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Synthesis, Structure and Ligand-centred Reduction of an Orthometallated Complex of
Palladium containing Two Phosphaalkene Groups

Abdelaziz Jouaiti, Michel Geoffroy,* Gustavo Terron and Gérald Bernardinelli
Department of Physical Chemistry and Laboratory of Crystallography, 30 Quai Ernest Ansermet, University of

Geneva, 1211 Geneva, Switzerland

A novel ligand containing two phosphaalkene moieties has been synthesized, which forms a palladium(n) complex
whose crystal structure has been determined and whose reduction has been shown, by EPR spectroscopy, to take

place on the ligand rather than on the metal.

The chemistry of low-coordinate phosphorus compounds is
currently a very active research field,! in particular, the nature
of the bonding between phosphaalkene and transition metals
is being intensively investigated and several complexes where

H H
But ] | But
i P P i
Bu! Bu! But Bu
1
H H
But | ' But
P——pd—P
Cl
But But But But
2

a metal is 0- or n2-coordinated to a single ~P=C< group have
been reported.2 Reduction of square-planar palladium(i)
complexes is known to generate paramagnetic species in which
the unpaired electron mainly lies in a d,2_ 2 metal orbital. This
is the case, for example, of tetrakis(tetrahydropyrimidine-
2(1H)-thione)3 or bis(dithioxolato) complexes.4 For aphospha-
alkene ligand the n* LUMO is expected to be relatively low
lying and it seems plausible, for example, that reduction of a
phosphaalkene Pd!! complex could generate a complex with
the additional electron in a ligand-centred molecular orbital.
In this context, we have undertaken the synthesis of a new
ligand bearing two phosphaalkene moicties and able to
complex a Pd2+ ion; we describe here the preparation of the
ligand 1 and report the crystal structure of the corresponding
cyclometallated Pd"" complex 2 whose reduction was studied
by cyclic voltammetry and EPR spectroscopy.

The ligand 1 was synthesized by using the method of
Yoshifuji e al.5 to generate the phosphaalkene groups: after
addition of BunLi to a solution of ArPH, (Ar = 2,4,6-
But;C¢Hy), CISiMe,But was added to the reaction mixture; a
new lithiation was then followed by dropwise addition of a
solution of isophthaldehyde at room temperature. After

Fig. 1 Stereoscopic view of the Pd complex 2
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Fig. 2 EPR spectrum obtained by electrochemical reduction of the
complex 2

removal of the solvent and separation on a silica gel column
with pentane as eluent the diphosphaalkene 1 was crystallized
from benzene-MeCN (m.p. 150 °C) and characterized by 'H,
31P and 13C NMR spectroscopy.

The complex 2 was obtained by addition, under an argon
atmosphere, of [Pd(PhCN),Cl,] to a solution of one equi-
valent of 1. The resulting orange solution was stirred for 1 h
and crystals of 2 were obtained by diffusion of benzene vapour
into a solution of the complex in CH,Cl,. The complex 2
(decomp. 181 °C) was characterized by NMR spectroscopy
and X-ray crystallography.

The crystal structuret determination reveals a tridentate
chelate structure (Fig. 1); the Pdll centre is bound to both
o-phosphorus donors and an orthometallation of the phenyl
ring is observed. The environment of the metal is square-
planar and, except for the two phenyl rings which are oriented
perpendicular to the molecular plane (86°), all the atoms of
the complex are practically coplanar. Phosphine analogues of
2 (complexes for which the phosphaalkene groups are
replaced by phosphine moieties) have been synthesized,® but,
as far as we know, their crystal structure has not been
reported. Nor has any crystal structure for a phosphaalkene
palladium complex. The bond lelgths for 2 [Pd-ClI 2.348(4),
Pd-P 2.274(3), Pd-C(8) 2.04(1) A] are in good accordance
with those previously measured for trans-chloro-2-(phenyl-
azo)phenylbis(triethylphosphine)palladium(ir)!¢ and the P=C
bond length [1.63(1) A] is similar to that reported for
CiS'[P’[Clg(PEt3){P(meS)ZCth}] (meS:2,4,6-Me3C6H2).2<~‘

In contrast to previous observations on phosphaalkenes,
which often show an irreversible reduction wave,!b the
compound 1 shows a reversible reduction at —1.91 V. The

t Crystal data and structure refinement for compound 2. Cell
parameters and reflection intensities were measured at room tem-
perature on a Philips PW 1100 diffractometer with graphite monochro-
mdted Mo-K« radiation (A = 0.71069 A). Pd(C44H63P«)C] (CgHg)2,

= 052.0, orthorhombic, space group Pbcn, a = 17.067(3), b =
18 838(3), ¢ = 16.427(2) A V= 5281(1) A%, Z = 4, Dy, = 1.20 Mg
m=3, D, =120 Mg m~3, p = 0.489 mm-1, F(OOO) = 2016. Data
Collection: sin O/h < 0.53, h = 0-18: k = 0- 19, [ = 0-17; w-20 scans,
absorption corrections: A%, = 1.063 A% = 1.067. Of the 3261
measured reflections, 1995 were considered as observed [|Fy| >
40(Fy)] and used in structure refinement. The measurement of two
reference reflections showed no significant deviation. The structure
was solved by direct methods (MULTAN-87)6 and refined by
least-squares analysis with the XTAL-3.0 program.’ Atomic scatter-
ing factors and anomalous-dispersion terms are taken from ref. 8. All
coordinates of the H atoms were calculated. The maximum and
minimum residual electron densities in the final AF map were 1.50 and
—1.20 eA -3 respectively. Final R factors: R = 0.082, Ry, = 0.046 [w =
1/6%(Fp)]. The Pd complex is located at a special position with atoms
Pd, Cl, C(8) and C(11) in position 4c. The benzene molecule is
ordered and located in general positions. Atomic coordinates, bond
lengths and angles, and atomic displacement parameters have been
deposited at the Cambridge Crystallographic Data Centre. See Notice
to Authors, Issue No. 1.
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cyclic voltammetric study of the complex 2 in tetrahydrofuran
(THF) shows a reversible reduction at E;» = —1.23 V vs,
standard calomel electrode (SCE); an irreversible reduction
also occurs at —1.92 V vs. SCE. Electrolysis of a solution of 2
in an EPR cell at a potential corresponding to the first
one-electron-reduction step produces a species with an intense
EPR spectrum (Fig. 2). This spectrum is totally different from
that obtained by electrochemical reduction of the pure ligand
1 (coupling with a single 3'P) and is characterized by a
hyperfine interaction with two equivalent 3P nuclei (A;,, = 78
G;and 1 G = 10-4 T) and a g value equal to 2.0044. An
additional coupling with two equivalent protons (4, = 3.5 G)
is also observed. The 3P coupling indicates a strong spin
delocalisation on the ligands [for comparison, the 3!P-A;,
value in (RP = PR)- is 57 G] as does the closeness of the
g-value to the free electron value. Furthermore, no hyperfine
coupling with '05Pd (natural abundance 22.2%, I = 5/2) is
observed. These results are reminiscent of those reported for
the one-electron-reduction products of tin(iv) chloride
adducts of bis(dithiooxalato)palladium(ir)'! and suggest that
the added electron occupies a ligand & antibonding orbital.
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