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In the previous communication,2 carbon-metal hyperconjugation3 has been demonstrated
in the facile deuteriodeprotonation observed during electrophilic cleavage of dibenzylmer-
cury and benzylboronic acid. In this report we discuss the same phenomenon with respect
to the ferrocene system.

4a,b

Traylor and Ware ’ have suggested that the high reactivities in reactions 1 and 2

(where Fer = CgHgFeCgH,) are, in part, due to Fe-C bond hyperconjugation

FerCH(CH3)X ROH FerCH(CH3)OR (retention) (1)
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illustrated below for reaction 2. These workers have demonstrated a strong resonance
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stabilizing effect for the ferrocenyl group in the para position of a benzene ring in
reaction 2. We now report a similar effect for isotopic hydrogen exchange in phenyl-
ferrocene.

Phenylferrocene was prepared from ferrocene and phenyldiazonium sulfate according
to the procedure of Broadhead and Pauson,5 and was purified by column adsorption chroma-

tography on alumina. The hydrogen exchange rate for this compound was determined in
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4,31 M trifluorcacetic acid-d (98% 0-D) in benzene at 25°C, H -1.38. Kinetic analysis
was made by isolating aliquots at various time intervals, purifying the material by
chromatography, and comparing the integrated areas of the sample peaks with respect to
methylene chloride as internal standard in a Varian HR-60 nmr spectrometer. This method
enabled the determination of specific rate constants for all positions in phenylferro-

7 of material isolated at various

1 and 608 em?,

cene.6 Results are seen in Table 1. Infrared analysis
points of a kinetic run showed the presence of two strong bands at 635 cm
which we assign to the ortho and para carbon-deuterium bending frequencies of the phenyl

. 8,9
ring.

TABLE 1

Specific Rate Constants for Isotopic Hydrogen Exchange at 25°C, H°-1.38

1

Compound L (sec ) Rel. Rate
Phenylferrocene:
2 position 8.54 x 10-u 1447
1' position 3.35 x 107" 568
3 position 2.71 x 10™" 459
phenyl ring (o and p) 0.59 x 10_6 1
phenyl ring (m) too slow to measure
total ratel® 3.68 x 107"
Ferrocene11 5.59 x 10_u w7
Anisole 1.25 x 10-6
Toluene 6.28 x 10720

In order to compare the rates of these isotopic hydrogen exchanges with those of
other aromatic compounds we have measured exchange rates for toluene and anisole under
our conditions. Tritiodeproténation rates for these substrates in 4.31 M trifluorcacetic
acid-H3 at 25°C are shown in the table. A log krel. versus o' plot using these two rates
as calibration points (p -6.9) leads to a value of -0.72 for para-ferrocenyl. This can
be compared to the value of -0.71 obtained from solvolysisu data.

The fact that the ferrocenyl group accelerates exchange on benzene by 105 whereas
the phenyl group (or even the methoxy groupio) scarcely changes reactivity on the ferro-

cene group is also consistent with o-7 conjugation. Thus the resonance structure (I) is



No.45 459

important in the exchange on phenyl but (II) would not be important for exchange in the

ferrocenyl group because it is an unstable structure.
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The above and previous3 results make it abundantly clear that carbon-metal hyper-
conjugation is a general phenomenon in the reactions of organometallic compounds,
whether they be o bonded metals2 or the n bonded metallocenes.

Curiously the rate of deuteriodeprotonation of ferrocene leads to a °+u—Fer = -1.1

which is contrasted to °+a—Fer = -1.4 for the solvolysis reaction 1. The following
communication shows how this discrepancy has lead to a general mechanism for electro-

philic substitution on metallocenes.
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