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As part of our study on the mechanism of asymmetric
hydroesterification catalyzed by Pd complexes of chiral diphos-
phines, here we report on the synthesis and identification of the
cationic square-planar cis-methyl(carbonyl)palladium diphos-
phine complex, [Pd(Me)(CO){(S,S)-BDPP}]BF, (3)((S,S)-
BDPP = (2S§,45)-2,4-bis(diphenylphosphino)pentane), which
represents the first square-planar cis-alkyl(carbonyl)~transition-
metal complex containing a chelating diphosphine and is the single
observable intermediate in the formation of the appropriate CO
inserted acyl complex.

Insertion of CO into a transition-metal—carbon ¢-bond is an
elementary step in the most important homogeneous catalytic
processes utilizing CO, such as the oxo synthesis, acetic acid
synthesis, olefin hydrocarboxylation, and olefin copolymerization.!
It has been shown by extensive mechanistic studies that the CO
insertion should proceed through intermediates in which the
coordinated carbonyl and organic groups are situated in cis
positions, in order that the organic groups can subsequently
migrate to the coordinated carbonyl groups.2 The 1,2-migration
of an alkyl (or aryl group), and hence the CO insertion, can be
facilitated by easing the dissociation of the alkyl group by the
introduction of a phosphine ligand in a position trans to the alkyl
group.2e¢ Cis-alkyl or -aryl transition-metal carbonyls as direct
intermediates in CO insertion are known in various six-,2b3 five-,4
and four-coordinate?s!5 complexes containing monodentate phos-
phines. A stable octahedral df cis-methylFe(II)—carbonyl phos-
phine complex has also been described.5 However, some of the
catalytic processes with CO, such as asymmetric hydroformy-
lation” and olefin copolymerization,? prefer the use of d8 transition-
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metal compounds containing chelating bidentate ligands as
catalysts. To our knowledge, a transition metal compound in
which a cis-chelating diphosphine is planar with a coordinated
alkyl or aryl and a carbonyl group where the alkyl or aryl group
is not part of the ligand has never been synthesized nor
spectroscopically characterized. Probably in most cases the
elusiveness of such complexes is due to the facile migratory CO
insertion taking place, as has been proposed in many in-
stances,»2¢7-9 to give acyl complexes. Recently, several cationic
cis-methyl(carbonyl)platinum and -palladium complexes with
P-N bidentate ligands have been detected by low-temperature
IR and NMR spectroscopy in this laboratory.1® However, the
latter compounds possess coordinated nitrogen instead of phos-
phorus atoms in position ¢rans to the methyl groups. Thus, as
argued, these compounds may not necessarily be direct inter-
mediates for CO insertion, which might also be reflected in their
relative stability.1? On the other hand, reactive yet unusually
stableacyl- and alkylpalladium(II) compounds have been obtained
by employing rigid bidentate nitrogen ligands.!!

As shown in Scheme I, solvated cationic methyl complexes 2,
containing the chiral chelating diphosphine (25,4S)-2,4-bis-
(diphenylphosphino)pentane ((S,S)-BDPP),!2 can be readily
formed by the reaction of Pd(Me)(C1){(:S,S)-BDPP},!3 (1) with
AgBF, in solvent compositions containing water or MeOH . The
coordination of water or MeOH in compounds 2 is inferred from
the a significant high-frequency shift in the phosphorus signals
of 2 as compared to those of 1,14 which is due to the weaker
trans-influence of the coordinated solvent than that of Pd-Cl.15
Compound 2 is not formed by using dry CH,Cl, and AgBF,; thus
for its stability, the presence of a solvent such as water or MeOH
is essential.

