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material, and 656%, with no recovery. Application of this
ligand exchange to the sym- and unsym-(benzoferrole)-
tricarbonyliron complexes yielded the analogous benzo-
ferrametallocenes 3 and 4.

The isolobal analogy of the ferrametallocenes to the
metallocenium ions 1, as well as to Hogeveen’s pyramidal
dication,!® suggested that they might possess interesting
electrochemistry and exhibit relatively low reduction po-
tentials. Indeed, both 2a and 2b readily add one-electron
reversibly (E; ' = -1.39 and -1.76 eV, respectively),'®
although not as readily as for the isolobal complex (fer-
role)tricarbonyliron 5 (E, ! = -1.30 eV).17.

At the same time, the complexes 2a and 2b, similar to
other metallocenes, are sufficiently electronically rich to
be conveniently acylated under conventional Friedel-
Crafts conditions at room temperature. Acetylation and
benzoylation using the corresponding acid chloride-alu-
minum chloride complex in either carbon disulfide or
dichloromethane occurred in 30-55% yield.!®* Consider-
ation of 'H and 3C NMR chemical shift data, which often
correlates with relative rates of Friedel-Crafts acylation,!®
suggested preferential electrophilic attack at the Cj-
cyclopentadienyl ring. Contrary to this expectation,
however, acylation occurred exclusively at the carbon ad-
jacent to the iron in the ferracyclopentadienyl ring, i.e.,
presumbaly at the least electronically rich carbon atom,
yielding the 2-acetyl and 2-benzoyl derivatives. In the
acetylation reactions, where diacylation as well as mono-
acylation was observed, even the attack by the second acyl
group occurred exclusively at the unsubstituted carbon
adjacent to the iron, to yield the 2,5-diacetyl derivative®
(~15% yield). Interestingly, preliminary data also suggest
that the second acylation step is competitive with the first.
This and additional chemistry, as well as our efforts to
prepare additional mixed metallametallocenes, will be the
subject of forthcoming reports.
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Summary: The reaction of [(Me;Si),CH],PCI with Na in
n-hexane at 65 °C results in the formation of
[(Me;Si),CH],PH (3) and (Me;Si),C—PC(H)SiMe,), (4), in
addition to the phosphinyl radical [{(Me;Si),CH},P]: (1) and
the corresponding dimer [(Me;Si),CH] P, (2). Compounds
3 and 4 have been synthesized by independent routes.
The reaction of a mixture of 1 and 2 with Na in n-hexane
produces 3 and the phosphide anion [{(Me;Si),CH},P]" (5).

Lappert, Goldwhite, and co-workers? have established
that stabilized phosphinyl radicals are produced when
chlorophosphines bearing bulky groups are photolyzed in
the presence of an electron-rich olefin. The
[{(Me,Si);,CH},P]- radical, 1, which serves as a novel ligand,?
can also be prepared by the action of Na on
[(Me4Si);CH],PCl in n-hexane.*® In the course of mon-
itoring this reaction by 2'P{*H} NMR spectroscopy, it is
apparent that two further products arise in addition to the
phosphinyl radical, 1, and the corresponding dimer
[(MesSi),CH]P; (2).

A singlet at —72.2 ppm® in the 36.43 MHz 3'P{'H] spec-
trum which becomes a doublet in a coupled spectrum (Jpy
= 195.3 Hz) is due to the secondary phosphine,
[(Me;Si),CH],PH (3). The identity of 3 was established
via two independent routes: (i) the LiAlH, reduction of
[(MesSi);CH],PCl and (ii) reaction of the phosphinyl
radical, 1, with C;H;SH. The yields of 3 (bp 65-75 °C at
0.04 torr) were 82% and ~100% for routes i and ii, re-
spectively. High-resolution mass spectrum (HRMS), for
3: caled 350.1865; found 350.1874.

The second product exhibits a 36.43-MHz °'P{H}
chemical shift of +404 ppm,® thus suggesting that it is a
two-coordinate phosphorus compound.” Identification of
this material as the new phosphaalkene (Me;Si),C=PC-
(H)(SiMe;), (4) is based on its independent synthesis by
the following two-step procedure: (i) dehydrochlorination
of (Me,Si),CHPCl, with 1,4-diazabicyclo[2.2.2]octane
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(18) 2-Acetylferracobaltocene: mp 82-84 °C; IR (CS,) 1673 (w), 1960
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(20) 2,5-Diacetylferracobaltocene: mp 114.5-116 °C; IR (CS,) 1675
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(caled 399.9444).
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(DABCO) to form (Me;Si),C=PCI® and (ii) treatment of
(Me,Si),C=PCl with (Me;Si);,CHLi® in hexane solution.
The overall yield of 4 (bp 79 °C at 0.005 torr) starting with
(Me;Si),C=PCl was 75%. HRMS for 4: calcd 348.1710,
found 348.1717; NMR data for 2: 3C NMR (20 MHz)
(M94Si) Me3Si (a) 6 2.0 (d, JPCSiC =54 HZ), Megsi (b) é
4.3 (d, JPCSiC =31 HZ), Me;;Si (C) 6 3.82 (S), PC (d) 0 40.6
(d, Jpc = 87.3 Hz), PC (e) 6 191 (Jpc = 89.7 Hz).

