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 (3) DESCRIPTION AND TOPICAL OUTLINE
The replacement of late transition metals by abundant main group elements in catalytic processes has become a thriving area of research. Among such substitutes, Group 13 metal-based complexes are excellent candidates since they are often highly reactive for instance for coupling reactions, radical reactions, cycloadditions, alkenes activations, etc. The coordination chemistry of Group 13 has been so far dominated by complexes in the +III oxidation state. The oxidation state +I is indeed considered to be very unstable, so the corresponding complexes are believed to be difficult to obtain, with the exception of thallium(I) derivatives. Until quite recently, the synthesis of aluminum(I), gallium(I), and indium(I) derivatives in organic synthesis has been limited to a few examples. Although low-valent Group 13 metal-based complexes have appeared more scarcely in the literature, recent years have witnessed an upsurge of examples driven by the use of new ligands and counterions. It has also been recognized that there is a great potential interest in harnessing the highly reactivity nature of low-valent Group 13 metals in catalysis. 
The last 2011 edition of the book entitled “the Group 13 Metals Aluminum, Gallium, Indium and Thallium” described the preparation of a few complexes of Al, Ga, In, and Tl in their +I oxidation state, but no use of these species in catalysis was mentioned. Since then, great progress has been made towards the synthesis of these unusual species, and more and more applications in molecular catalysis or polymerization reactions have been reported.
Thus, a new review on this subject appears timely. Although seminal contributions were reported decades ago, there has been a renaissance of this field over the past 10 years. This new set of papers on this subject suggests that low-valent Group 13 metals could have a considerable impact in a wide array of fields going from small molecules activation to new synthetic methodologies. In particular, this review will highlight how the unique properties of new low-valent Group 13 metal species containing Al, Ga, In, and Tl produced since 2000 can be used to trigger organic transformations. This review will provide a comprehensive summary up to November 2019. Since this review will be focused on low-valent Group 13 metals, boron derivatives will not be included covered.
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1. Introduction (Scope and organization of the review) 
2. Synthesis and evaluation in homogeneous molecular catalysis of aluminum(I)-based complexes
     2.1. Introduction
     2.2. Aluminum(I)-based compounds: synthesis and coordination chemistry
        2.2.1 Neutral, well-defined aluminum(I)-based complexes: compounds containing cyclopentadienyl ligand and its derivatives
        2.2.2 Neutral or anionic well-defined aluminum(I)-based complexes: diallanes.
        2.2.3 Neutral or anionic well-defined aluminum(I)-based complexes
     2.3. Applications of aluminum(I) derivatives in homogeneous (molecular) catalysis
        2.3.1 Aluminum(I)-based catalysts in polymer chemistry
        2.3.2 Aluminum(I)-based catalysts in -Lewis acid catalysis
        2.3.3 Aluminum(I)-based catalysts in oxidation
     2.4. Conclusion
3. Synthesis and evaluation in homogeneous molecular catalysis of gallium(I)-based complexes
     3.1. Introduction
     3.2. Gallium(II) halides: the foundations of the study of gallium(I) derivatives
     3.3. Gallium(I)-based compounds: synthesis and coordination chemistry
        3.3.1 Gallium(I) halides: “GaX” (X = F, Cl, Br)
        3.3.2 “GaI”: a readily accessible gallium(I) source
        3.3.3 Coordination chemistry of “GaI”
        3.3.4 Well-defined gallium(I)-based complexes: the first example
        3.3.5 Neutral, well-defined gallium(I)-based complexes: hypersilylated clusters
        3.3.6 Neutral, well-defined gallium(I)-based complexes: compounds containing cyclopentadienyl                     ligand and its derivatives
        3.3.7 Neutral or anionic well-defined gallium(I)-based complexes: digallanes and cyclogallenes
        3.3.8 Neutral or anionic well-defined gallium(I)-based complexes: gallylenes (gallium-based carbene analogs)


        3.3.9 Cationic gallium(I)-based complexes: arene-based complexes
     3.4. The first cationic well defined gallium(I)-based complexes: the family of the [Ga(arene)n][Al(pftb)4]
        3.4.1 The [Al(pftb)4] anion: synthesis and applications
        3.4.2 Alternative synthesis of [Ag(solvent)n] [Al(pftb)4] and applications
        3.4.3 Synthesis of the [Ga(arene)n][Al(pftb)4] and their reactivity in coordination chemistry
     3.5. Applications of gallium(I) derivatives in homogeneous (molecular) catalysis
        3.5.1 “GaI”: a keystone compound
        3.5.2 Gallium(I)-based catalysts in polymer chemistry
        3.5.3 Gallium(I)-based catalysts in -Lewis acid catalysis
        3.5.4 Gallium(I)-based catalysts in oxidation
     3.6. Conclusion
4.  Synthesis and evaluation in homogeneous molecular catalysis of indium(I)-based complexes
     4.1. Introduction
     4.2. Synthesis of well-defined indium(I)-based complexes
        4.2.1 Indium(I) precursors, weakly coordinating anion-based complexes.
        4.2.2 Indium(I)-based complexes
        4.2.3 Well-defined indium(I)-based complexes
     4.3. Applications of indium(I) derivatives in homogeneous (molecular) catalysis
        4.3.1 Indium(I)-based catalysts in polymer chemistry
        4.3.2 Indium(I)-based catalysts in -Lewis acid catalysis
        4.3.3 Indium(I)-based catalysts in oxidation
     4.4. Conclusion
5. Synthesis and evaluation in homogeneous molecular catalysis of thalium(I)-based complexes
     5.1. Introduction
     5.2. Synthesis of well-defined thallium(I)-based complexes
        5.2.1 Neutral, well-defined thallium(I)-based complexes: compounds containing cyclopentadienyl                     ligand and its derivatives
        5.2.2 Cationic well-defined thallium(I)-based complexes: compounds containing crown ethers, calixarenes and its derivatives
        5.2.3 Cationic well-defined thallium(I)-based complexes: compounds containing weakly coordinated anions
     5.3. Applications of thallium(I) derivatives in homogeneous (molecular) catalysis
        5.3.1 Thallium(I)-based catalysts in polymer chemistry
        5.3.2 Thallium(I)-based catalysts in -Lewis acid catalysis
        5.3.3 Thallium(I)-based catalysts in oxidation
     5.4. Conclusion
6. Conclusions and outlook
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