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Summary: Ketenylidenetriphenylphosphorane, Ph3Pd
CdCdO, reacts with Pt(II) and Pd(II) η3-allyl complexes
(allyl ) C3H5, 2-MeC3H4) to give neutral or cationic
mononuclear η1-ketenyl derivatives [M(η3-allyl){(η1-
C(PPh3)(CO)}L]m+ (L ) Cl, m ) 0; L ) PPh3, m ) 1)
that have been characterized by elemental analysis, IR,
and multinuclear NMR. The X-ray molecular structure
determination performed on a single crystal of the air-
stable derivative [Pt(η3-C3H5){η1-C(PPh3)(CO)}(PPh3)]-
BF4 furnishes the first crystallographic evidence of an
η1-ketenyl derivative in which the ketene moiety is also
involved in an ylide grouping.

Ketenes, a (Chart 1), are known from the beginning
of the century,1 and their organic chemistry is well-
known and reviewed.2 In the last years even the
organometallic chemistry of ketenes has been more
intensively studied,3 since metal-ketene derivatives
were reported to be involved in important catalytic and
stoichiometric processes.4 The first platinum-ketene
derivative has been obtained by substitution of ethylene
in [Pt(PPh3)2(C2H4)] with diphenylketene,5 and nowa-
days a large number of ketene and η2-ketenyl deriva-
tives are known.3a Despite their potentiality as useful
synthetic reagents η1-ketenyl derivatives, b, in which
a metal center is one of the ketene substituents, are
less studied. They are typically obtained by ligand-
induced CO migration to a carbyne ligand.6 Other
syntheses involve the coordination of carbon suboxide,
OdCdCdCdO, on Pt and Ni7 with formation of η1-
ketenyl, η 2-(C,C)-ketene derivatives, c, or the insertion

of carbon suboxide in transition metal-hydride bonds8
giving η1-ketenyl formyl derivatives, d. Peculiar η1-
ketenyl derivatives, in which the second substituent of
the ketene moiety is SiMe3, have been obtained by
reaction of Me3PdCHSiMe3 with [FeCp(CO)2]I followed
by rearrangements9 and, more recently, by Wolff rear-
rangement of a Rh diazolkane complex.10 Moreover it
has been reported that ketenylidenetriphenylphospho-
rane, Ph3PdCdCdO, 1,11 substitutes CO or MeCN from
some early or medium transition metal complexes giving
η1-ketenyl derivatives, e.12

Continuing our interest in metal-ketene deriva-
tives3b,7a,b,8b,c and in the reactivity of Ph3PdCdCdO,13
we started a systematic research on the use of 1 as a
synthon for new ketenyl complexes of late transition
metals. Actually the relevant negative charge on the â
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carbon atom of Ph3PdCdCdO14 makes possible, in
principle, a nucleophilic attack of this carbon to an
electron-deficient metal center.
Cationic η1-ketenyl derivatives [M(η3-2-R-C3H4){η1-

C(PPh3)(CO)}(PPh3)]+ (M ) Pt, R ) H, 2a;15 M ) Pd, R
) Me, 2b16) have been obtained by treating the corre-
sponding solvate complexes17 with 1 equiv of 1 at room
temperature for 2a and at -30 °C for 2b, according to
eq 1. Pd(II) η3-allyl dimers [Pd(η3-2-R-C3H4)Cl]2 (R )

H, Me) have been reacted with 1 to give the neutral
compounds [Pd(η3-2-R-C3H4){η1-C(PPh3)(CO)}Cl]18 (R )
H, 2c; R ) Me, 2d) (eq 2). The reaction of 1 with [Pt-
(C3H5)Cl]4 gave [Pt(η3-C3H5){(η1-C(PPh3)(CO)}Cl], 2e,19
in very low yield.
The IR spectra of compounds 2a-e clearly indicate

the presence of the η1-ketenyl moiety,3a showing an
intense absorption in the region 2060-2080 cm-1. The
1H NMR spectra point out the maintenance of the η3-
allylic moiety in the coordination sphere of the metal.20
Besides the signals due to coordinated PPh3 (2a,b) 31P

NMR spectra show signals at 22-25 ppm, a zone far
from that of free Ph3PdCdCdO,21 attributable to the
phosphonium group. The 13C{1H} NMR spectrum re-
corded for the most stable compound 2a shows, together
with the typical signals of the allyl moiety,22 the
carbonylic carbon as a doublet at 156.73 ppm (2JCP )
18.9 Hz), in the range observed for other η1-ketenyl
derivatives.3a,7c A doublet at 9.26 ppm (1JCP ) 59.0 Hz),
with 195Pt satellites covered by instrumental noise, is
assigned to the ylidic carbon; the high-field shift and
the decrease of 1JCP with respect to free Ph3PdCdCdO21

are in agreement with the reduction of the charge
density on the C-P bond by coordination to the metal.
For compound 2a it was possible to obtain pale-yellow

