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Abstract

(Cy;:P),Pd (Cy = C,H,;) reacts with PhOH in toluene to give the phenoxopal-
ladium(1l) hydride derivative rans-(PhO)H)PA(PCy, ), - PhOH: the crvstal struct-
ural study has established that the oxygen of the phenoxy group forms a hvdrogen
bridge with an uncoordinated phenol molecule. and has allowed direct location of
the hydride atom (Pd-H. 1.37(2) A

The H-M-OR unit has several points of interest mainly arising from the
simultaneous presence of the very reactive M—~OR and M-H bonds. Examples are:
(a) the mvolvement of alkoxypalladium derivatives in the conversion of alkenes.
carbon monoxide. and methanol into esters [1-4]; (b) the migratory insertion of CO
into the Th—-H bond of the alkoxo-hydride derivative (17-CsMe) Th(HNOCH-t-Bu , )
to give an n~-metal formy! |3} and (¢) the intermediacy of alkoxo-hvdride species in
catalytic hvdrogen transfer reactions [6].

Formally L, M(H)(OR) complexes can be directly derived by oxidative addition
of alcohols to electron-rich transition metals, but there are very few examples of
preparation of alkoxo-hydride derivatives either by this route or by other syathetic
methods [5.8]. Possible reasons are that activation of the O-H bond alcohols is
difficult and that the electronic requirements of alkoxo and hvdride ligands are
rarely compatible.

Here we report the synthesis and the crystal structure determination of mrans-
(PROYH)YPA(PCy, ), - PhOH (1}; this is the first determinaton for a complex con-
taining both Pd-H and Pd--OPh units.

Complex I was obtained as a yellow crystalline solid by addition at room
temperature of PhOH to a toluene solution of PA(PCy. ). [91(2 /1 ratio) followed by
precipitation with n-hexane at - 30°C (60% vield). satisfactory analvtical results
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Fig. 1. The molecular structure of (I) showing the atom labelling. Only the H(hydride) and the H(bridge)
are reported. Relevant bond distances (A) and angles (©) are: Pd-H(1) 1.57(2) (by direct location,
without full refinement), Pd-P(1) 2.318(1), Pd-P(2) 2.330(1), Pd-O(1) 2.135(2). O(1)-C(1) 1.326(3).
O(43)=C(44) 1.369(5). P(1)=Pd-H(1) 86(1), P(2)-Pd—H(1) 76(1), P(1)-Pd-P(2) 161.9(1). H(1)-Pd-O(1)
176(1), Pd-0O(1)-C(1) 120.5(2).

were obtained for I. The main features of complex I were clarified by IR spec-
troscopy (Nujol mull): »(Pd-H) 2060w, 2040w; »(C=C) 1605m, 1585s cm 'and 'H
NMR spectroscopy ([?Hy]-toluene, 10 °C, 300 MHz): § 7.1 (11 Hm,C¢H;0), 1.8
(66 Hm,Cy,P), —17.5 (1 H,m,Pd—H); the shift of a signal from & 8.4 (—40°C)to §
5.6 (30°C) was clearly attributable to hydrogen bonding; this signal cannot be
detected at 10° C, probably because it falls under the multiplet of the aromatic
protons, this accounting for the incorrect ratio between the proton sets. The exact
nature of I was revealed by the X-ray structural determination. Crystal data:
C,,H,,OP,Pd- C;H,OH, M = 855.5, triclinic, space group P1, a 13.535(6), b
16.131(4), ¢ 11.759(5) A, «109.24(3), B 106.34(3), vy 84.21(3)°, U 2325.98 A z=2,
D. 122 g cm 3, F(000) =916, p(Mo K,) 4.94 cm™', 6 range 2.5-25°, final R
value 0.033, R, =0.037 for 6568 out of 8568 absorption-corrected independent
reflections [F, > 50(F,)] (transmission range 78-100%). Intensity data were col-
lected at room temperature on an Euraf-Nonius CAD4 diffractometer by the w-26
scan method. All non-H atoms were allowed to vibrate anisotropically. The H-atom
bound to palladium(Il) was found in a final Fourier difference map and in the
refinement was fixed at the observed distance of 1.57(2) A from Pd, a similar
procedure was used for the H atom of the phenoxide group, this atom being kept at
a distance of 1.18(1) A from O(43). The remaining H atoms were added in
calculated positions and refined riding on their respective C atoms. The structure
was solved by Patterson methods; for all calculations the SHELX76 [10] package of
crystallographic programs was used. The molecular structure of I is shown in Fig. 1.
The palladium(II) atom possesses a severely distorted square planar coordination
geometry. The two trans-PCy, groups bend towards the H(hydride) atom



(P(1)-Pd-P(2) 161.9(1)°) and appear to be “pushed awayv™ from the pheno-
xvphenol coordination site. The very small deviations from the least-squares plane
(max clevation 0.04 A for Pdy confirm that the main cause of deformation is the
steric pressure exerted by the phenoxyphenol svstem. The main feutures of the
structure of I are the unprecedented direct location of the hvdride higand and the
phenoxy phenol coordination svstem. Although direct compuarison with other Pd-H
bond lengths is not possible. the observed distance of 1LA7(23 A i in agreement with
the values reported for some Rh-H distances |11} and with the sum of the Pd and H
atomic radii. However. an unambiguous determination of the H aiom position
would require a neutron diffraction study.

The Pd-O distance of Z.135(2)y A falls within the range observed for other Pd- O
bonds in square planar complexes [12]

The coordinated phenoxy group is found to form a hvdrogen bond with a phenol
molecule. Interestingly. also the H-atom in the bridge could be directly tocated from
the X-rayv diffraction experiment. the O, H O angle i~ 168.3(2)% and the H-bond
is asymmetric with distance from the O(phenoxy) (1.46{1) Ay tonger than that from
the O(phenol)y atom (1.18(1) Aj. Tt is noteworthy that C(1) appeurs to be displaced
out of the plane orthogonal to the palladiumdIl) coordination square (as indicated
by the torsion angles P(1- Pd—-O(1)-C(1) 124.6 and P2y-Pd Oy Cely - 58.9°)
because of the presence of the H-bridged phenol molecule.

Future work will be aimed at examining the reactivity of Pd-H and Pd-OPh
bonds and the activation of the 0 H bond of aliphatic alcohols,
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