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Synthesis, Solid-State Structure, and Electronic Nature of a Phosphinine-

Stabilized triangulo Palladium Cluster
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Abstract: The reaction of Pd(OAc), with an excess of 2,4,6-triphenylphosphinine
results in the formation of a red dimeric Pd’ complex of unknown structure.

Treatment of this complex with PEt; affords a novel green triangulo Pd; cluster that is
stabilized by three phosphinine and three PEt; ligands. An X-ray structural analysis
shows that the phosphinine ligands serve as bridges between two Pd atoms. Quantum-
mechanical calculations of a model compound reproduce the experimental geometry
of the real complex adequately and also illuminate the bonding properties.
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Specifically, the interaction energy between each phosphinine ligand and the Pd,
core amounts to 42.2 kcalmol~! and involves both ¢ and m orbitals.

Introduction

Many different types of structurally well-defined transition
metal clusters have been described in the literature,!l!! includ-
ing a number of homonuclear triangulo metal complexes.
Such compounds can occur in the anionic, cationic, or neutral
form, depending upon the nature of the metal, the oxidation
state, and the type of stabilizing ligand. Generally, the
electronic nature and bonding properties of metal clusters
are fairly well understood,! 2l although ambiguities arise from
time to time.

Carbon monoxide and phosphanes such as PPh; are the
most common stabilizing ligands in metal cluster chemis-
try.l 2 In the case of palladium, examples of triangulo clusters
include [Pd;(CO);(PPh;);],B! [Pds(CO);(PPh;),],B! and [Pd;-
(CN-c-C¢H,;)¢] .1 Other types of commonly occurring struc-
tural motifs in clusters include main group elements, for
example, Cl, S, or PPh,, which serve as bridges between two
metal centers. Examples from Pd chemistry are the trinuclear
complexes  [Pd;Cl(PPh,),(PPh;),][BF,],’!  [Pd;Cl(PPh,),-
(PPhy);]CLI [Pdy(ur-SPh)(14,-PCy,),(PCy, H),(SPh) ]! [Pd;-
(PPh,),(PR,):|[BF,]"! [Pd;CI(PPh,),(PEL,):][BF,”) [Pd-
(PBu,)5(CO),C1],1  [Pd;(PEt;)3(NPh),(NHPh)]CL!M!  and
[Pd;(SO,),(CN—1Bu)s] - 2C¢Hy,l'! all of which contain a
triangular Pd; core.
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In addition to phosphanes (PR;) and complexes containing
PR, phosphido bridges, other types of phosphorus compounds
such as phosphites, phosphonites, and phosphinites are also
known in the general area of transition metal coordination
chemistry. Phosphorus-containing heterocycles such as phos-
phinines (formerly called A3-phosphorines or phosphaben-
zenes) are also capable of forming complexes with transition
metal complexes;[¥ a (o) or a °(st) coordination mode is
the most common.® 4 Early examples are the chromium
complexes 2 and 3, respectively.['”) In addition, other types of
coordination have been reported.['d]

Ph
Cr(CO)g Z |
Ph Ph \e Ph
& ] Cr(CO)s
N 2
Ph” "P” “Ph
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A G/Cr(CO)g
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Phosphinines are known to have significant aromatic
character; the lowest unoccupied molecular orbital (;t*) of
the parent compound PCsHj; has a relatively high localization
at phosphorus that suggests a high m-acceptor capacity.!'* 14l
The in-plane lone electron pair corresponds to the third
highest occupied level at about —10.0 eV, which can be
compared with —10.6eV known for PH;. This implies
pronounced o-donor properties.

In the present paper we describe the serendipitous discov-
ery of a novel triangulo Pd; cluster in which the phosphinine 1
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participates in a purely bridging manner. Detailed quantum-
mechanical calculations are included; these illuminate the
bonding properties of the complex and the source of
stabilization of the Pd; core.

Results and Discussion

Synthesis and structure determination: The original goal of
our research was the synthesis of a 14-electron Pd® complex 5§
in which two molecules of the bulky phosphinine 1 serve as
the stabilizing ligands.'”l It was envisaged that compound 1,

Ph Ph
“
7 Pd(OAc), (] + Pd°
>
Ph” “P” "Ph Ph™ _PC_'Ph
AcO OAc
1 4
Ph  Ph
Pd®  + 1 ————»Ph@P—Pd—PQPh
Ph  PH

5

being a well-known reductant in the case of such metal salts as
Hg(OAc),,[* could reduce Pd(OAc), to the zero valent state
and that excess phosphinine would then stabilize palladium in
the form of the sterically hindered bis-adduct 5 (or possibly
the 3:1 adduct).