crystals, suitable for a X-ray structure determination,23
by slow evaporation of a CH2Cl2/toluene solution. The
structure of 2a is shown in Figure 1 with the atom
labeling (the counterion BF4- is omitted). The coordi-
nation about Pt is consistent with a slightly distorted
square planar geometry assuming the allyl group as a
bidentate ligand bonded to the metal through C(37) and
C(39). The allyl group exhibits a structural disorder
deriving from down- or upward orientation of the carbon
atom C(38) with respect to the coordination plane of Pt.
Only a few structures of η1-ketenyls have been

reported,8c,24,25 but this is a quite new example in which
the CdCdO moiety is bonded to Pt and is involved also
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in a potential ylide grouping in the same molecule. Yet,
the question arises whether this structure deals with
an ylidic or a mere ketene nature of the complex cation.
The bond length P(1)-C(40) (1.75(1) Å) is almost in

the norm for an ylide and has been shown to indicate a
substantial double-bond character26 arising from the
dipolar contribution of the form Pδ+-Cδ-; thereby the
bond lengths C(40)-C(41), (1.280(8) Å) and C(41)-O
(1.160(8) Å) seem to be influenced as to exhibit a partial
triple-bond character. Actually these values are in the
range of those reported in literature for some η1-ketenyl
complexes8c,25 and other similar compounds27 and have
been tentatively explained in terms of mesomeric effects
involving nonpolar, acylium, and dipolar forms.3a How-
ever, for an ylidic character, in terms of mesomeric
effects, we would expect in the presence of the observed
P-C(40)-C(41) bond angle (118(1)°) a longer distance
C(40)-C(41);27 in contrast, it is here even shorter than
the values so far reported (1.31-1.33 Å).3a,25,28

On the other side, the geometrical parameters in the
coordination sphere of Pt are almost in the norm, thus
we believe that the Pt-C(40) bond electrons do not take
part to any mesomeric state of the cation. In this case
a somewhat measurable shortening of the bond Pt-
C(40) was expected. Rather, the metal center seems to
influence through inductive effects the charge distribu-
tion in the ketenyl grouping in cooperation with the
ylide moiety, so provoking an increased polarization of

the bond C(40)-C(41) and its shortening up to 1.28 Å.
The bond angle CdCdO (175(1)°) is in agreement with
this suggestion. Therefore the geometry of the ketenyl
grouping can be more reasonably depicted with the
dipolar form A; the coordination to the metal seems
scarcely to change its geometry as compared with that
of the free ylide Ph3PdCdCdO.29

Preliminary assays on stability and reactivity of η1-
ketenyl compounds 2a-e indicate that the Pt(II)- and
Pd(II)-coordinated CCO moiety presents a reactivity
that resembles that of ketenes. Compound 2a is very
stable in the solid and in solution and reacts with Me2-
NH giving the amidic derivative 3 (eq 3) but is com-

pletely unreactive toward alcohols and water. Com-
pound 3 is obtained as a mixture (ca. 1:1) of two
diastereomeric forms, due to the contemporary presence
of the coordinated prochiral allyl group and the asym-
metric carbon atom Pt-CH(PPh3)(CONMe2). Com-
pound 2b is much more reactive than 2a and reacts even
in the solid state with moisture undergoing further
decomposition giving unidentified compound(s) through
elimination of CO2 well detected by IR. Other typical
ketene reactions, i.e. cycloadditions, on 2a,b and the
reactivity of 2c,d,e are at the present under study.
The synthesis of compounds 2a-e shows that the use

of Ph3PdCdCdO furnishes a possible easy entry to new
late transition metal ketenyl complexes. The extension
of the reaction to different Pd, Pt, and Rh substrates
offers a new platform for further developments.
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Figure 1. ORTEP view of the cation [Pt(η3-C3H5){η1-
C(PPh3)(CO)}(PPh3)] (thermal ellipsoids at 30% probability
level) with atom labeling. Dotted bonds refer to the
disordered location of the allylic central carbon atom.
Selected bond lengths (Å) and angles (deg) of relevant
interest are reported: Pt-P(2) 2.278(1), Pt-C(40) 2.120-
(7), Pt-C(37) 2.188(2), Pt-C(38) 2.138(2), Pt-C(38′) 2.256-
(5), Pt-C(39) 2.230(2), P(1)-C(40) 1.75(1), P(1)-C(1) 1.798-
(7), P(1)-C(7) 1.786(9), P(1)-C(13) 1.796(7), C(40)-C(41)
1.280(8), C(41)-O 1.160(8); P(2)-Pt-C(40) 98.9(4), P(2)-
Pt-C(37) 96.8(2), C(40)-Pt-C(39) 95.4(4), C(37)-Pt-C(39)
68.7(2), C(40)-C(41)-O 175(1), Pt-C(40)-C(41) 118(1),
Pt-C(40)-P(1) 124.0(7), P(1)-C(40)-C(41) 118(1). (3)

3252 Organometallics, Vol. 15, No. 15, 1996 Communications

+ +

D
ow

nl
oa

de
d 

by
 C

A
R

L
I 

C
O

N
SO

R
T

IU
M

 o
n 

Ju
ne

 3
0,

 2
00

9
Pu

bl
is

he
d 

on
 J

ul
y 

23
, 1

99
6 

on
 h

ttp
://

pu
bs

.a
cs

.o
rg

 | 
do

i: 
10

.1
02

1/
om

96
02

66
8