{a) Me35x\(e) @ "

c=p_/
(b) MezSi \dC—-S<Me3 (c)

@\

SiMesz (c)

We next address the question of the mechanisms of
formation of 3 and 4. Purification of the
[(MegSi),CH],PCl/Na reaction mixture by fractional
vacuum distillation (bp 70-78 °C at 0.03 torr), followed
by two recrystallizations from n-hexane at —20 °C, affords
single crystals of the pure diphosphine [(Me;Si),CH],P,.1?
Dissolution of these crystals in n-hexane or toluene results
in orange-red solutions which exhibit only one 3'P{'H}
NMR peak (+19 ppm (s)). Heating a toluene solution from
+28 °C to +80 °C resulted in the gradual disappearance
of the +19-ppm peak as the diphosphine 2 dissociated into
the phosphinyl radical, 1. These changes were reversible,
and no new peaks appeared. Furthermore, no new 3'P
NMR peaks were detectable upon prolonged storage of
n-hexane solutions of 1/2 mixtures at 25 °C. Clearly, 3
and 4 are not produced via the phosphinyl radical, 1, or
the diphosphine, 2. To shed more light on this question,
an n-hexane solution of the 1/2 radical/diphosphine
mixture was treated with an equimolar quantity of Na at
65 °C for 14 h. This resulted in the complete consumption
of 1 and 2 and the formation of a 60/40 mixture of 3 and
the new phosphide anion [{(Me;Si),CH},P]" (5) (*'P
chemical shift, -106 ppm). This experiment suggests that
in the [(Me;Si),CH],PCl/Na coupling reaction, 3 arises via
the phosphide anion, 5. Interestingly, the phosphide anion,
5, is not produced by treatment of the secondary phos-
phine, 3, with n-BuLi, n-BuLi/TMEDA, MeLi, or KH,
presumably because of the steric bulk of the (MeySi),CH
ligand.

Considering that the phosphaalkene 4 might be pro-
duced by dehydrochlorination of [(Me;Si);CH],PCl, we
treated this compound with DABCO in ether solution for
4 h at 40 °C. However, the chlorophosphine failed to react
and was recovered quantitatively. Further experimenta-
tion will therefore be necessary to reveal the mechanism
of phosphaalkene formation.

The coordination chemistry of the phosphide anion, 5,
is under active investigation.
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Summary: Reaction of t-Bu,PLi with MCl,(PMe;), (M =
Fe, Co, Ni) in THF at ~-78 °C yields [Fe(u-t-Bu,P)Cl-
(PMey)], (1), Coy(u-t-Bu,P),Cl(PMey), (2), and [Ni(u~t-
Bu,PXPMe;)], (3) whose structures have been determined
by X-ray diffraction studies.

It is well-known that variation in the size of the R groups
of trialkyl- or triarylphosphines (PR;) can dramatically
alter the chemical and physical properties of their tran-
sition-metal complexes.! However, similar studies of
transition-metal phosphido complexes are not available as
most of them are derivatives of diphenyl (Ph,P-) or di-
methyl (Me,P-) phosphide which are not particularly
bulky.?

As part of a program aimed at the study of steric effects
in transition-metal phosphido complexes we have initially
studied the chemistry of the di-tert-butylphosphido (¢-
Bu,P) unit. At present there are only three other d-block
transition-metal complexes containing this unit, and none
has been structurally characterized.® Apart from a few
phosphine-stabilized phosphido complexes of the nickel
triad? most phosphido complexes of the transition metals
have either #°-CsH;, CO, or NO as ancillary ligands.?

We have, therefore, initially examined the reaction of
the late first-row metal phosphine halides MCL,(PR3), (M
= Fe, Co, Ni; R = Me) with Li-t-Bu,P in order to prepare
a range of phosphido complexes with trialkylphosphines
as stabilizing ligands.

The reaction of MCl,(PMe;), (M = Fe,* Co,® Nif) with
2 molar equiv of Li-t-BuyP7 in tetrahydrofuran at —78 °C
yields [Fe(u-t-Bu,P)Cl(PMeg)], (1), Coy (u-t-BuyP),Cl-
(PMe;), (2) and [Ni(u-t-Bu,P)(PMej)], (3)% (Scheme I).

tDedicated to the memory of Rowland G. Pettit.
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