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The chemistry of transition metal complexes having the versatile Scheme 12
phosphinidene (PR) ligand is an active research area of interest to
both organic and inorganic chemists. This is particularly the case @ @
for terminal bent complexes, in which the metal-P bond has OCu'yMO{\P/R* T OC\\VMO{\P/R«
considerable multiple character and exhibits carbene-like reactivity. & | & |
RO &* 2 HBV F
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As a result, these complexes are useful synthetic reagents in
organophosphorus and cluster chemisfrin contrast, the chemical
behavior of the phosphinidene oxide-lR=0) complexes remains

2a-c

virtually unexplored to date. c ,MOQ -

. .. . (o 12N .
. Uncoordinated phosphinidene oxides are unstable molecyles @ SnCIPh, C/ IFi & @
isolobally related to carbentand are thought to be generated in | 01 3 | 0
reactions such as the thermal or photochemical decomposition of Phasn/}\"{’\\P/R* ocu"}""°\é _R*
phospholene, phosphirane or phophanorbornadiene oxides, and & g (I)I ZrCl,Cp, & |
others? These transient species undergo processes such as addition 4ab R
to dienes and diones or insertion inte-8 and S-S bonds and &
are therefore interesting synthons for new organophosphorus
derivatives’? As for the coordinated RP=0 ligand, we must Mo R*

; OC‘/ X,

remark that only a few complexes have been reported. These display & Fl’
terminal @),52P u-P,O-bridging B),%¢ u,-P-bridging C),5%¢ or o s O~zcicp,

us-P,0-bridging D)% coordination modes (Chart 1), but their
reactivity has not been explored. Interestingly, we note that terminal
R—P=0 complexes have been proposed as intermediates in the
formation of dioxaphospholanés.

Following our studies on the synthesis and reactivity of phos-
phinidene-bridged complexésywe accidentally discovered the
formation of [MoCHP(O)R%(CO)]~ (1) (R* = 2,4,6-GH,'Bus;

Cp= 1°-CsHs), the first anionic phosphinidene oxide complex
reported to date. More importantly, this anion is nucleophilic enough
to react with a wide variety of electrophiles at room temperature.
Herein We_ report our initial results_on the react|V|tyl?fv_vh|ch 1S . Figure 1. Molecular structure of the anidh(left) and compoun@c (right).
also the first report on the chemistry of a phosphinidene oxide wmethyl groups are omitted for clarity.

complex. As will be shown, complekexhibits a unique reactivity,

with three different nucleophilic sites (at O, P, and Mo), which C¢hart1

aHBF,, [Me30]BF,4 or PhC(O)CI for R*. Mel or GHsBr for R;*.

leads to new compounds that have not yet been prepared otherwise R R o R RO O
N\ P\
(Scheme 1). y— m==p{ Ny / \/'V'
Complex1 [as the (H-DBUJ saltf is cleanly formed by the \\O \O—M M/ \M M<M/

controlled action of air on (H-DBU)[MgCp,(u-PHR*)(CO)], a

salt prepared in turn from [M€&€p,(u-H)(u-PHR*)(CO)]’@ and
DBU (1,8-diazabicyclo[5.4.0Jundec-7-ene). No other P- or CO-
containing product was formed in significant amounts, and the fate
of the lost MoCpH(CO) moiety has not been yet determined. The
anion 1 displays a terminally bound phosphinidene oxide ligand
lying in the plane bisecting the MoCp(COnoiety; the terminal
oxygen atom is involved in a hydrogen bond with the (H-DBU)
cation and is placed anti with respect to the cyclopentadienyl ligand
(Figure 1)? The P-Mo [2.239(1) A] and P-O [1.514(3) A] bond
lengths are short and comparable to the corresponding values in
the two reported neutral compounds with terminat-R=0
ligands®2P This supports the formulation of double M® and

A B Cc D

P=0 bonds for the P(O)R* ligand ifh. Besides, the low frequencies
of the C—O stretching bands of are indicative of substantial
delocalization of the negative charge all over the complex, in
agreement with the nucleophilic behavior discussed next.