In an initial experiment Pd(OAc), was suspended in
toluene and treated with a toluene solution of 1 at —78°C.
The color of the solution changed from light orange to deep
red within two hours. After 10 h the mixture was warmed to
room temperature, and the solvent was removed to provide a
red solid, which still contained a small amount of starting
material 1 in addition to at least two other phosphorus-
containing compounds. Since recrystallization was unsuccess-
ful, the solid residue was redissolved in toluene and chroma-
tographed over ALOj;, providing about 60% of a red Pd’
complex of unknown structure.

The elemental analysis of the red compound indicates the
presence of a 2:1 complex PdL, (L =1); this is in accord with
complex 5. However, the 3'P NMR spectrum displays two

Abstract in German: Die Reaktion von Pd(OAc), mit 2,4,6-
Triphenylphosphinin im Uberschuf3 fiihrt zur Bildung eines
roten, dimeren Pd’-Komplexes unbekannter Struktur. Behan-
delt man diesen Komplex mit PEt;, so entsteht ein neuartiger,
griiner triangulo-Pds-Cluster, der durch drei Phosphinin- und
drei PEt;-Liganden stabilisiert ist. Eine Rontgenstrukturana-
lyse zeigt, daf; die Phosphinin-Liganden als Briicken zwischen
je zwei Pd-Atomen dienen. Quantenmechanische Rechnungen
an einer Modellverbindung reproduzieren die experimentelle
ermittelte Struktur des realen Komplexes recht gut und er-
moglichen Aussagen iiber die Bindungsverhdaltnisse. So betrigt
die Energie der Wechselwirkung zwischen jedem Phosphinin-
Liganden und dem Pd;-Kern 42.2 kcalmol™, wobei sowohl
o- als auch 7-Orbitale beteiligt sind.

2102

© WILEY-VCH Verlag GmbH, D-69451 Weinheim, 1999

signals (triplets at 6 =179.8 and 165.5), which clearly shows
that the correct structure cannot be as shown. Moreover, the
'H and 3C NMR spectra are rather complex and are also not
in accord with the originally anticipated structure 5. The
speculation that perhaps a dimer is involved was corroborated
by mass spectrometry with electro-spray ionization. Thus, the
appearance of the protonated mole peak [M —H]* at 1509
speaks for a dimeric form. Unfortunately, it was not possible
to obtain crystals suitable for an X-ray structural analysis, so
that the actual structure of the dimer remains unclear.!'¥!

In hope of obtaining a mono-nuclear complex that might be
easier to analyze, the red dimeric complex was treated with
triethylphosphane. A dark green powder was isolated in
almost quantitative yield. The elemental analysis of the green
compound is in the line with Pd(1)(PEt;) or with an
oligomeric species. The *P NMR spectrum displays two

PEt;

[Pd(1)1, [PA(1XPEts)],

6

signals at 0 =194.6 and 6 =8.3, which correspond to the
phosphorus in the complexed forms of the phosphinine 1 and
PEt;, respectively. However, these and other spectroscopic
data did not allow for an unambiguous structural assignment.
Fortunately, recrystallization afforded green crystals which
turned out to be suitable for an X-ray structural analysis. The
results reveal that the compound is a triangulo palladium
cluster (6; n=3), the Pd; core being stabilized by two
different ligands, namely 1 and PEt; (Figure 1). The Pd—Pd
bond lengths of 2.819—-2.858 A are in the expected range for
triangulo palladium cluster, but shorter than those observed in
the phosphidobridged tris(u,-di-tert-butylphosphido-P,P)di-
carbonylchloro-tripalladium [average, 2.97(3) A].l¥) Remark-

