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Summary

The dark green crystalline [ ZrCp",(CO),] (Cp” = n-CsH3(SiMes ), ), (I)
(6 (**CO) 264 ppm), was prepared by reduction from [ZrCp”,Cl,] and either CO
(using Na—Hg, Mg—HgCl,, or Li, [COT]) or CO,(Na—Hg) in high (CO) to
moderate (CO, ) yield; the Na—Hg/CO procedure was much more effective than
for Zr analogues having n-CsHs or n-CsH,4(SiMe;) ligands; the carbonyl complex
I is a convenient precursor to CO-free derivatives obtained either by oxidative ad-
dition or ligand displacement.

The only stable carbonyls of zirconium and hafnium (M) at present known are
the metallocene(II) complexes [MCp,(CO),] (Cp =1n-CsH;) and [MCp2 (CO), 1
(Cp =n-C;Me;) [1], as well as [MCp,(CO)L] (e.g. L = PMe;) [2]. In view of
our interest in the lipophilic, bulky trimethylsilylcyclopentadienyl ligands
n-CsH;(SiMe;), (abbreviated as Cp”) and, to a lesser extent, n- -CsH,(SiMe;)
(Cp') to stabilise unusual complexes (e.g., the metallocene(IlI) ¢ chlorides of early
(f°—f?) lanthanoids, [(LnCp”,Cl),1, for which corresponding Cp, Cp’, or Cp*
complexes are not accessible [3]), we sought to examine [MCp”,(CO),] and
[MCp’;(CO),].

We now present our preliminary findings, which demonstrate: (i) high yield
syntheses (methods 1—3, Scheme 1) of [ZrCp”,(CO),] (I); (ii) the formation of
I by deoxygenation of CO, (method 4, Scheme 1) (cf. ref. 4 for related reac-
tions); (iii) the first record of a '3*C NMR chemical shift (in I) for a Group IV
transition metal carbonyl; (iv) the characterisation (Table 1) of I, [ ZrCp’;(CO); ]

*No reprints available.
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SCHEME 1. Routes and yields, under ambient conditions, to 7-bis[bis(trimethylsilyl)cyclopentadienyl]di-
carbonylzirconium(II) (I), and two typical reactions of complex I. Abbreviations: Cp" = n-C,H,(SiMe,),,

COT = cyclooctatetraene, THF = tetrahydrofuran, Compound V has not yet been isolated as a pure com-

pound, but as a mixture (ca. 1/1) with compound I; compound V has »(CO) at 1842 cm ™! (n-C,H,,) and
§(*'P) ~143.8 ppm rel. to P(OMe),.

TABLE 1
CHARACTERISATION OF THE NEW METALLOCENE(II) CARBONYLS

Compound M.p. Colour »CO) '"H NMR € 13C NMR €
co (em™hH)? (8, ppm) (8, ppm)
C.H,_,(SiMe;), CO
SiMe,
{ZrCp",(CO),]1 (I)  110—115 (dec.) Dark green 1962, 1875° 5.60 0.10  264.4
[ZrCp’(CO),1 (I)  95—97 (dec.) Dark brown 1970, 1880% 5.1 (m)? 0.16
[HfCp",(CO),1° Green 1950, 1855  5.35 0.10

@ Nujol. ¥Inn-C ¢H;,: for1 1965 and 1878 cm ™!, and for II 1972 and 1885 cm™!. € C sDe (shifts rel. to
SiMe,). ¢ m = multiplet. € Not obtained free from [HfCp’ ",Cl,1 and [ZrCp",(C0), ], but ‘composition of
mixture readily determined from IR and 'H NMR spectra.

(II), and [HfCp",(CO), ] (III) (obtained thus far only in a mixture); (v) the
demonstration that [HfCp”,Cl,] is reduced much less readily than [ ZrCp",Cl, ]
(which may possibly provide a method for separating Zr from Hf and thus ob-
tain the latter pure); commercial samples of HfCl, invariably contain appreci-
able ZrCl, contamination [5]; and (vi) two typical reactions of complex I
(Scheme 1), which demonstrate its potential as a precursor to other
zirconocene(II or IV) complexes, exemplified by [ZrCp”,I,] (IV), and
[ZrCp",(CO)(PMe;)] (V), (the latter has not yet been isolated as pure crystals).

The complexes [MCp, (CO), ] have been obtained from [MCp,Cl, ] and either
(i) Na—Hg and CO (1.5 atm) (in low yield, increased to 11%, at high pressure of
CO [6]), or (ii) Li under high pressure of CO (200 atm, 80%) [7]. It is interest-
ing, therefore, that progressive substitution in CsH; affords under ambient con-
ditions [ZGC"z(CO)z] or [ZGCz(CO)z] in high (Scheme 1) or moderate (50%)
yield, respectlvely However, [ZGC2 (CO),] was likewise prepared in good yield
from [ZGC2 Cl,] and Mg—MgCl, [2].
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We are actively studying the chemistry of [ ZrCp”,(CO), 1, as a substrate for

Zrl, Zrm, and Zr'V compounds. For the present, the potential of the carbonyl
is illustrated by (i) an oxidative elimination ((CO), /(I ), exchange) and (ii) a
neutral ligand displacement reaction (CO/PMe; exchange) (Scheme 1).
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