Anion 1is protonated by HBFOEL, at the oxygen atom, which
is consistent with the H-O interaction present in the crystal. The
resulting hydroxophosphide complex [Mof@(OH)R* (CO),] (2a)
is easily deprotonated upon manipulation. A similar reaction occurs
betweenl and carbon-based electrophiles such ass;MBF, or
PhC(O)CI to give related alkoxyphosphide compounds [MoCp-
{P(OR)R#%(CO),] (R = Me, 2b; C(O)Ph,2¢).1° An X-ray study
t Universidad de Oviedo. on 2c revealed that the phosphide ligand retains the geometry of
* University of Bristol. the parent phosphinidene oxide group (Figure'!1The most
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Figure 2. Molecular structure of compoun@gleft) and4b (right). Methyl
groups are omitted for clarity.

relevant changes are a substantial increase in th® Bistance
[1.671(3) A, a value typical of single-PO bonds], and a slight
decrease in the MeP distance [2.196(1) A]. These structural
features are similar to those found for [MOGCH(SiMe),} (OEY)-
(CO),, a related complex prepared by reaction of EtOH on a
phosphavinylidene precursbt.

The hydroxoderivativRa can be further protonated with HBF
OEt, to give the fluorophosphide complex [MoCp(PFR*)(GD)
(3), after elimination of water and fluoride abstraction from the
BF,~ anion!3 The structure of this molecule is similar to that of
the alkoxyphosphid@c, displaying a quite short MeP distance
[2.2037(12) A] (Figure 234 Compound3 appears to be the first
complex reported with a trigonal fluorophosphide (PFR) ligand,
although a few related chlorophosphide complexes are kiddwn.

Carbon-based electrophiles can alternatively attack the P site in
1. This is the dominant reaction pathway when using milder
electrophiles such as Mel or8sBr, which then give the respective
phosphinite derivatives [MoCp{-OPRR*)(CO}] (R = Me, 4&
C3Hs, 4b).16 These are the first complexes reported to hateGy

bound phosphinite ligand. Separate experiments showed that the

isomeric methyl derivative®b and4adid not interconvert even in
refluxing toluene. This proves that compourtland4 arise from
independent reaction pathways. An X-ray studydbrrevealed an
unusual environment in the phosphinite ligand, with the P(3), C(3),
and C(31) atoms almost placed in a plane and close to that one
bisecting the MoCp(CQ@)moiety, and the O(3) atom also bonded
to molybdenum (Figure 2. This results in a strained MoPO ring
with internuclear separations suggesting single (NI or inter-
mediate (between single and double) bonds {NPoand P-O).
Similar structural effects have been reported for related thiophos-
phinite complexes?

Anion 1 also displays dual behavior when reacting with metal-
based electrophiles, as illustrated through the reactions with{ZrCl
Cp;] and SnCIPR The zirconium fragment binds to the O atom
giving theP,O-bridged [MoCH P(OZrCICp)R*}(CO),] (5).1° The
tin fragment, however, binds to the Mo atom to give [M¢@f0)-

R*} (CO)(SnPh)] (6), which displays a terminal P(O)R* ligand
and trans-dicarbonyl geometry® The formation of5 provides a
new route to heterometallic complexes bridged by the phosphinidene
oxide ligand, of which only one compound has been reported so
far5c In addition, the formation o6 indicates thatl has a third
nucleophilic position located at the metal atom, and this allows
the preparation of new neutral complexes with terminalFR=0O
groups. Because of the multiple nature of the-Mdbond in these
species, it is expected that they can display some carbene-like
reactivity. Currently we are exploring this possibility and extending
the electrophiles under study to unravel the factors governing the
complex nucleophilicity of anior.

The present work is the first study on the reactivity of a
coordinated phosphinidene oxide ligand. The anibrhas a
terminally bound R-P=0 ligand and displays unique acid/base
properties, with three different nucleophilic sites located at the O,
P, and Mo atoms. The binding of different electrophiles to these

sites allows the rational synthesis of novel and unusual derivatives
that cannot be prepared otherwise.
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