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CONTROL OF THE STEREOCHEMISTRY AND ELECTRONIC CON-
FIGURATION OF TRANSITION METAL COMPLEXES BY NEW TRIPO-
DAL LIGANDS

HERMANN A.MAYER
Institut fiir Anorganische Chemie der Universitit Tiibingen, Auf der Morgenstelle
18, D-7400 Tiibingen, W-Germany

Abstract Inspite of the C; symmetry of the new tripodal phosphine ligands 1,2 no
facial coordination to Ir(I) and Ir(II) is observed. 1 forms square planar, square py-
ramidal, and octahedron iridium complexes with two phosphine "arms" coordinated
trans to one another. The third phosphine "arm" which remains uncoordinatedisina
fast exchange process with the metal bound phosphines. Intramolecular metalation
of a C-H bond of the cyclohexane ring occurs when 2 is treated with
Ir(PPh,),(CO)CL.

Introduction

Polyphosphines attract considerable interest as ligands which stabilize transition
metal complexes. Depending on the nature of the metal and on the design of the poly-
phosphine, complexes with a variety of coordination geometries can be achieved. Thus
it is possible to control the stereochemistry and the electronic configuration of transi-

tion metal complexes.1 '

Resul 1D .

In the new tripodal ligands 1,2 (1: R = Phenyl, R’ = H% 2R = Phenyl, R’=
Methyl; Figure 1) three (diphenylphosphino)methyl groups are specifically bound in
cis,cis-1,3,5 positions to a cyclohexane ring. Because of the C, symmetry of the ligands
itis expected that a facial geometryis adopted when 1,2 are coordinated to a trigonal bi-
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pyramidal or an octahedron metal center. However, the stereochemistry imposed by
1,2 on a metal center is not only a function of the chelate angle of the phosphines but
also depends on the conformation (flexibility) of the cyclohexane ring. For the coordi-

nation chemistry it is of further significance, whether the equatorial or axial site will be

Figure 1
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occupied by the (diphenylphosphino)methyl groups. Therefore in 2 methyl groups
were introduced at the ipso positions. This dramatically lowers the energie barrier for
the equatorial - axial site exchange as was demonstrated bya VT HNMR study. While
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1 shows no line broadening due to an exchange process up to 100 °C a coalescence of
the equatorial and axial positions is observed at 72 °C in the case of 2. A x-ray structure
analysis establishes that in the ground state geometry of 2 the methyl groups are in the
axial and the sterically more crowded (diphenylphosphino)methyl groups are in the
equatorial positions.3

When Ir(PPh3)2(CO)C1 is treated with 1 in toluene PPh, is replaced by 1 and a new
compound is isolated which on the basis of spectroscopic characterization and reaction

chemistry is formulated as shown in Figure 1. A square planar Vaska type complex is

Figure 2

+ NaBH4

1a

+ H*

formed with two phosphine groups coordinated trans to one another. The third phos-
phine "arm" remains uncoordinated, however, is in a fast exchange process with the
phosphine groups bound to the metal. Like Vaska’s complex 1a reacts reversibly with
H, at atmospheric pressure to give the pale yellow octahedron Ir(III) dihydride com-
plex 1b (Figure 2). IR and NMR spectroscopic data are consistent with the cis addition
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of H, and thus demonstrates that the stereochemistry at the metal center isthe same as
that observed in the kinetic product of the H, oxidative addition to Vaska’s complex.5
Due to the geometry of the ligand four isomers can be generated which are observed in
the 'Hand >!PNMR spectra. The reduction of 1a with a large excess of NaBH , leads to
the quantitative formation of the meridional trihydride complex 1¢ (Figure 2). This also
demonstrates the similarity to Vaska’s complex which results in a meridional trihy-
dride, too when reduced with NaBH 4.6 Treatment of 1a with triflic acid results in the
protonation of the metal center producing the square pyramdial complex 1d (Figure
2). The stereochemistry of the complexes 1a-d is obtained from their IR, Iy, 13C, and
3IpPNMR spectra. Ineach case the NMR data are consistent with aC; symmetry of the
ligand and thus of a dynamic behavior. In spite of the C; symmetry of the ligand no fa-
cial coordination to either Ir(I) or Ir(II) is observed. In square planar (1a), square py-
ramidal (1d), and octahedron (1b,c) complexes the two phosphines which are
coordinated trans to one another are involved in a fast exchange process with the third
non-coordinated phosphine arm. In each case the cyclohexane ring remains in the chair
conformation while the (diphenylphosphino)methyl groups coordinate from the equa-
torial site. In agreement with 1 ligand 2 also displaces two trans PPh, groups from
Vaska’s complex by two (diphenylphosphino)methyl "arms", however, in addition the
metal inserts into an equatorial C-Hbond of the cyclohexane ring (Figure 1,2a). While
the C, symmetry of 2a could be deduced from the IR, 1H, 13C, and >'P NMR spectra,
the metalation of the equatorial C-H bond was established by a x-ray diffraction ana-
lysis.
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