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Suimmary

The following two types of new compounds have been isolated: M(OEt),-
(etbzac) and M(OEt)s(etbzac), (where M is niobium or tantalum) by the reactions
of niobium and tantalum pentaethoxides with ethyl benzoylacetate. Further
replacement of the ethoxide group by the ligand is very slow. These derivatives
interchange their ethoxide groups with tertiary butanol, yielding the corresponding
tertiary butoxide derivatives. All these derivatives can be purified by distillation
under reduced pressure. Molecular weight determinations show them to be mono-
meric in boiling benzene.

The reactions of niobium and tantalum pentaalkoxides with S-diketonesl-3
and B-keto esters? have been studied and interesting results have been observed
regarding their volatility and coordination number. In view of the above, it was
considered of interest to study the reactions of pentaethoxides of these two elements
with ethyl benzoylacetate.

For the preparation of such derivatives, the technique of alcohol interchange
was adopted and the reactions of niobium and tantalum pentaethoxides with dry
ethyl benzoylacetate were carried out in different stoicheiometric ratios in benzene.
The ethanol produced in these reactions was removed azeotropically with benzene
and estimated by an oxidimetric method.> These reactions can be represented by
the following equation:

M(OEt);+2L — M(OEt),_, L, +-2EtOH

where M is Nb or Ta, # = 1 or 2, and L = ethyl benzoylacetate.

The experimental technique was the same as already described.%* A plausible
mechanism for these reactions would be one similar to alcoholysis Sy2 reactions.

All the products are yellow viscous liquids, susceptible to moisture and
soluble in benzene (Table 1). The replacement of the first ethoxide group by the
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ethyl benzoylacetate molecule occurs readily, but further reaction is very slow
and requires several hours of refluxing. The reactions of pentaethoxides of niobium
and tantalum and ethyl benzoylacetate in molar ratio of 1:5 yielded disubstituted
products, whereas further reaction appeared to be very slow and only 2-3 moles
of ethanol could be distilled out during 40 hr of refluxing. The slowness of these
reactions could be ascribed to greater steric hindrance encountered in these
reactions compared to those with methyl and ethyl acetoacetate.

Further alcoholysis reactions of mono- and di-substituted derivatives with
tertiary butanol in the presence of benzene provided a good method for the
preparation of the corresponding tertiary butoxide derivatives. Estimation of
ethanol liberated gave not only a check on the completeness of the reaction but
also provided a means of analysis of ethoxide content in the original derivative.
These reactions proceeded comparatively more readily in the case of tantalum:

(EtQ)M(etbzac) +4Bu*OH — (Bu*Q)M(etbzac) +4EtOH
(EtO);M(etbzac); +3ButOH — (But0);M(etbzac),+-3EtOH

These derivatives are yellow solids (Table 2) soluble in benzene. All these
ethoxide derivatives as well as tertiary butoxide derivatives can be purified by
distillation or sublimation under reduced pressure. Their molecular weights were
determined ebullioscopically in benzene and found to be monomeric. The niobium
and tantalum have achieved the coordination number six and seven in mono- and
di-substituted derivatives, which is now well established.® The boiling points of
these derivatives indicate that the tantalum derivatives are more volatile than
the corresponding niobium derivatives.

EXPERIMENTAL

Experimental technigues, reagents, and analytical methods were similar to those described
previously.1* The ethyl benzoylacetate was distilled under reduced pressure before use.

(i) Reaction of Niobium Pentaethoxide with Ethyl Benzoylacetate in the Molar Ratio of 1:1

Ethyl benzoylacetate (2:1 g) was added to a benzene (50 g) solution of niobium penta-
ethoxide (3-56 g). The colour of the solution became light yellow. The solution was refluxed
under a fractionating column and the binary azeotrope of ethanol-benzene was collected at
68-80°, After about 12 hr, the excess of the solvent was distilled off at a high reflux ratio. A
yellow solution was obtained which was evaporated under reduced pressure at room temperature.
A yellow viscous liquid (5'1 g) remained which was distilled under reduced pressure, b.p.
178°/0-5 mm (Ethanol in the azeotrope 0°:49 g; replacement of 1 equiv. requires 0-51 g.
Found: Nb, 20:2; EtO, 39-8; mol. wt., 436. Nb(OEt),(etbzac) requires Nb, 20-0; EtO,
38-89,; mol. wt., 464-4).

(i) Reaction of Tantalum Tetraethoxide Monoethylbenzoylacetate with t-Butanol

t-Butanol (8-2 g) was added to a solution of the above compound (1:79 g) in benzene
(40 g). The reaction mixture was refluxed under the column as above with slow fractionation
of the azeotrope. Excess of the solvent was distilled out under reduced pressure. A yellow solid
(2:20 g) (b.p. 180°/0-8 mm) was obtained (Ethanol in the azeotrope 0:60 g; replacement of
4 equiv, requires 0:59 g. Found: Ta, 27-6; mol. wt. 639, Ta(OBut),(etbzac) requires Ta,
27-2%; mol. wt. 664-86).
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