Figure 1. Crystal structure of the tris(u,-2,4,6-triphenylphosphinine)-trian-
gulo-Pd complex 6 (H atoms and pentane solvent of crystallization
removed for clarity; disordered atoms dashed). Selected distances [A]
and angles [°]: Pd1-Pd2 2.8412(5), Pd1-Pd3 2.8581(5), Pd2-Pd3 2.8188(5),
Pd1-P1 2.341(1), Pd1-P4 2.331(1), Pd1-P6 2.329(1), Pd2-P2 2.326(1), Pd2-
P4 2.336(1), Pd2-PS5 2.342(1), Pd3-P3 2.334(1), Pd3-P5 2.327(1), Pd3-P6
2.329(1), Pd1-P4-Pd2 75.02(4), Pd1-P6-Pd3 75.71(4), Pd2-P5-Pd3 74.29(4).
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ably, each phosphinine 1 forms a bridge between two
palladium atoms. Such structural features have not been
observed previously for Pd; clusters nor, as far as we are
aware, for a freely coordinated phosphinine ligand.[*®]

Quantum-mechanical calculations: In view of the novel
structural features of compound 6 (n=3), it was of interest
to study the electronic nature of the complex. Accordingly,
quantum-mechanical calculations were performed on a model
compound 7 in which ligand 1 was replaced by the parent
phosphinine PCsHs and PEt; was replaced by PH;. Phosphi-
nines themselves, and in some cases metal complexes thereof,
have been the subjects of previous theoretical studies.'> 4 A
recent example is the ab initio calculations of the homoleptic
tris-(2,2"-biphosphinine) complex of tungsten with six #!(o)
bonds.?! Theoretical calculations have also been reported for
the Pd; core,?'2 but not yet for ligand-stabilized triangulo
Pd; clusters.

Technical details of quantum-chemical calculations: Geometry
optimizations and single-point energy computations were
performed using the Gaussian 94 suite of programs.?*l The
Hartree — Fock/density-functional-theory ~ hybrid  model
B3LYP was applied in combination with the 6-311G(d,p)
basis set for phosphorus, carbon, and hydrogen atoms. The 28
chemically inert core electrons of the palladium atoms were
replaced by a relativistic pseudopotential, and the valence
electrons were described by a [6s5p3d] basis set of valence
triple-zeta quality.” Population analyses and calculations of
Wiberg bond indices® were performed with the NBO
packagel?”) as implemented in Gaussian 94. Minor modifica-
tions of the Gaussian 94 source code (link 607) were necessary
in order to allow for a treatment of more than 500 basis
functions by the NBO routines. The analysis of the electron
topology according to Bader made use of the program
Morphy.P*!

Optimized geometry: In our model (7) for the experimentally
studied species 6 (n=3) we optimized the geometry by
employing Cy,-symmetry restrictions (Figure 2). Table 1 shows
essential bond distances of 7 and the corresponding exper-
imentally determined data.

Considering the model character of 7, that is, the neglect of
the electronic and steric influence of additional groups
present in the experimentally employed ligands as well as
the lack of symmetry in the crystal structure, the overall
agreement between experimental and theoretical data is
pleasing. There is a slight overestimation of the computed
Pd—Pd and Pd—P bond distances, whereas the calculated P—C

Table 1. Comparison of selected bond lengths [A] in the Pd; core of 7
(Figure 3) computed at the B3LYP level of theory and determined by X-ray
crystallography. Owing to the lack of symmetry in the crystal structure,
average bond lengths are given. P, designates a bridging phosphorus atom,

P..m a terminal one.

B3LYP X-Ray (average)
Pd-Pd 2.884 2.839(20)
Pd—Pm, 2.353 2.334(8)
Pd-P, 2.392 2.332(6)

2.394
P—C 1.750 1.764(7)
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Figure 2. Optimized geometry of 7. Selected bond lengths are given in A.

distances in the phosphinine ligands are slightly short. These
deviations are probably a consequence of an enhanced donor
potential of the real ligands as compared with those used in
the model system. In agreement with this supposition, a
comparison of the P—C bond length in the coordinated
(1.750 A) and in the free, reoptimized phosphinine (1.743 A)
at the B3LYP level of theory shows that the complexation
causes a slight elongation of this bond. Owing to stronger
donor/acceptor interactions between the metal core and the
ligands, this is more pronounced in the real system. Reoptim-
ization of the isolated Pd, fragment in the 'A’ singlet state*]
results in a much shorter Pd—Pd bond (2.803 A in the Ds-
symmetric isolated Pd; fragment vs. 2.884 A in 7); however,
the corresponding energy difference between these Pd;
structures is only 0.3 kcalmol™!. In view of the negligible
energetic consequences of an elongation of the Pd—Pd bond,
the deviations between computed and experimental bond
lengths do not seem significant.

