
Journal of Organomerallic Chemistry 
Elsevier Sequoia S.A., Lausanne - Printed in The Netherlands 

359 

REACTIVITY OF METAL-METAL BONDS 

I. CLEAVAGE OF MOLYBDENUM-TIN AND TUNGSTEN-TIN BONDS 
AND SYNTHESIS OF NOVEL ORGANOMERCURY DERIVATIVES 

R. M. G. ROBERTS 

Department of Chemistry, University of Essex, Wivenhoe Park, Colchester (Great Britain) 

(Received February 21st, 1972) 

SUMMARY 

Cleavage of Me,SnM(Cp)(CO), (M=Mo, W) by iodine in various solvents 
resulted in dominant Sn-M bond fission, accompanied by effervescence in more 
polar media due to displacement of CO by solvent. Similar cleavages occurred with 
mercuric salts but without CO elimination_ Iodination of the triallyltin analogues 
proceeded by a more complex pathway, with some Sn-C bond fission which became 
dominant when mercuric salts were used as the electrophilic reagents. A very facile 
reaction occurred when the trimethyltin compounds were treated with RHgCl (R= 
Me, Ph and allyl) in acetone, yielding firstly RHgM(Cp)(CO), which subsequently 
underwent a symmetrisation reaction in accordance with eqns. (1) and (2) 

Me,SnM(Cp)(CO), + RHgCl - Me,SnCl+ RHgM(Cp)(CO), (1) 

2RHgM(CP) (CO), - R,Hg+HgCM(Cp)(CO)& (2) 
The new organomercury derivatives obtained by reaction (1) were isolated and 
characterised. 

Infrared data indicated the absence of any marked interaction between the = 
olelinic double bonds and M in the triallyltin derivatives. 

INTRODUCTION 

Although the first examples of covalent metal-metal bonds between transition 
metals and Group IVA elements appeared some 30 years ago’*‘, it was not until 
comparatively recently that this class of compound was fully characterised through the 
pioneer work of Gorsich3 on complexes of the type R,_,M[Mn(CO),],. Since then, 
this area of organometallic chemistry has expanded rapidly, and now encompasses a 
wide range of transition metals 4. The derivatives of manganese, molybdenum and 
tungsten are particularly stable, both thermally and with respect to atmospheric 
oxidation, thus lending themselves to both structural and mechanistic investigations. 
Graham et aL5 have synthesised a large number of these compounds, whilst Clark 
and Tsai6 have studied the addition of Me3SnMn(CO)5 across perfluorinated oleftic 
double bonds; this molecule is also cleaved by halogens to give Me,SnX and XMn- 
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(CO),, but C-S bond fusion occurs with halogen acids’. Halogenation of the tri- 
phenyl analogue also results in C-Sn bond fission’. 

Little is known as yet about the reaction mechanisms of these cleavages. 
Nesmeyanov et af.* have investigated the protodemercuration of some mercury 
derivativesofferrocene and cyclopentadienylmanganese tricarbonyl, the former acting 
as an electron donor and the latter as a weak electron acceptor in the protolysis 
reactions. More recently, McDonald and Basolog have made a kinetic study of the 
now well established oxidative elimination of M(CO)&L* derivatives (M=Mo, W; 
Lz =K!‘bipyridine and 1,lO phenanthroline) by mercuric salts, and have proposed 
the following reaction sequence 

M(C0)4L, + 2HgX, * M(CO),L, - 2HgX, (1) 
M(CO)~La -2HgX2 - M(CO)sL,(HgX)X f HgX, + CO (2) 

Attempts to prepare the alkyl- and arylmercury derivatives of molybdenum have so 
far met with failure”, indeed the only organomercury-transition metal complexes so 
far described are RHgTa(CO),*O, (RHg)2Fe(C0)421 and C,FSHgFe(Cp)(CO)z. 
The transient existence of the latter has very recently been demonstrated1 r ; 

feHgC1 + C6F5Li - feHgC,Fs + LiCl (3) 
2feHgC6F, - fe2Hg + (C8s)2Hg (4) 

where : 

fe = Fe(Cp)(CO), 

The purpose of this paper is to report on the cleavage of some trimethyl- and 
triallyl-tin derivatives of molybdenum and tungsten by mercuric salts and iodine, 
and a subsequent study of cleavages by alkyl- and aryl-mercury salts, establishing the 
generality of eqns. (3) and (4) and synthesising some new alkyl- and arylmercury 
derivatives of these transition metals. 

