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duction to Co(I) was observed, always affording the [Co-
(CNR)3P2]+ derivative.
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Summary: PtPh,PO)YPh,POH),H (1) was treated with
o-{diphenylphosphino)benzaldehyde to give a cyclic plat-
inum alkoxide (2). The latter rearranges to the new
product 3 (Scheme 1), containing 1-phenyl-3H-2,1-benz-
oxaphosphole and a pheny! group coordinated to plati-
num, via a nucleophilic attack at the coordinated phos-
phorus center by the alkoxy group, followed by a shift of
a phenyl group from phosphorus to platinum. The crystal
structure of 3 has been determined.

The insertion of aldehydes into transition-metal hy-
drides plays a role in industrial processes such as the re-
duction of aldehydes to alcohols and the conversion of
syngas to methanol or ethylene glycol.! In recent years
the proposed intermediate alkoxide and hydroxymethyl
late-transition-metal complexes have been prepared and
their reactivity has been studied.2® We have recently
reported!® on platinum phosphinito complexes that cata-
lyze the hydroformylation of alkenes. The aldehydes are
hydrogenated to alcohols in a secondary reaction, which
may involve either alkoxy or hydroxymethyl intermediates.
This communication deals with the mechanism of the
aldehyde hydrogenation reaction in a model compound
using o-(diphenylphosphino)benzaldehyde as the substrate.
The resulting complex shows an unexpected rearrangement
reaction that is related to the decomposition of aryl-
phosphines in syngas reactions with late-transition-metal
catalysts.

When Pt(Ph,PO)(Ph,POH),H (1) was treated with o-
(diphenylphosphino)benzaldehyde,!!12¢® one of the
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Ph,POH ligands was immediately replaced and the re-
sulting product showed that insertion!? of the aldehyde
into the platinum-hydride bond had occurred. 'H and 3'P
NMR spectroscopy revealed!® that the platinum alkoxide
2 had been formed. Insertion of PhyP(0-C;H,CHO) into
a metal hydride may give either an alkoxy- or an (a-
hydroxyalkyl)metal complex. Thermodynamic studies?4¢
indicate that noncyclic alkyl- and alkoxyplatinum species
have equal stabilities. In the present reaction both the
five-membered ring (with an a-hydroxyalkyl group) and
the six-membered ring (with an alkoxy group) should be
accessible since chelating phosphinoalkenes! react with
platinum hydride 1 to give products with ring sizes ranging
from three to seven. Molecular models show that the
five-membered ring may be slightly more favorable. Also,
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the benzylic carbon will add to the stability of the a-hy-
droxymethyl isomer. The observed formation of the alkoxy
species with the six-membered ring in reaction 1 (Scheme
I) is therefore presumably kinetically controlled. In
(DPPE)PtEt(OMe)? the reverse reaction, 3-hydride elim-
ination, proceeds marginally faster for the ethyl ligand than
for the methoxy ligand, but other factors may play a role
as well. Calculations indicate!® that during the insertion
of alkenes into a platinum-hydrogen bond the hydrogen
develops a more hydridic character and the alkene de-
velops a negative charge in the a-position. Considering
an aldehyde as a heteroalkene, we can rationalize the ki-
netic preference for the alkoxy formation. It has been
found!® that in a similar reaction Mn(CO)z;H and Ph,P-
(0-C¢H,CHO) afford an a-hydroxycarbyl complex: metal
hydrides that are strongly acidic or are good H-radical
donors are regarded!® to be most suited to follow this
pathway under kinetic control (e.g. Co,! Mn,!8 Rh'7).

Several platinum alkoxides have been prepared®* via
metathesis reactions, but they have never been obtained
via aldehyde insertions; they are reactive species and are
labile with respect to 3-hydrogen elimination.’® In com-
plex 2 the alkoxide is entropically stabilized by the che-
lating phosphine.

In an attempt to form the potentially thermodynami-
cally more stable a-hydroxyalkyl isomer, we heated com-
plex 2 in toluene. Instead of the expected 30-40 ppm
downfield shift for the 3'P resonance of the chelating (a-
hydroxyalkyl)phosphine, characteristic of a five-membered
ring,'® a new resonance was observed at 125.9 ppm. The
LJ(PtP) coupling constant of the phosphinito ligand trans
to the former oxygen ligand shifts from 3420 Hz (oxygen
trans influence) to the new value of 2061 Hz, in the range
typical of a phosphinito ligand trans to a carbon ligand
(1900-2300 Hz!4). The NMR data are consistent® with
the new complex 3 containing a cyclic phosphinite (or
oxaphosphole) ligand. Reaction of 3 with H, (90 °C, 20
bar) gave the expected platinum hydride 4 containing
1-phenyl-3H-2,1-benzoxaphosphole as the ligand and 1 mol
of benzene. The structure of the latter hydride 4 was
proven by an independent synthesis.2! The structure of
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Figure 1. Structure of 3 viewed almost perpendicular to the
coordination plane of platinum. Phosphorus-bound phenyl groups
are represented by their ipso carbons only, for clarity. All aryl
hydrogens are omitted.

