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Moreover, reduction failed to take place when water was
added to a mixture of PPh, and PdCl, but did occur when
fluoride ion was added. The addition of less than a
stoichiometric amount of fluoride results in only partial
reaction, presumably owing to the formation of the ex-
ceedingly stable HF,™ ion from the protons liberated in the
reaction (Scheme I). Analysis of the filtrate of reaction
1 by 3P NMR spectroscopy gave evidence for the forma-
tion of the phosphine monoxide Ph,P(CH,);P(O)Ph, (é-
(®1P) 31.0, -17.2 ppm) as one of two observable oxidation
products. The other bidentate phosphines employed also
yielded the phosphine monoxides (and not the dioxides)
as the final oxidation products. This assignment is un-
ambiguous since [Ph,P(0)CH,], and [Ph,P{0)],CH, ex-
hibit singlet 3P NMR resonances, whereas the monoxides
Ph,PCH,P(0)Ph, and Ph,P(CH,),P(O)Ph, each exhibit
two doublets.!® The filtrates of reaction mixtures of the
type exemplified by reaction 1 also contained a difluoro-
phosphorane product. For (Ph,PCH,),,
Ph,PCH,CH,PF,Ph, was identified by comparison of its
3P and ®F NMR spectroscopic parameters!* to those
previously reported.’® The difluorophosphorane products
for the other ligands employed were similarly identified.!617

A plausible reaction pathway is proposed in Scheme 1.
Nucleophilic attack of fluoride on phosphorus followed by
transfer of two electrons from phosphorus to palladium
yields the palladium(0) complex and a fluorophosphonium
salt. Although we did not observe fluorophosphonium
cations in this reaction, [PhsPF]* has been reported in the
literature and it is known to react readily with fluoride in
solution to give PhyPF,,'® which we have identified in our
reaction solution. Hydrolysis of the difluorophosphorane
to the phosphine oxide completes the scheme. Other
pathways, such as prior coordination of fluoride to palla-
dium followed by migration of the flucride to phosphorus,
cannot be ruled out.

We are presently investigating the scope of this reaction
using other phosphorus ligands and additional metals, as
well as the potential for making it catalytic in fluoride.
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Summary: The electrochemical reduction of the cobal-
tacycle Cp(CO)CoC,,Hg (1) has been studied in tetra-
hydrofuran/0.1 M Bu,NPF, by cyclic voltammetry, bulk
coulometry, and rotating-ring—disk voltammetry. This
complex reduces in an irreversible one-electron process
at ca. -1.7 V vs SCE. Within the time frame of a CV
scan, about '/, equiv of the fluorenone anion, FI-, is
produced per equiv of 1-. Since 1 produces Fi only
slowly when heated under CO, it is clear that the reduc-
tion of 1 results in an enormous increase in the rate of
alkyl to acyl migratory insertion for this complex. Since
the insertion must occur immediately after uptake of an
electron by 1, a 19e intermediate is responsible for the
enhanced rate of migratory insertion. A body of earlier
work on redox acceleration of migratory insertion reac-
tions has led to controversy over whether insertion occurs
at the 17e or 19¢e stage. The present results offer defi-
nitive evidence that 19e species may show very large
enhancements in their rates of migratory insertions.

Alkyl to acyl migratory insertion reactions are known
to be enormously accelerated in odd-electron organo-
metallic complexes.! However, there is controversy over
whether the insertion step occurs in the 17-electron or
19-electron species.2"7 With one exception,” redox ac-
celeration of the reaction has been achieved by oxidation
of an 18-electron complex in the presence of a nucleophile.
Two routes may be envisioned for insertion after formation
of the 17e species [L,M(CO)(CH,)]* (Scheme I), depending
on whether migration occurs before coordination of Nu (in
the 17e radical cation, top route) or after (in the 19e in-
termediate, bottom route). In spite of very careful ex-
perlmentatlon especially involving Cp(L)Fe(CO)Me (Cp
= 75-C;H;),2% no consensus exists on the mechanistic
questlon

We now report an example of rapid alkyl to acyl mi-
gratory insertion in which a 19e complex formed in the
absence of an added ligand is the most reasonable structure
to precede the insertion step.

