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Preliminary communication

Oxidative cleavage of the metal- metal bond of bi- or poly-nuclear carbonyl
complexes by cyclopentadienyl(trimethyl)stannane

E.W. ABEL, S A. KEPPIE, M.F. LAPPERT, and S. MOORHOUSE

Department of Inorganic Chemistry, The University, Bristol (E.W.A. and S.M.), and The School of
Molecular Sciences, University of Sussex, Brighton, BN1 90QJ(S.A.K. and M.F.L.), (Great Britain)

(Received March 5th, 1970)

We wish to draw attention to the high reactivity of cyclopentadienyl-
(trimethyl)metallanes of the Group 1VB elements MesM-Cs H; with respect to
appropriate transicion metal substrates. At present, there appear to be three classes of
reaction. Those of Class (I) (oxidative addition) are reactions in which the Group IVB
compound adds oxidatively to a single transition metal centre; they have been recognised
previously®!, and illustration is provided by Eq. 1. Reactions of Class (II) (oxidative
cleavage) are those in which the Me;M and CsHs fragments become attached to different
metal sites; they form th= essence of this communication, and illustration is provided by
Eq. 2. While reactions of Classes (I) and (II) involve cleavage of the M—C5H;s bond, the
integrity of the Group IVB molecule is maintained in reactions of Class (I11I); such ligand
behaviour is particularly characteristic? of Me3SiCsH;s (see Eq. 3). In Egs. 1-3, M = Si,
Ge, or Sn; M' is a transition metal; and L, L', and L"” represent the remaining ligands
attached to M'.

, ,/MMeg,
LM' + Me3M-C5H5 — LM ~ (1)
CsH;
LM,"'M’L + Me3M"C5 Hs——'—> L’M’_Cs Hs + L"M""MMe3 (2)
IM'+ ME3M‘C5 Hs -_— 77'M33MC5 H4_M’LI (3)

Oxidative metal-metal bond cleavage is not a new reaction; for example, the
halogens act in that sense, as in 3: Mn, (CO) 4 + Br, ~ 2BMn(CO)s. However, such
organometallic oxidative addition is novel and provides a new* method for making
compounds having metal-metal bonds, e.g. L"M'-MMes.

Representative examples are provided by (a) Egs. 4 and 5, and (b} Table 1.

Mn, (CO)[O + Meg SH—CS H; — TI'-CS Hs MH(CO)3 + Me3 SH‘MH(CO)S (4)
Co0,(CO)s + MezSn-CsH;s—> 1-CsH5Co(CO), + Me3zSn—Co(CO), (5)
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TABLE 1
REACTIONS WITH Me3SnCsHs
Metal Reaction conditions? Products yield
carbonyl %
Mn3;(COXh o Reflux {4 h) in diglyme; ch. on m-CsHsMn(CO)3 54
Florisil (n-CsH,,) Me;SnMn(CO)s 58
Re,(CO)10? Reflux at 220°; ch. on 7-CsHsRe(CO)5 a1
Florisil (n-CsHy2) Me3SnRe(CO)5 38
Fep(CO)o - Heat (2 h) in THF at 50°; ch. on (n-CsHg)o Fe c
AlzO03 (n"CgHjs) Me3Sn), Fe(CO)q
Me, SnFe(CO)4 ]2
Fe3(COh 2 Reflux (=4 h in THF; ch. on (m-CsHs)oFe e
Al;O03 (n-CgHjaq) [MEQSIIFB(CO)qll
Co2(CO)gs In THF or (CzHs5);0 2t 20°;ch.on  mCsHsCo(CO), 46
Alz O3 or Florisil (n-CsH 42 or Me3SnCo(CO)s 41
n-CeHu)
fmCg Hs(CO)3MoL,4 Reflux (3% h) in diglyme 7-CsHs(CO)3MoSnMe;
|m-CsHs(CO) Fela Reflux (3 h) in diglyme; ch. on (m-CsHg)2Fe 33
Florisil (n-CsHy2) -CsHs(CO); FeSnMes 38
[m-CsHs(CO)Nil, Reflux (1% h) in diglyme; ch. on (m-CsHs)aNi 26
Florisil (n-CsHj2) T-CsHs(CO)NiSnMez 15

a ch. = chromatographic separation; b 7-(Me3SnCsH4)Re(CO) 3 (44%) also isolated?;
¢ Yields variable (see discussion); d Spectroscopic identification of reaction course, only.

Reactions were conducted in a nitrogen atmosphere, using degassed solvents, and
were followed spectroscopically by observing the carbonyl stretching region (x 2.5
expansion) in the infrared region.

Product separation has often proved difficult; column chromatography or
fractional sublimation were the usual procedures. The problem was sometimes
circumvented by using the phenyl Group IVB compound Ph;Sn-CsHs ; in this case, more
forcing reaction conditions were required but the reduced volatility of L"M"-SnPh;
compared with L"M'-SnMe; was used to advantage. The conversions represented by Eq.
(2) are undoubtedly (IR and NMR) essentially quantitative, but separation difficuities and
the thermal sensitivity of products led to isolation of only quite small quantities of
products in some cases. With Fe; (CO)s , Fe3(CO) 13, and [7-CsHs(CO)Ni], there was
particularly serious product decomposition during work-up.

The reactions of the iron carbonyls [also Fe{CO)s ] are more complex. With
Fe,(CO),, the primary reaction path appeared to be (IR and NMR) that of Eq. 6.

One important product decomposition route is that of Eq. 7 5.

Fe,(CO)s + 2MeySn-CsHs — (Me; Sn); Fe(CO),; + (wCsHs);Fe +5CO  (6)
2(Me3Sn), Fe(CO)s — [Me,;SnFe(CO)4]; +2MesSn ()]
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The relative reactivities of the transition metal substrates towards Me3SnCsHs
appear to decrease in the series Coz(CO)s > > [n-CsHs(CO)Ni}); ~ Fe carbonyls
> [‘ﬂ"Cs Hs (CO)z Fe]: > [Tl’-Cs HS (CO)gMO]z "‘an (CO) 10 >> Rez (CO) 10 -

REFERENCES

S.A. Keppie and M.F. Lappert, J. Organometal. Chem. 19 (1969) PS.

E.W. Abel and S. Moorhouse, to be publishes.

E.W. Abel and G. Wilkinson, J. Chem. Soc., (1959) 1501.

N:S. Vyazankin, G.A. Razuvaev and O.A. Kruglaya, Orgunomeial. Chem. Rev. A, 3 (1968) 323;
F.G.A. Stone in E.A.V. Ebsworth, A.G. Maddock and A.G. Sharpe (Eds.), New Pathways in
Inorganic Chemistry, Camnbridge University Press, London, 1968, p. 283; J.F. Young, Advan.
Inorg. Chem. Radiochem., Vol. 11, Academic Press, New York, 1968, p. 91; M.C. Baird, Progress
in Inorganic Chemistry, Vol. 9, Interscience, New York, 1968, p. 1.

5 J1.D. Cotton, S.A.R. Knox, . Paul and F.G.A. Stone, J. Chem. Soc. (A), (1967) 264.

WD

J. Organometal. Chem., 22 (1970) C31--C33



