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Syntheses and Reactivity of Transition Metal Complexes having
a Pyridine-Based Bis(carbene) Pincer Ligand

Graduate School of Engineering, Nagasaki University
Takuo Nakamura

[Introduction]  Recently, pincer-type ligands, which coordinate to the metal center
meridionally, have been attractive great attention, because many tremendous reactions using the
pincer complexes have been reported. And, chemistry of NHC (N-heterocyclic carbene) has
spread explosively, due to the strong c-donating ability. We are interested in both combination,
that is, pincer-type carbene ligands, in particular pyridine-based bis(NHC carbene) (CNC)
ligands.

[Chapter 1] A silver complex bearing 2,6-bis(imidazol-2-ylidene)pyridine (CNC) ligands was
easily prepared from the reaction of the CNC ligand precursor with Ag,O. The CNC ligand
contains relatively bulky substituents, tert-butyl, on nitrogen atoms. Use of the silver complex
as carbene transfer reagents gave rise to a copper and a gold complexes, completing a series of
coinage metal complexes [M,(CNC),](BF4), (M = Cu (2), Ag (1), Au (3)). In all the coinage
metal complexes, the X-ray crystallographic analyses showed that the two CNC ligand strands
are intertwined each other, and around the metal ions in a double helical fashion. Moreover,
the carbene transfer reactions afforded a monomeric palladium complex [Pd(CNC)CI]BF, (4)
and a CNC-bridged dipalladium complex [{Pd(7*-C3Hs)ClI},(-CNC)] (5). Facile chloride

ligand abstraction of the dipalladium complex yielded a chloride-bridged dipalladium complex
[{Pd(77°-CsHs)}2(1-CNC)(1-CI)]BF (6).
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Scheme 1.  Syntheses of transition metal complexes having a CNC ligand.




[Chapter 2 and 3] Capture of CO, is a key step for its utilization. One of transition metal
complexes having the ability of CO, fixation is alkoxido complex. Herein, we reported the
capture of atmospheric CO, by a ruthenium complex having a CNC-type pincer ligand to afford
an alkyl carbonate complex, and its reactivity.

Complex 1 was allowed to react with 1 eq. KOH in MeOH/H,O under air to afford a methyl
carbonate complex 7 (54%), which is unambiguously determined by X-ray crystallography.
The IR stretching band of 7 at 1649 cm™ can be assigned to the C-O stretching mode of a
mono-coordinated methyl carbonate ligand. In the *C{*H} NMR spectrum of 7, a low-field
resonance at 6 160.1 is assignable to a carbonate carbon. One can consider that the
intermediate in this reaction is a methoxido complex 6, which is prepared by the reaction of
complex 1 with excess NaOMe. Actually, complex 6 was reacted with atmospheric CO, in
MeCN to give 7 in 85% vyield. Partial elimination of CO, of 7 was observed under Ar bubbling
for 2 h or in refluxing MeOH for 2 h, indicating that the CO, insertion reaction is reversible.
To check the reactivity of 7, treatments of 7 with Mel or MeOTf as methylating reagents
released dimethyl carbonate (DMC) in 15% or 80% yield, respectively.
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Scheme 2.  Synthesis of a methyl carbonato complex and its reactivity.

[Chapter 4] Since the methoxido ruthenium complex 6 showed high reactivity toward CO,,
and investigated its reactivity. Complex 6 was easily reacted with CS, and PhNCS to afford

insertion products 8 and 9, respectively.

[Chapter 5 Conclusion] We have obtained the pyridine-based bis(N-heterocyclic carbene)
(CNC) complex of Ag(l), which serves as good carbene transfer reagents. The carbene transfer
reactions yielded Cu(l), Au(l), and Pd(ll) complexes. And, the capture of CO, from air by
ruthenium complexes having a CNC pincer and a bipyridine ligand in KOH-MeOH, resulted in
the methyl carbonato complex. Intermediacy of the methoxido complex was confirmed by

facile CO, uptake of it.
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