hg) 35.4 Hz) and 6 -17.7 (d, J(C-P) 11 Hz), respectively. The 
observations of spin-spin couplings of various resonances to the mercury 
would appear to confirm the presence of a direct mercury-osmium bond [ 181. 

In summary, we have found that Cp*Os(C0)2Me (I) resembles its iron 
analogue in being oxidized electrochemically only at relatively high positive 
potentials, The osmium-methyl bond can be cleaved rapidly by bromine but 
only slowly by mercuric bromide, and oxidized intermediates are rather un- 
stable. In contrast, the more electron-rich phosphine-substituted compound 
Cp*Os(CO)(PMe,Ph)Me (II) exhibits a much lower oxidation potential, and 
undergoes more facile oxidative addition reactions with bromine and mercuric 
bromide to give the cationic complexes [Cp*Os(CO)(PMe,Ph)(Me)Br]Br (IV) 
and [Cp*Os(CO)(PMe,Ph)(Me)(HgBr)]Br (V), respectively, both formally 
complexes of osmium(IV). The latter two complexes are of the type postulated 
in eq. 3, and in fact both convert cleanly and smoothly to Cp*Os(CO)- 
(PMe,Ph)Br (III) and methyl bromide or methylmercuric bromide, respectively. 
Preliminary kinetic studies suggest that the conversion of IV to III, at least, 
is intermolecular, probably involving nucleophilic attack by bromide ion on 
cationic substrate [ Bc] rather than intramolecular and involving reductive 
elimination steps. 
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