Analysis of bonding properties: In order to understand the
intermetallic bonding properties, we first performed calcu-
lations on the isolated D;,-symmetric Pd; core, using the
geometry from 7. With respect to the dissociation into
separated atoms, the Pd; cluster is bound by 28.5 kcalmol~!
Relaxation of the geometry does not lead to significant
changes, neither in energy nor in electronic structure. It is not
immediately apparent how bonding interactions between
three Pd atoms in the 4d'%5s” ground state could arise. In fact,
inspection of the molecular orbitals reveals significant ad-
mixture of 5s orbital character to the HOMO —9, which
consists mainly of a 4d../4d,._,» hybrid (cs,, > 0.1). This orbital
is lowest in energy among the 15 doubly occupied MOs in the
valence space of the Pd; core. The corresponding antibonding
combination of 5s and 4d orbitals forms the LUMO.
Significant S5p contributions are not visible in the coefficient
vectors of the occupied MOs. A population analysis of the
natural orbitals (NPA) of the Pd; core yields the electron
configuration 4d*865s%135p%01 A Wiberg bond index of 0.24 is
calculated for the Pd—Pd bonds, which results in a bond order
of 0.48 for each Pd atom. A qualitative MO scheme for the
valence orbital space of the Pd; core is depicted on the left-
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Scheme 1. Orbital interaction scheme for Pd; (left) and (PHj;); (right) to give the fragment complex Pd;(PHj;);.

hand side in Scheme 1. The MO analysis shows that bonding
within the isolated Pd; cluster is accomplished by formation of
occupied 5s/4d hybrid orbitals.

Interactions between the Pd; core and the three PH; groups
were studied by single-point energy calculations on the
corresponding Cj,-symmetric fragments in the geometry of
7. These calculations yield an energy of 78.9 kcalmol~! for the
formation of the Pd;(PH;); fragment complex. A highly
simplified MO interaction scheme is shown in Scheme 1.
Formally, the binding situation can be interpreted in terms of
a donation/back-donation picture. The phosphorus lone pairs
are interacting with unoccupied orbitals of the metal fragment
(donation); this leads to formation of three energetically low-
lying bonding orbitals (1 and 2 in Scheme 2). The former
HOMO of the Pd; fragment is stabilized by an interaction
with the LUMO-+4 of the symmetry adapted set of (PH;),
orbitals and forms the HOMO — 1 of the Pd;(PH;); complex
(back donation, 4 in Scheme 2). In this complex, two e’
orbitals with antibonding character constitute a doubly
degenerate HOMO (5 in Scheme 2). The LUMO has s/d
hybrid character (6 in Scheme 2), very similar to the LUMO
in the isolated Pd; fragment.

However, a more detailed analysis of the MOs shows that
the bond formation is associated with more complex orbital
interactions. For example, the three formal acceptor orbitals
of the isolated Pd; fragment (LUMO+3 and LUMO+1)
possess 5s/5p hybrid character. In contrast, after Pd—P bond
formation the MO coefficient vectors of the three lowest
valence orbitals (1 and 2 in Scheme 2) do not show significant
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Scheme 2. Selected orbitals essential for bonding in the Pd;(PH;); frag-
ment complex.

5p character (cj5,, < 0.02). In the Pd;(PH;); complex orbital 1
rather resembles the HOMO — 9 of the Pd; core, although
d,._,» components are not present and the orbital coefficients
localized on the metal show essentially 5s and 4d,. character.
Instead, the d,._,» components can now be found in HOMO —
7 (3 in Scheme 2), which shows 4s admixtures and antibonding
components of the Pd—P bonds. These interactions are
indicated by light gray lines in Scheme 1. A similar situation
is found for the equivalent e’-orbital interactions, which are
not shown in Scheme 1 for the sake of clarity. Obviously, the
promotion of electrons to 5p orbitals of the metal atom is too
energy demanding to play any role in the bonding mechanism
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Scheme 3. Orbital interaction scheme for Pd;(PH;); (left) and (CsHsP); (right) to give 7.

of the fragment complex Pd;(PH;);. In agreement, the NPA
analysis indicates an electron configuration 4d*5s235p000, A
Wiberg bond index of 0.10 and 0.41 is calculated for Pd—Pd
and Pd—P bonds, respectively; this results in an overall bond
order of 0.74 for each Pd atom. In the population analysis, a
charge of only —0.03 e is calculated for each Pd atom; this is
indicative of an efficient back-bonding mechanism that
compensates for the initial transfer of electron density from
the PH; ligands to the Pd; core.

