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Dinuclear transition-metal complexes bearing silyl-containing multidentate ligands are expected to show high
reactivity towards bond activation because this reactivity is possibly enhanced by cooperative effect of not only two
metal centers but also silyl ligand moieties that possess both strong c-donating ability and strong trans influence.
Furthermore, due to this strong trans influence, dimetallic cores bearing silyl coordinating moieties are also expected to
have some specific structural and electronic features caused by weakening of metal-metal or metal-element bond(s)
located trans to the silyl silicon atoms. In this study, | developed an unprecedented 1,8-naphthyridine-based ligand
having two coordinating moieties in substituents at the 2,7-positions for the synthesis of dinuclear transition-metal
bis(silyl) complexes. For that purpose, | designed SiNNSi-type tetradentate ligand precursors, namely
2,7-bis[(dialkylsilyl)methyl]-1,8-naphthyridine (abbreviated as "NBSi(H)z), to synthesize dinuclear complexes A (eq.
1). As a representative reaction system to investigate the catalytic performance of one of the complexes A, | selected the
reactions of alkynes with hydrosilanes.

In Chapter 2, details of the experimental results of the synthesis of RNBSi(H), were described (eqg. 2). The first
example of a 1,8-naphthyridine-based ligand precursor bearing (hydrosilyl)methyl groups at the 2,7-positions, i.e.
tBUNBSi(H), (1a), was successfully synthesized by six-step reactions from 2-aminopyridine via
2,7-dimethyl-1,8-naphthyridine B as an intermediate (eq. 2). On the other hand, when a silyl group with less bulky

isopropyl substituents was used, compound 1b bearing a bis(diisopropylsilyl)methyl group at the 2-position of the



Gl 5)

(NO. 2)
1,8-naphthyridine ring was obtained as the main product. This result indicates that the bulkiness of substituents on Si is

crucial for selective synthesis of the desirable ligand precursor RNBSi(H)..

In Chapter 3, details of the examinations of the reactions of Rus(CO)12, Re2(CO)10, and [IrCl(coe)z]. with a
ligand precursor la to synthesize the target dinuclear complexes A and structures of products obtained from the
reactions were described (egs. 3 and 4). Diruthenium(ll,I1) complex (*BYUNBSi)Ruz(u-H)2(CO)s (2) was successfully
synthesized by a thermal reaction of ligand precursor 1a with 2/3 molar equiv. of Rus(CO)1. (eq. 3). Crystal structure
analysis of 2 revealed that the Si-Ru-Ru-Si linkage adopts a zigzag arrangement. A DFT optimized structure of a
simplified model complex of 2, i.e. (M®NBSi)Ruz(u-H)2(CO)4, clearly showed that each of the two hydrido ligands
asymmetrically bridges two Ru atoms where the Ru-H bonds trans to Si are longer than those trans to CO evidently due
to strong trans influence of the silyl ligand moieties.

Photoirradiation of a benzene solution of complex 2 resulted in the formation of an air stable
(hexacarbonyl)diruthenium(l,1) complex (*B“NBSi)Ru(CO)s (3) as a dark brown powder (eq. 3). The change of the
oxidation number of each of the Ru centers from +2 (complex 2) to +1 (complex 3) indicates that *BNBSi is able to
support dinuclear ruthenium cores with some different oxidation states. The Si-Ru-Ru-Si linkage in 3 adopts a roughly
linear arrangement in which each of the silyl silicon atoms is located trans to the Ru-Ru bond. Two RuN(CO)s
fragments are mutually twisted around the Ru—Ru bond due to the steric repulsion between CO ligands, and the Ru-Ru
bond in 3 (2.8579(3) A) is elongated in comparison with those of related Ru, complexes with 1,8-naphthyridine-based
ligands (normally shorter than 2.7 A), obviously because of strong trans influence of the silyl ligands.

On the other hand, reactions of 1a with Re,(CO)10 under photoirradiation and with [IrCl(coe).]. under heating at
90 °C gave mononuclear complexes [FB“NBSi(H)]Re(CO)4 (4) and [*BUNBSi(OH)]Ir(H)Cl(coe) (5), respectively,
instead of dinuclear ones (eq. 4).

In Chapter 4, the catalytic activity of diruthenium complex 2 toward the reactions of alkynes with triethylsilane and
diethylsilane was described (eq. 5). Complex 2 was found to catalyze both hydrosilylation and semihydrogenation
reactions of alkynes with triethysilane and diethylsilane, respectively (eq. 5). In the latter reaction, dehydrogenative
coupling of diethylsilanes is considered to occur first to generate dihydrogen that is subsequently used for the

semihydrogenation.
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