When the in situ formed Pd(Me)(S){(S,S)-BDPP} (2) was
carbonylated with 13CO in a high-pressure NMR tube!6 at 3 bar
and 183 K,!7 3P NMR revealed the formation of one unique
species which is not an acetyl complex. Since the lifetime of the
species wasabout8 hat 183 K and 100 minat 193 K, respectively,
13C NMR could also be utilized for identification. By itschemical
shift values and 2Jp¢ coupling constants in 3P and 13C NMR
spectra the species has been unambiguously identified as the
square-planar carbonyl compound 3.3 Concomitant with the
decomposition of compound 3, another compound was formed
that again by its chemical shift and 2/p ¢ values in 3!P and 13C
NMR spectra and by its IR spectrum has been identified as
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J. Am. Chem. Soc., Vol. 115, No. 22, 1993 10389

P, Me P, Me P+ Me
N/ CD,Claf MEOH of Hy0 N+ +C0, -90 °C ANV% ;

Pd + AgBF, % Pd BF, —— —— Pd BF4 3
7N\ 20°C o \s 0.~ 90 °C o \co

P Cl

N/

Cl

P Me CD,ClyMeOH
N' s -
Pd BF, + NaOMe —><&——»
/ N\
P co .90 °C

[Pd(COMe){CO){(S,S)-BDPP}IBF,, (7).1% A solvated acetyl
compound (5) as a product of CO insertion in compound 3 could
not be detected; thus apparently the coordination of CO to the
assumed three-coordinate intermediate of COinsertion, 6, is more
facile than that of the solvent (Scheme I). The formation of the
methyl(carbonyl) complex 3 is remarkably accelerated, while
the rate of its transformation to the acetylcarbonyl complex 7
(COinsertion followed by the coordination of another CO ligand)
is not influenced by increasing the CO pressure from atmospheric
to 10 bar, as judged by high-pressure NMR studies at 183 K.
This is more consistent with the mechanism shown in Scheme I
than with oneinvolving a five-coordinate intermediate. Analogous
mechanisms with monodentate ligands, both through three- and
five-coordinate intermediates, are well known in the literature.*

The formation of both compounds 3 and 7 is completely
reversible at room temperature, as judged by the fact that the
reaction of Pd(COMe)(C1){(S,S)-BDPP,? (4) with AgBF, in
the absence of added CO yields compound 2 and 7 in about 1:1
ratio. Analogous decarbonylation upon the reaction of covalent
acyl complexes with silver salts has been previously noted.? In
the presence of CO, a similar reaction of covalent acyl compound
4 yields the cationic acyl(carbonyl) compound 7 nearly quan-
titatively,which decarbonylates to compound 2 by venting CO
out from the solution.The carbonyl group of compound 7 and
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probably that of compound 3 exchange with free CO immea-
surably fast at 183 K, as determined by the incorporation rates
of 12COinto the carbonyl groups when 13CO pressure was replaced
by that of 2CO. In contrast to this, the acetyl 13CO-carbonyl
group of 7 does not incorporate free 12CO up to =50 °C, where
the terminal carbonyl group of 7 shows fast exchange with free
CO on the NMR time scale as well.

Several experiments were carried out to investigate whether
the methyl(carbonyl) complex 3 is also an intermediate in the
formation of the methyl(methoxycarbonyl) compound, Pd(Me)-
(COOMe){(S,S)-BDPP}, 13 (8). However, the latter compound
could not be formed by the addition of NaOMe solutions to those
of 3at 183 K.2! Instead, the immediate formation of compound
7and MeCOOMe was observed. Theester cannot be the product
of a reductive elimination from compound 8, as the latter has
been found to be stable at this temperature.!? Thus, it seems
that, contrary to what has been previously suggested,!? compound
3 is not an intermediate in the insertion of CO into a Pd-OMe
bond. In contrast to that shown above for a Pd~Me bond of an
ionic compound, CO insertion into a Pd-OMe bond probably
follows the associative pathway as observed for analogous Pt
complexes.22

Concluding, this work has revealed the existence and inter-
mediacy of cis-Pd(Me)(CO)(P-P) complexes, which were thus
far elusive compounds on the route toward Pd-acyl complexes
containing chelating diphosphines.
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