3 was confirmed by an X-ray crystallographic analysis.??
The molecule consists of a platinum atom that is indeed
c-bonded to a phenyl group, a chelated diphenyl-
phosphinous acid/diphenylphosphinito ligand, and the
cyclic phosphinite ligand 1-phenyl-3H-2,1-benz-
oxaphosphole (see Figure 1). The coordination geometry
is nominally square planar as would be expected for Pt(Il),
but there are some significant deviations from ideal angle
values, especially where the oxaphosphole ligand is in-
volved.? Furthermore, the coordination plane is puckered
with the PtP(1)C(1) and PtP(2)P(3) planes misaligned by
a dihedral angle of 13.6°. These distortions are probably
due to steric crowding, although, in addition, the strained
oxaphosphole ring may require near-coplanarity with the
coordination plane so as to maximize 7-back-donation into
the P ¢* orbitals. The intra-ring angle O(1)-P(1)-C(13)
is well below typical acyclic values (ca. 102-104°) at 94.2
(4)°.

The rearrangement of 2 to 3 is best described as a nu-
cleophilic attack of the alkoxy group at the coordinated
phosphorus center followed by a shift of a phenyl group
from phosphorus to platinum. In this case a relatively
stable oxaphosphole is formed. Attack of a nonchelating
alkoxide would give a less stable acyclic phosphinite ester
that could easily undergo further reaction to phosphido
species under the forcing conditions applied for catalytic
hydroformylation or hydrogenation. Nucleophilic dis-
placement plays a crucial role in the decomposition of
arylphosphines in late-transition-metal catalysis. For ex-
ample, it has been proposed that acetate ions attack
palladium-coordinated triphenylphosphine with concurrent
migration of the phenyl group to palladium to give di-
phenylphosphido complexes and benzene derivatives.?32
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Transfer of an aryl group from triphenylphosphine to a
diruthenium species has been reported to take place along
with a synergic joining of an oxygen atom from a bridging
amide to the phosphorus atom.?> Also, in the fast rho-
dium-catalyzed decomposition of triphenylphosphine in
the presence of formaldehyde? we propose that the first
step involves attack of the methoxy ligands at the coor-
dinated phosphine. The rearrangement of 2 to 3 is the first
well-defined case of an alkoxy ligand assisted phospho-
rus—carbon bond cleavage in a triarylphosphine. It shows
that ortho metalation or cluster-assisted reactions are not
necessarily involved in P-C bond cleavage. The present
P-C/Pt-O metathesis may have been somewhat over-
looked as a phosphine decomposition mode of homoge-
neous catalysts:?»? it may be especially important in
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oxane (1% H,0) for 24 h. Analysis showed that 1 mmol of benzaldehyde
was formed. Phosphorus NMR spectra showed a variety of phenyl- and
diphenylphosphorus oxide complexes or, more precisely, their form-
aldehyde adducts.

syngas reactions where metal alkoxides are likely inter-
mediates.
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Summary: Reactions of (u-H)W,(CO)g(NO) and (u-H)W,-
(CO){THF),(NO) with excess RNC (R = Me, 'Bu, PhCH,)
afford the yellow complexes (u-H)W,(CO),(RNC),(NO) and
reddish isomers, respectively; X-ray structural studies on
(u-H)W,(CO),(THF),(NO) and an isomeric pair of (u-
H)W,(CO),(MeNC),(NO) complexes are described. The
reddish isomers of the type (u-H)W,(CO),(MeNC),(NO)
exhibit bent, eclipsed conformations.

Transition-metal complexes with bridging hydride lig-
ands have attracted considerable interest in the past.! It
is believed that a linear M—H-M geometry is inherently
less stable than a bent geometry since the latter permits
a smaller M-M distance with a stronger 3c—-2e bonding
interaction.? A recent report suggested that the M—-H-M
bond can in fact be described as flexible in the case of
carbonyl dimers with single hydrogen bridges.> To date

tChia-Nan Junior College of Pharmacy.

$Chung-Yuan Christian University and Academia Sinica.
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only two complexes, HCr,(CO),,” and HW,(CO),o", have
been found to have both carbonyl-staggered and carbon-
yl-eclipsed geometries,>* however. We now report that
both staggered and eclipsed conformations also exist in the
isocyanide derivatives of HW,(CO)o(NO),5 HW,(CO),-
(RNC)o(NO). Earlier we® characterized several phos-
phine-substituted derivatives of HW,(CO)o(NO), all of
which possess a bent W-H-W linkage with the equatorial
groups staggered and the nitrosyl ligand occupying the
axial position on the phosphine-substituted tungsten,
similar to the case for HW,(CO)s(P(OMe)3)(NO).”
Reaction of HW,(CO),(NO) with excess RNC (R = Me,
*Bu, PhCH,) in CH,Cl, at 25 °C for 3 h affords, after
subsequent workup, the yellow complexes (u-H)Wg-
(C0O);(RNC),(NO) in 33, 36, and 6% yields for R = ‘Bu
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