The interactions between the orbitals of Pd;(PH;); and the
(CsHsP), fragment are complex and only the most important
contributions to bonding will be

which are depicted on the right hand side of Scheme 3. The
left-hand side shows the Pd;(PH;); fragment MOs, which are
essential for bonding interactions. As anticipated, the stron-
gest interactions occur between the free o-electron pairs of
the phosphinine ligands and the corresponding unoccupied
orbitals of the Pdi(PH;); fragment [LUMO (a’) and
LUMO+1 (¢')]. In addition, lower lying orbitals of the
phosphinine ligands with st character are involved, such that
two almost degenerate orbitals of a’ symmetry (—0.353 au,
—0.354 au, 1 in Scheme 4) are formed, which are very close in
energy to the lowest lying valence orbital in the Pd;(PH;),

discussed in the following. A
simplified picture of the bond-
ing interaction is reproduced in
Scheme 3. According to the
single point calculations, the
three phosphinine ligands are

bound by 126.5 kcalmol~!. The
HOMO of the free phosphinine

ligand has it character, whereas
the lone electron pair on phos-
phorus is only slightly lower in
energy. In the (CsHP); frag-
ment, these orbitals form Cj,-

symmetry-adapted linear com-
binations of a’ and e’ symmetry,

Chem. Eur. J. 1999, 5, No. 7
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Scheme 4. Selected orbitals essential for bonding in 7.
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fragment (—0.358 au, a’ component of the Pd—P,.,, bond).
Very similar interactions lead to the formation of two low-
lying bonding orbitals of ¢ symmetry (2 in Scheme 4). In
addition to these o-donor interactions of the phosphinine
ligands, further analysis of the MOs reveals significant Pd—P,
contributions with s character to the bonding (3 and 4 in
Scheme 4). Stabilizing 7 interactions occur between the
HOMO —1 (a’) of the Pd;(PH;); fragment and the LUMO+1
of the phosphinine ligands (back donation, 5 in Scheme 4);
the antibonding combination of these MOs forms the LUMO
of complex 7 (7 in Scheme 4) and thereby changes its
character when compared with the LUMO of the Pd; core
and the Pd;(PH;); fragment. The presence of the phosphinine
ligands exerts a strongly destabilizing influence on the doubly
degenerate HOMO; this is compensated in part by back
donation of charge into the doubly degenerate LUMO of the
(CsH;sP); fragment. The consequences of these interactions
become visible in the graphic representation of orbital 6 in
Scheme 4. The population analysis of natural orbitals of 7
yields an electron configuration of 4d%%5s*475p%0!, The Wiberg
bond indices for the respective Pd bonds are: Pd—Pd 0.11,
Pd-P,,, 0.29, and Pd—P, 0.35. Altogether, a bond order of
1.58 is computed for each Pd atom. The metal atoms carry a
charge of —0.04 e. Again, this indicates the compensation of
charge transfer by efficient donation/back-donation mecha-
nisms.

Bader analysis of the electron density: Figure 3 shows the
Laplacian of the electron density as well as the bond paths
between the metal centers and between metal and phosphorus

Figure 3. Laplacian of the computed electron density of 7. Bond paths
between Pd and P atoms are shown. Bond critical points are indicated by
squares and ring critical points by circles.

atoms. The positions of the bond and ring critical points
(marked by squares and circles, respectively) clearly indicate
the presence of a Pd; ring held together by covalent bonds as
well as the covalent nature of the metal — phosphorus bonds.
The bridging phosphorus atoms form bonds to two metal
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atoms and the electron density has ring topology. The
representation of the Laplacian shows a significant polar-
ization towards the adjacent Pd atoms in the region of the free
electron pairs of the P, atoms. This is a consequence of the -
orbital contributions of the phosphinine ligands involved in
addition to the o components of the Pd—P bonding.

