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Preparation of NCN Imino Pincer Palladium Complexes and Their Properties

Organometallic pincer complexes containing terdentate monoanionic ligands composed of an
anionic aryl carbon atom and two mutually frans-chelating donor sites at 2,6-positions of the
aromatic ring have been attracting widespread interest in catalysis and material science. Various
methods for the preparation of such compounds have been developed and they can mainly divided
into four strategies: 1) direct cyclometalation, 2) oxidative addition, 3) transmetalation, and 4)
transcyclometalation. All of these methods must involve a metalation reaction of the
corresponding pincer ligands creating a new metal-carbon . bond in the final step (hereafter she
will refer to these methods as “metal introduction routes,”). While the metal introduction route is
the most straightforward process, a synthetic limitation has emerged as a serious problem (for
example: complexation with sterically demanding pincer ligand; utilization of chemically unstable
coordination group; regioselective metallation). These problems therefore impose a restriction on
research for pincer complexes bearing imine-donating groups; i.¢., there are few articles describing
the Rh, Pd, and Pt complexes in contrast to the many reports for those with other coordinating
groups. To overcome these problems, they planned to develop a new synthetic strategy based on a
metalation —ligand -construction sequence, r eferred to as “ligand introduction route ”. The
site-controlled metalation of an aromatic ring before the introduction of the ligand moieties can
overcome the inhibition of formation of the M—C bond by the bulky coordinating groups. The
S ub s e quemnt l1 i1 gand-comnstruction
at the 2,6-positions makes it easy to use sensitive donor groups.

First, she carried out the preparation of NCN pincer palladium complexes having imine moieties
via the ligand introduction route. NCN imino pincer palladium complexes,
[4-tert-butyl-2,6-bis(N-alkylimino)phenyl] chloropalladium (alkyl = cyclohexyl, benzyl,
n-butyl,s-butyl, adamantyl, 2-hydroxylethyl, phenyl, 4-methoxyphenyl, ethoxycarbonylmethy,
2-chloroethyl, 2-methoxyethyl, 4-aminobenzyl), were readily prepared from
trans-(4-tert-butyl-2,6-diformylphenyl)chlorobis(triphenylphosphine) -
palladium via dehydrative introduction of the corresponding alkylimino ligand groups in excellent
yields (71-98%). The structures of these pincer complexes were identified by X-ray crystal
structure determination, NMR, IR, FAB-MS, and elemental analysis. From these results, the
ligand introduction route should be recognized as being an alternative synthetic protocol for pincer
palladium complexes since it overcomes the problems of the known pincer complex formation
(introduction of sterically demanding donors, utilization
of sensitive coordination groups, and regioselectivity of metalation).

To confirm the complexation pathway, variable temperature 'H, 3P and "N NMR measurements
were carried out for the isolated pincer complex; [4-tert-butyl-2,6-bis-
(N-benzylimino)phenyl]chloropalladium in the presence of 2 mol equiv of PPhs. These NMR
studies on this route for forming NCN imino pincer palladium complexes revealed the intermediacy



of [4-tert-butyl-2,6-bis(N-butylimino)phenyl]chlorobis(triphenyl -
phosphine)palladium which is in equilibrium with the corresponding NCN imino pincer palladium
complexes via coordination/dissociation of the intramolecular imino groups and

triphenylphosphine ligands.

A single crystal X-ray structure determination confirmed the structure of the corresponding
intermediate. In the "H NMR spectra, the van’t Hoff plots showed a good linearity and afforded
thermodynamic parameters: the enthalpy . . ° = -90.5 + 2.9 kJ mol™ and the entropy . $° = -231 +
11 J K mol™. The van’t Hoff plots of N NMR spectra also showed a good linearity and gave the
values of thermodynamic parameters: . . °=-912 % 1.4kJI mol'and . $° = 233 + 15 J K'mol ™.
The catalytic properties of NCN imino pincer palladium complexes were examined for the Heck
reaction where the pincer complexes, [4-tert-butyl-2,6-bis(N-alkylimino)phenyljchloropalladium
(alkyl = cyclohexyl, benzyl, n-butyl t-butyl, adamantyl, 2-hydroxylethyl, phenyl), were found to
promote the Heck reaction of aryl halides and acrylates smoothly (86-90% yield). Thus, the
reaction of iodobenzene and butyl acrylate took place with only 1 mol ppm of the pincer catalyst to
give 90% isolated yield of butyl rrans-cinnamate.

The coordination/dissociation equilibrium of PPh; ligand to/from the pincer complex (vide supra)
prompted her to index the coordination ability of a variety of ligands with the pincer complex as a
probe molecule. The NMR observation of the coordination of various p hosphine ligands to
[4-tert-butyl-2,6-bis(N-benzyl-imino)phenyl |chloropalladium gave the corresponding coordination
constants K.;. When meta and/or para-substituted triarylphosphine ligands were used, Hammett
plots of the equilibrium constant parameter log K /K, vs the substituent constant Taft’s . * values
gave a good linearity. The coordination ability is strongly affected by the steric properties of the
ligands. Thus, ortho-substituted triarylphosphines showed significantly low coordination constants.
The thesis will also describe the coordination index of 29 ligands including
phosphines, phosphates, pyridines, etc.
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