The 18e cobaltacycle Cp(CQO)CoC,,Hg® (1) simplifies the
mechanistic possibilities because it is only labile at the
Co-CO bond under our conditions.® Earlier work showed
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that reduction of the phosphine-substituted analogues
Cp(PR4)CoC,3H, involved an orbital that is antibonding
between Co and the phosphine ligand, quantitatively
producing PR; and the 17e anion 27191 Although some
2" is also formed upon reduction of 1 in thf, significant
quantities of the insertion product fluorenone anion, FI,
are generated immediately after electron uptake. The
replacement of Co by CO in the fluorenyl backbone must
result from a remarkably fast carbonyl migratory insertion
reaction®!? in which the 19e complex 1~ precedes the in-
sertion step. A possible structure of the initial insertion
product is shown in Scheme II. The 19e anion 1- is very
short-lived, and cyclic voltammetric (CV) scans of 1 up to
10* V/s did not show reversibility for the one-electron wave
1/1°. The other product of this reaction is CpCo(CO),.
Confirmation of the product identities has been obtained
from their properties as measured by CV, exhaustive
electrolyses, and IR and NMR spectra. Fluorenone was
confirmed as being in its anion form from rotating-ring-
disk electrode measurements.

Consider the CV scans in Figure 1. Four cathodic peaks
are seen at scan rates ranging from v = 0.05 to 100 V/s.
Peaks a and d are due to the irreversible le reduction of
1 and the reversible reduction of 27, respectively. The
other reversible waves are due to CpCo(C0),%~ (b, E° =
-0.82 V) and FI/% (¢, E° = -2.02 V).!12 In addition to
showing a reduction to the dianion, FI™ is also responsible
for peak e on the reverse scan, which is half of the rever-
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Figure 1. Cyclic voltammetric scan of 0.5 mM 1 in thf with v
= (0.2 V/s at a Pt-bead electrode (potential vs SCE). The lettered
waves arise from the following: reductions (a) 1, (b) CpCo(CO),,
(c) fluorenone anion, FI", and (d) 27; oxidation (e) fluorenone anion,
FI-.

sible couple F1%- (E° = -1.32 V). The anodic waves at yet
more positive potentials (>-0.9 V) are due to the reoxi-
dation of 27! and do not play a role in the insertion
scheme. The assignments of all waves were confirmed by
comparison with those of authentic samples.

Analyses of electrolyzed solutions by electrochemistry
and by IR spectroscopy confirm the voltammetric results,
with preliminary determinations of 0.3-0.4 equiv of
CpCo(CO),, 0.25-0.50 equiv of FI7, and ca. 0.6 equiv of 2
per equiv of 1, consistent with the approximate overall
stoichiometry of the equation

31+ 3¢ — FI" + 22" + CpCo(CO),

This implies that the insertion reaction is competitive
with the cleavage of the Co—CO bond, since the formation
of CpCo(CO), most likely occurs from the reaction of free
CO with “CpCo” liberated in the insertion process. In this
model, the metal limits the degree of conversion to
fluorenone by scavenging CO. Consequently, reduction
under a CO atmosphere increases the formation of the
insertion product, with CV scans showing a large increase
in waves ¢ and e (F17) and the absence of wave d (27).

One other report of a reductively induced CO insertion
reaction has appeared, involving Cp(CO)Fe(CO)(CHj,)."
The experimental conditions of that study, namely an
excess of PPh; and a slow, electrocatalytic conversion to
Cp{(CO)(PPhy)Fe(COCHj;), complicate the mechanistic
considerations, but it is quite likely that the insertion step
occurs at the 19-electron stage in that system also.

We believe it is reasonable to assign a 19-electron
structure to the metal in the transient anion 17, for a much
more stable anion would be expected if the extra electron
were localized in the fluorenyl hydrocarbon backbone.
Thus, the present results strongly suggest that CO inser-
tion can be accelerated in a formal 19-electron complex.
The relationship between this observation and the be-
havior of true (CO)M-alkyl complexes is yet to be estab-
lished, but our results are consistent with the observation
of 19-electron intermediates in the CO insertion chemistry
of [Cp(CO)Fe(PPhg)(CH3)]*. This appears to be the first
example of redox-accelerated migratory insertion accom-
plished in the absence of an added nucleophile.!® Since
neutral 1 must be heated under CO to produce fluorenone?
whereas 1” gives the insertion product at room temperature
in less than 107% s, it is clear that the 19e complex has an
enormously enhanced rate of migratory insertion.
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