Conclusion

The triangulo Pd; cluster 6 (n = 3), in which a phosphinine (1)
and a phosphane (PEt;) are involved as ligands, is readily
accessible in two steps. The X-ray structural analysis shows
novel bonding in that the phosphinine ligands serve as bridges
between two Pd atoms. The computed geometry of the model
compound 7, in which the parent substances PCsHs and PH;
are used as ligands, is in satisfactory agreement with the
experimental data. Deviations can be traced back to a very
flat stretching potential of the Pd—Pd bonds as well as
differences in the donor potential of the ligands in the model
and the real system. Interactions between the Pd; core and the
ligands lead to an overall stabilization energy of 205.4 kcal
mol~! (26.3 kcalmol~! per PH; group, 42.2 kcalmol~! per
CsH;P ligand). The analysis of MO interactions shows that the
bonding between the phosphinine ligands and the metal core
involves both o and = orbitals. Ligand coordination causes a
weakening of the Pd—Pd bonds. This can be understood from
the bonding interactions in the isolated Pd; fragment; these
require an essential admixture of S5s orbital character. If
charge is transferred from the ligand lone pairs into these
orbitals, they are no longer available for the bond formation
between Pd atoms. Consequently, the Pd—Pd bond order is
lowered from 0.24 in the Pd; fragment to 0.10 in the Pd;(PHj;);
fragment or 0.11 in 7. The presence of efficient back-bonding
mechanisms is indicated by negligible charges on the Pd
atoms.

Experimental Section

Analytical instrumentation: IR spectra: Magna IR750 spectrometer
(Nicolet). 'H, 3P, and *C NMR spectra: FIZNMR AC200, FT-NMR
AM200, FT-NMR AM 300 and FT-NMR WH 400, all from Bruker; CD,Cl,
as internal standard for 'H and *C NMR data relative to TMS; 3P NMR
shifts relative to 85 % H;PO,; Av =apparent coupling constants from high
spin systems; MS: Finnigan MAT 311A, electron spray ionization (ESI-MS)
with Finnegan MAT 95. UV/Vis spectra: Cary-2300 spectrometer (Varian).
Elemental analyses were carried out by Mikroanalytisches Laboratorium
Kolbe, Miilheim an der Ruhr.

Preparation of dimeric complex 5: In a 100 mL Schlenk tube under an
atmosphere of argon, a suspension of Pd(OAc), (111 mg, 0.5 mmol) in dry
toluene (10 mL) was cooled to —78°C, and a solution of 2.4,6-triphenyl-
phosphinine!* (486 mg, 1.5 mmol) in dry toluene (10 mL) was added
slowly. Following the addition (1h) the solution was stirred for an
additional 2h at —78°C and then for 10h at room temperature. The
solvent was removed in vacuo. The red residue was dissolved in toluene
(2mL) and chromatographed over ALO; (10g) with pentane until
nonreacted phosphinine 1 was removed; then toluene was used and a
fraction which contained the red product. The solvent was stripped off and
the product was dried for 24 h under high vacuum; this provided a shiny
dark red powder (148 mg corresponding to 60% yield). 'H NMR
(400.14 MHz, CD,Cl,): 6 =784 (t, Av=12.2 Hz, 4H), 7.71 (d, /=70 Hz,
4H), 7.70 (t, Av =15 Hz, 4H), 7.63 (d, J=17.0), 741 (t, /=77 Hz, 2H), 7.38
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(t,J=77Hz,2H), 735 (d,J =77 Hz, 8H), 717 (1, = 7.7 Hz, 4H), 713 (m,
8H), 7.11 (m, 8H), 6.92 (m, 4H), 6.90 (m, 8H); *C NMR (100.62 MHz,
CD,Cl,): 6 =161.89, 143.15, 158.64, 144.72, 143.22, 142.82, 138.96, 136.88,
133.10, 132.61, 129.28, 129.26, 128.88, 128.19, 127.94, 127.75, 127.70, 127.66,
127.37, 12722, 127.03, 126.99; 3'P NMR: (161.99 MHz, CD,Cl,): 6 =179.61
(t, Av=>51 Hz), 165.28 (pt, Av=51 Hz); MS (ESI/pos, CH,CL,): m/z (%):
1509 (60) [M*+H]; IR (KBr): 7= 3050, 3018, 19301700, 1596, 1572, 1489,
753, 692 cm~!; UV/Vis (CH,CL): Ay (€): 277 (41500), 535 (5500), 677 nm
(200); Cy,HgP,Pd, (1510.29): caled C 73.14, H 4.54, P 8.20, Pd 14.09; found
C 71.85, H 4.55, P 7.86, Pd 15.23.

