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Summary

The preparation of an air-sensitive 16-electron complex, Cp,NbCl, is
described. Its main property is easy transformation to 18-electron mononu-
clear compounds. Cp,Nb(=0)ClI and Cp,Nb(CO)CI are obtained in oxidation
and carbon monoxide gas addition processes, respectively. The physical prop-
erties of these complexes are described.

Results and discussion

At present we have hardly any data on 16-electron niobocene derivatives,
in contrast to the few, but well-known vanadium compounds of this kind
[1—3]. Cp,NbCl was once mentioned to be a possible product of a reaction
of Cp,Nb(n-C;H;) with HCL. No properties of the compound wera reported
[4]. A number of problems must first be resolved in the investigation of
these electron-deficient complexes. Namely, we must know the reactivity as
compared with corresponding comp;exes of adjacent elements, whether the
structure is dimeric® or monomeric, and finally, the electron structure, since
there may be two unpaired electrons in the molecule or none at all.

In this paper we report the synthesis of the electron-deficient niobocene(1IT)
chloride and some of its reactions.

All experimcnts were performed in vacuum, or under argon using Schlenk-
type glassware. ESR spectra were recorded with a Varian E-4 ESR spectrometer.
'H INMR spectra were obtained with a Varian T-60 instrument. For the IR
spectra investigation a Zeiss UR-20 machine was used. Good analyses were
obtained for all compounds.

A very air-sensitive compound, Cp,NbCl, was prepared following a typical
reduction method (eq. 1).

*In this case the compound is only a pseudo-16-electron complex.
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+le .
(CsHs)szCh ——> (CsH; )2NbCl 1)
(dec. temp. 220—222°C)

Active métals such-as Na, Mg, Zn and Al in ether-type or aromatic solvents
accomplish this process. The best method, however, is the action of sodium
naphthalene (NaphNa) in THF (eq. 2).

(CsHs)2NbCl, + NaphNa - (CsH;);NbCl (2)
' (58%)

In the course of the reduction reaction the strong ten-line ESR signal
(g 1.9970; Ang 116.5°G) of the initial Cp,NbCl, [5] decreased and finally
vanished almost completely.

Cp.NDbCl is a dark-brown complex readily soluble in the usual organic
solvents, except for alkanes. Special measures had to be taken to eliminate
traces of oxygen in solvents during the synthesis and work-up.

Recently we carried out a reaction of n-C;HyLi with Cp,NbCl, [6,7]. In
this reaction a trivalent transitory niobium complex, apparently of structure
Li{Cp,Nb(C4H,)Cl]: was formed before the complexes finally isolated. In the
present work we show that unstable Li{Cp,Nb(C;H)Cl] is easily transformed
to Cp,;NbCl by the action of HCl in ether (eq. 3)..

: —LiCl,~C,H,
Li[(CsHs5),Nb(C,sH,)Cl] + HC1 (CsHs),NbCl (3)

The main feature in the chemical behaviour of Cp,NbCI is its fast transfor-
mation to 18-electron complexes under the action of a suitable reagent. We
investigated two processes (eq. 4a, 4b).

O
22 @D (¢ 1), Nb(=0)Cl (42)
(51%, dec. temp. > 190°C)
(CsHs);NbCl—
1018
00 (823)  ¢,m,),Nb(COYC (4b)

(56%, dec. temp. > 180°C)

Reaction 4a is oxidation of niobium(III) to niobium(V). Ttie yield of the
resulting oxoniobocene chloride is similar to that reported in previous papers
[6,8]. The Nb=C stretching frequency is 867 cm™!.

The carbonylation reaction (like the oxidation) occurs instantaneously,
even at 1 atm pressure of CO, and the monocarbonyl complex is the result.
Carbonylniobocene chloride is a grey crystalline compound, soluble in
benzene, toluene, THF, and insoluble in ether, alkanes, and alcohols. The
stability of this complex in air is much higher than that of Cp,NbCl. The
carbonylated chloride can easily be exposed to air for several days and only
slow conversion to Cp,Nb(=0)Cl takes place. The CO stretching frequency is
1902 em™. It is in good agreement with that of Cp,Nb(CO)H briefly described
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by Parshall and Tebbe in 1971 [9]. The compound Cp.Nb{CO)Cl belongs to
the somewhat rarer trivalent, 18-electron niobium complexes {9—14]. -

Details concerning the structures of the compounds were obtained from
the chemical reactions described above and from the physical properties.

The IR spectra of all compounds show absorption characteristics of -
bonded cyclopentadienyl groups {(absorption at 3100——3080 1430, 1370,
1120, 1010 and 800 cm™!) {15].

All compounds are diamagnetic and have no unpaired electrons on the
niobium atom. Evidence for diamagnetism of Cp,NbCl in solution was ob-
tained from the ESR spectra of the 1073—10"* M solutions in various solvents.
No sigmal associated with this compound was observed. Another proof is the
uncormaplicated PMR spectrum of Cp,NbCl.

Parameters of PMR spectra (6, ppm, from internal TMS) of n-bonded
cyclopentadienyl ligands in the niobocene complexes synihetised are as fol-
lows: Cp.NbCl1 5.04 (acetone-ds), Cp:Nb(=0)Cl 6.42 (acetone-dy), and
Cp.Nbh(CO)C1 4.88 (benzene-d).
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