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SYNTHESES USING ELECTROCHEMICALLY GENERATED COBALTOCENE OR COBALTOCENE ANION
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As we have shown previously} substituted or unsubstituted cobalticinium salts 1' are
reduced in two reversible stages on a mercury electrode. The first, which had already been des-
cribed in the case of the wnsubstituted compound, corresponds to the reduction to cobaltocene?'?
the second, which had never been reported, leads! to the very interesting cobaltocene anion 3',
the existence of which was later confirmed by Geiger®.

Y, &[S

Cot — Co Pma— Co (I)
i’ 2 3"

For the unsubstituted compound (1'; R = R' = H) the half-wave potentials are respec—
tively - 1.20 and - 1.86 V (E.C.5.) in 30 % ethanol-water solutions and - 0.77 and - 1.73 V
(E.C.S.) in 0,1 M (CHy) NC10, dimethylformamide.

We wish to report some examples showing the advantages of using electrochemically ge-
nerated cobaltocene or cobaltocene anions for syntheses in the cobaltocene series.

Preparations starting fram cobaltocene.

5.8
It has been shown that substituted cyclopentadienyl cobalt cyclopentadienes can be
prepared by the reaction of an aroyl or alkyl halide RX with cobaltocene. Fram two moles of co~
baltocene, one mole of the product 4 and one mole of the cobalticinjum salt are formed.
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This reaction has two disadvantages : (a) Cobaltocene, being very unstable owing to
its oxidability, is difficult to prepare and to manipulate ; it is commercially available but
expensive. (b) The yield of the reaction based on cobaltocene is necessarily limited to 50 %.

We have carried out reaction II using cobaltocene generated by electrolysis of the co-
balticinium salt ) (reaction III). 1 is easy to prepare and very stable ; the yleld is practi-
cally 100 %,since the cobalticinium salt formed is reelectrolyzed until completion of the reac-
tion. Another advantage is the greater velocity of the electrochemical process when the chemi-
cal reaction is slow (see table). This feature can probably be explained by the fact that the
concentration of cobaltocene decreases more slowly because of the electrochemical regeneration.

Corqpound 41a 4Db ic 44
Substituent R CHZCGHS G-!ZlCGHs d:13 CH2Br

Electrochemical 95 (20°C) 96 (20°C) 98 (20°C) 90 (20°C)
Yields

chemical 47,55 (20°C)| 445(40°C) 457 (20°C) 458 (40°C)

electrochemical 2 h. 7 h. 1 h. 5 h.
Time

chemical 20 m. 50 h. 1 h. 5 h.

Preparations starting from the anion.

Even more interesting synthetic possibilities are offered by cobaltocene anion 3',
as shown for example by the following reaction :
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Cyclopentadienylcobalt carboxycyclopentadiene 5 is rather umstable and was converted
4n situ to the methyl ester 6 by the action of methyl iodide®. 6 was identified by centesimal
analysis and by its spectral properties. [n.m.r, CDCl3, § p.p.m. : 2.80 H,,Hg ; 3.43 (:li3,H1 ;

cCl -1
4.81 Cg B, 7 5.31 Hy, B J[dor. v 2% 1736 am ©  (00)].
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Electrochemical oxidation of the ester § (E = + 0.05V, 40% ethanol-water, pH 3) gave
the methaxycarbonyloobalticinium salt 7 in poor yields (10 %) ; the reaction of 6 with

CO,CHy
CO.,CH
2CH3
(C_H.) ,CBF @_
o ¢Hs) 3CBF, Co* (V1)
@ 100 %
6 A

triphenylmethane tetrafluoroborate, however, afforded 7, which we were able to isolate as the
hexafluorophosphate or tetraphenylborate in 100 % yield. 7 was characterized by comparison with
a sample prepared according to Sheats and Rausch!?, who obtained 7 starting from a mixture of
methyl and dimethylocobalticinium salts. Their four step preparation requires at least 50 hours
and the overall yield is 27 $. Our method allows 7 to be prepared in 10 hours in 96 § yield
(based on the cobalticinium salt).

As this first example demonstrates, reactions involving the anion 3' open a new in-
teresting route to the synthesis of substituted cobalticinium salts, since the direct electro-
philic substitution on the cobalticinium nucleus is not possible. In particular we are presently
examining its application to the synthesis of homo and hetero disubstituted cobalticinium salts,
the preparation of which is difficult!l. Other reactions of cobaltocene anion and the prepara-
tion of other metallocene anions will be investigated later.
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