RESULTS AND DISCUSSION 

The work described relates to compounds of the general formulaR,SnMC,HS- 
(CO), . Four such compounds were synthesised : 

Me,SnMoC,H,(CO), Me,SnWC,H,(C0)3 

(I) (II) 

(CH,=CHCH2),SnMoC5H5(C0)3 (CH,=CHCH,)sSnWC,Hs(CO), 

(III) (IV 

The investigation comprises a study of their reactivity with iodine, mercuric halides 
and organomercury chlorides. 

Iodination reactions 
The reactions of the trimethyltin compounds were accompanied by efferves- 

cence in the more polar solvents, and proceeded with dominant Sn-M bond fission 
(Table 1) in accordance with eqn. (5), no methyl iodide being produced. 

Me&rM(Cp)(CO), + I, - Me&I + IM(Cp)(CO), (5) 
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TABLE I 

PROTON RESONANCES (13 IN PPM) OF PRODUCTS OF IODINATION OF Me3SnMo(Cp)(CO)3 
(I) AND Me,SnW(Cp)(CO), (II) IN VARIOUS SOLVENTS 

Solvent Compound Me,Sn- Cp Me,Sni’ Mel” 

CCI, (1) 0.87 5.62 
CCI, w 0.87 , 5.?2 0.87 2.15 

Dioxane (I) 0.86 5.73b 
Dioxane (II) 0.86 5.84 0.86 2.14 

MeOH (I) 0.80 d 

MeOH (II) 0.79 0.79 2.16 

MeCN (I) 0.88 5.72 
MeCN 

::j 

0.86 5.82 0.87 2.20 

DMSO 0.61 5.94 
DMSO (II) 0.60 6.07 0.59 2.18 

* Calibrants. * Cl value of 5.74 ppm for-IMo(Cp)(CO), in THF (Ref. 19). ’ Effervescence accompanied 
reaction. d Not measured_ 

The observed effervescence is probably due to the expulsion of CO from the product 
by the strong donor solvent molecules. 

IM(Cp)(CO), + nS - IM(S),(Cp)(CO)s -,, + nC0 

In a typical reaction using 0.1 M solutions in solvent DMSO, (II) and iodine yielded a 
solution whose NMR spectrum consisted of two sharp singlets (6 6.06,0.61 ppm) with 
relative intensities of 5/9. The upheld resonance showed tin satellites [J(“‘Sn-H) 
69.0 ; J(’ “Sn-H) 66.2 Hz] which agreed well with values of 69.5 and 66.3 Hz for 
Me,SnI (6 0.59 ppm) in DMSO. This establishes the main features of eqn. (5), though 
the ultimate fate of IM(Cp)(CO), is still uncertain. The corresponding cleavage of 
(IV) resulted in the production of three well defined singlets in the olefinic region 
superposed on a typical a-bonded allylic spectrum (ABC&). The upheld singlet 
(5.83 ppm) decreased at the expense of the low field singlet (6.34 ppm), whilst the 
central resonance (6.04 ppm) remained virtually constant in intensity. The upheld 
signal finally disappeared, leaving the two remaining singlets in the ratio of 3 (6.04 
ppm) to 2 (6.34 ppm). It seems likely that Sn-M bond fission is still dominant, but 
that other competing (Sn-C fission?) and subsequent reactions occur. 

Reactions with mercuric salts 
No effervescence was observed in these reactions, which, for the trimethyltin 

derivatives, again proceeded with dominant Sn-M bond cleavage. 

Me,SnM(Cp)(CO), + HgX, - Mess& +XHgM(Cp)(CO), (6) 
Presumably the product halomercurial does not lose CO in the manner described 
above. 

A typical reaction solution using (II) and HgIz (0.1 M in solvent methanol) 
gave an NMR spectrum showing two singlet resonances at 6 6.03 and 0.68 ppm. 
The upheld signal had attendant tin satellites [J(‘lpSn-H) 67.0, J(“‘Sn-H) 64.2 Hz] 
which again corresponded well with values for MesSnI (66.3,63.5 Hz) in this solvent, 
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