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Abstract Rare-earth elements include scandium, yttrium and fifteen lanthanides. Since Wilkinson and Birmingham re-
ported the fist example of rare-earth organometallic complex, the chemistry of rare-earth organometallic complexes has had a
great advance during the past sixty years. A variety of Cp containing rare-earth metal complexes, including mono-Cp, bis-Cp,
and tri-Cp complexes, have been synthesized. Variation of the size of substituent on Cp ring, introducing the nitrogen or oxy-
gen containing pendant arm to Cp ring or using ansa bis-Cp ligands make the synthesis and stabilization of these three types
of rare-earth metal Cp complexes available. The Cp related ligands, such as indenyl and fluorenyl, also have been applied for
the rare-earth organometallic complexes. From 1990’s, there was a tendency to explore the rare-earth organometallic com-
plexes with ancillary ligands beyond Cp and its derivatives in order to search for more efficient rare-earth metal catalysts.
Non-Cp ligands, such as biphenolates, f-diketiminates, amidinates, guanidinates, efc. have been introduced into the chemistry
of rare-earth organometallic complexes, and a larger number of non-Cp rare-earth organometallic complexes have been syn-
thesized and characterized. The application of non-cyclopentadienyl ligands not only resulted in the rare-earth organometallic
complexes with new structural features, but also the catalysts with high activity and high selectivity for the polymer synthesis
and organic synthesis. The rare-earth organometallic complexes catalyze homo- and co-polymerization of olefins as well as
specific polymerization of dienes and polar monomers. The discovery of the catalytic system composed of the neutral
rare-earth metal dialkyls/borate enables to synthesize some interesting polymers which are difficult to be prepared by using
other catalytic system. The rare-earth organometallic complexes are also able to catalyze some important organic reactions,
such as hydroamination, hydrophosphinylation, and hydroalkoxylation, efc. Different from the late-translation metal cata-
lyzed organic reactions, most of the rare-earth metal catalyzed ones do not involve oxidative addition and reductive elimina-
tion steps. The review describes some important developments of the chemistry of rare-earth organometallic complexes in the
past sixty years.
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Figure 32 Synthesis of bis(guanidinato) rare-earth metal hydrides
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Figure 33 Synthesis of mono(guanidinato) rare-earth metal dialkyl
complexes
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Figure 34 Coordination model between amidinato monoanion and
metal ion
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Figure 35 Synthesis of bis(amidinato) yttrium complexes
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Figure 36 Reactivity of bis(amidinato) yttrium alkyl complex

[PhNMe,H][B(CeHs)4]
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Figure 37 Synthesis of cationic mono(amidinato) rare-earth metal mono(alkyl) complex
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Figure 38 Selective polymerization of isopropene catalyzed by cationic
mono(amidinato) yttrium mono(methylaminobenzyl) complex
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Figure 39 Bulky aminopyridine
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Figure 40 Intramolecular C—H activation of yttrium alkyl complex
supported by bulky aminopyridinate ligand
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Figure 41 Synthesis of iminopyrrolyl rare-earth metal alkyl complexes
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Figure 42 Synthesis of 2,5-bis(imino)pyrrolyl yttrium amide
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Figure 43 Redox reaction of trivalent europium amide with pyrrolyl
functionalized secondary amine
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Figure 44 Reaction of Trinuclear yttrium hydride supported by Tp P\/ P
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Figure 45 PNP ligand, PNP lutetium bridged phosphinidene complex
and PNP Sc-Al bridged methylene complex
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Figure 46 Neutral and cationic trinuclear rare-earth metal hydrides
supported by PNP ligand
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