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Unexpected P-O Bond Formation in the Reaction of PPh,Cl with the Triiron Cluster

[PPh,][Fe3(CO)q(n-H)(n-CMe=CPh)]
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PPh,CI reacts with [PPh4][Fes(CO)g{u-H){(u-CMe=CPh)] at room temperature to give a new compound
[Feo(CO)g{u-PPh,OC(H)C(Me)C(Ph)}] containing the PPh,OC(H)C(Me)C(Ph) bridging ligand, the X-ray structure of

which has been determined.

The phosphido bridge (p-PR;) has been studied by many
authors over recent years.!-3 Although many complexes
containing u-PR, ligands are known, chemical trans-
formations of the phosphido bridge are scarce.*8 The PR,
ligand is easily formed by cleavage of P~C bonds in phos-
phinoalkynes (PR,C=CR) induced by metal complexes, butin
some cases after metal complexation the P atom remains
bonded to the alkynyl fragment leading to interesting re-
arrangements.®

Our group has recently studied the reactivity of the
vinyl-bridged diiron complexes [PPhy]j[Fe,(CO)s(u-CO)-
(u-CR!=CR2H)] towards different substrates.10 Its reaction
with PPh,Cl has led to complexes containing both diphenyl-
phosphido and alkenyl bridges [Fey(CO)¢(u-PPhy)-
(u-CR=CR2H)] 1.!! We have also found that compounds of
the type 1 can be formed from the reaction of [PPhy][Fe,-
(CO)6(u-CO)(u-PPhy)] with trifluoroacetic acid and alkynes.
No P-C bond formation was observed in these investigations.
Furthering our investigations to trinuclear complexes [PPh,}-
[Fe3(CO)g(u-H)(u-CR!=CR2)}12 we surprisingly found that
these clusters reacted differently towards PPh,Cl in the
presence of TIBF, (see Scheme 1). When R! = R2 = Ph, a
degradation of the cluster was observed after three days of
reaction and a complex of type 1 was obtained in 34% yield,
but when R! = Me and R2 = Ph (CH,Cl,, room temperature,
1 h) the unexpected yellow-brown compound [Fe,(CO)g{p-
PPh,OC(H)C(Me)C(Ph)}] 2 was obtained in 64% yield after

crystallisation.T The molecular structure of 2 was determined
by X-ray diffraction,} and its structure and some important
bond lengths and angles are given in Fig. 1.

The structure of 2 consists of an Fe,(CO)e unit bridged by a
PPh,OC(H)C(Me)C(Ph) group, with each iron linked to three
CO ligands. The Fe(1)-Fe(2) distance of 2.679(2) A is slightly
longer than those observed in other phosphido and alkenyl
bridged diiron complexes, probably owing to the steric
requirements of the bridging ligand.1! The Fe(1)-P(1) dis-

t The new complex 2 was characterized by elemental analyses and
spectroscopic techniques; v(CO)/cm~! (hexane) 2059s, 2015vs,
2000vs and 1965m; H NMR (CDCl;) & 7.5 (m, 15H), 6.19 (d, Jpu
26.7 Hz, 1H) and 1.64 (s, 3H); 3'P{1H} NMR & 141.9 (from H;PO4
85% as external reference).

1 Crystal data for CygH;gOgPFe,, M = 610, 12, monoclinic, space
group P2)/n, a = 9.343(6), b = 14.659(8), ¢ = 20.146(7) A, B =
102.56(3)°, U = 2693.14(3) A3, Z = 4, D. = 1.5047 g cm~3, Mo-K«
radiation (A = 0.71070 A), R = 0.059 for 2202 observed reflexions
with 7 > 20([) and 2 < 0 < 28°. Intensities were collected in the w26
scan mode using graphite monochromatized Mo-Ka« radiation (Enraf-
Nonius CAD4 diffractometer). The structure was solved by direct
methods and anisotropically refined except H atoms. The H atoms
were placed to calculated positions. Atomic coordinates, bond lengths
and angles and thermal parameters have been deposited at the
Cambridge Crystallographic Data Centre. See Notice to Authors,
Issue No. 1.
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Fig. 1 Structure of compound [Fex(CO)¢{u-PPh,OC(H)C-
{(Me)C(Ph)}] 2. Selected bond distances (A) and angles (°): Fe(1)-
Fe(2) 2.679(2), Fe(1)-P(1) 2.201(3), Fe(1)-C(9) 2.004(9), Fe(2)~C(9)
2.082(8), Fe(2)~-C(8) 2.073(9), Fe(2)-C(7) 2.058(9), C(8)-C(9)
1.4075(13), C(7)-C(8) 1.437(14), C(7)-O(7) 1.42(1), O(7)-P(1)
1.611(6); P(1)-Fe(1)-C(1) 174.3(4), Fe(2)-Fe(1)-P(1) 89.8(1),
Fe(1)-C(9)-Fe(2) 81.9(3), Fe(1)-P(1)-O(7) 110.4(3), O(7)-C(7)-
C(8) 122.1(8), C(7)-C(8)-C(9) 117.6(8).
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tance [2.201(3) A] is in the normal range of other iron—
phosphine bonds. The rest of the organic group behaves as an
n3-allyl ligand which is almost symmetrically bonded to Fe(2)
with C(7)-C(8) and C(8)-C(9) distances of 1.44(1) and 1.41(1)

respectively, whilst C(9) acts as a unsymmetrical bridge
between Fe(1) [2.004(9) A] and Fe(2) [2.082(8) A].

The most interesting feature of the structure 2 is the
unprecedented formation of an allenediyl diphenylphos-
phinite [P(Ph,)OC(H)C(Me)C(Ph)] ligand from the coupling
of a PPh; fragment with a CO ligand and an n3-C(Me)C(Ph)
group with a subsequent migration of the hydride ligand and
the loss of an Fe(CO); fragment. The formation of related
phosphido—carbon bonds has been reported previously (PPh,~
alkenyl,8 PPh,-alkyne* and PPh,~CO#) but to our knowledge
complex 2 is the first case of a PPh,—carbonyl coupling through
the oxygen atom. The formation of the P-O bond can be
explained by an electrophilic attack of the PPh,* cation on a
bonded CO followed by a coupling with the C(Me)C(Ph)
fragment and a migration of the hydride ligand. This is
another example of the versatility and the reactivity of the CO
ligands in anionic polynuclear iron complexes. We are now
investigating the possible mechanism of this reaction and
developing alternative routes to the preparation of 2.
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