Preparation of compound 6 (n =3): A 100 mL Schlenk tube equipped with
a dropping funnel was charged with a solution of dimeric complex 5
(100 mg, 0.07 mmol) in diethyl ether (5 mL) and toluene (2 mL) under an
atmosphere of argon. At —78°C a solution of triethylphosphane (40 mg,
0.34 mmol) in diethyl ether (10 mL) was added slowly; the solution was
stirred rapidly throughout. Stirring was continued for 10 h, during which
the solution was allowed to warm to room temperature. The solvent was
removed, and the dark green residue was dissolved in toluene (1 mL). The
solution was covered with a small amount of an ether/pentane (1:1) mixture
and allowed to stand for 48 h at —30°C. A dark green powder precipitated;
this was collected and washed 3 times with cold (—30°C) pentane (3 mL).
The product was then dried for 5h in vacuo (70 mg; 97%). '"H NMR
(300.14 MHz, CD,Cl,): 6=17.89 (d, J=78 Hz, 8H), 7.68 (m, 4H), 7.52 (d,
J=12Hz,4H),727 (t,J=76 Hz,4H), 724 (t,2H), 6.94 (t,/ =74 Hz, 4H),
6.74 (t, J=78Hz, 8H), 1.02 (m, 12H), 0.46 (m, 18H); *C NMR
(75.47 MHz, CD,ClL): 6=144.89 (m), 144.12, 134.70, 129.23, 127.62,
129.12, 125.89, 125.73, 125.82, 16.99, 8.31; *'P NMR (121.50 MHz, CD,Cl,):
0=194.61 (q, Av=16.0 Hz), 8.28 (q, Av=16.0 Hz); IR (KBr): 7= 3040,
3000, 3055, 3025 (s), 2950 (s), 2929 (s), 1940-1690 (s), 1594, 1566 (m), 1489
(m), 758 (w), 696 cm™' (w); UV/Vis (CH,CL): A, (€): 274 (67400), 330
(36100), 450 (20500), 524 (11600), 689 nm (62700); CssHe P, Pd, (1097.88):
caled C 63.55, H 5.88, P 11.28, Pd 19.39; found C 63.58, H 5.81, P 11.24, Pd
19.46.

X-Ray structural analysis of 6: The complex was dissolved in a small
amount of toluene, which was then covered with ether/pentane (1:1) at
—30°C. Crystals suitable for an X-ray structural analysis were subsequently
obtained on standing. CgHyPcPd;- CsHy,, M,=1718.80 gmol~!, green,
crystal size 0.11 x 0.25x 0.53 mm, a=13.9195(3), b=17.6501(4), c=
19.9287(4) A,  «=100.980(1), [=99.024(1), y=109.917(1)°, U=
4386.6(2) A3, T=100K, triclinic, P1 [No.2], Z=2, peaea=130gem3,
1#=0.760 mm~!, Siemens SMART diffractometer, A =0.71073 A, CCD o
scan, 43317 reflections, of which 23169 were independent, and 18935
considered observed [I>20(I)], [ (sin@)/A],,.c = 0.70 A~ spherical absorp-
tion correction (7, 0.84526; Ty, 0.84629), direct methods (SHELXS-
97),53% least-squares refinement?®! (on F2), H atoms riding on nondisor-
dered atoms, disordered atoms isotropic, 891 refined parameters, R = 0.063
(obs. data), R,, = 0.184 (Chebyshev weights), final shift/error 0.001, residual
electron density 1.917 e A3 (0.923 A from C90). Crystallographic data
(excluding structure factors) for the structures reported in this paper have
been deposited with the Cambridge Crystallographic Data Center as
supplementary publication no. CCDC-108613. Copies of the data can be
obtained free of charge on application to CCDC, 12 Union Road,
Cambridge CB21EZ, UK (fax: (+444)1223-336-033; e-mail: deposit@
ccde.cam.ac.uk).
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