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Among a variety of dinuclear organometallic complexes, complexes having a triplet ground state are very rare
though they are considered to be an important class of reactive organometallic compounds. A considerable effort
has been made to explore and understand their chemistry. To date, most of these investigations have focused on
theoretical studies on the electronic structure; only a few have focused on their structure and reactivities. There are
several reasons for this lack, one is the necessity of the existence of stringent steric protection for these highly
reactive species. This paper addresses the influence of the substituents and the size of the bridging atoms on the
ground state spin multiplicity of the resulting dinuclear complexes. Also described are the reactivity of the triplet

complexes towards 2-electron donor ligands.
In Chapter 2, the yield of the previously reported triplet silylene-bridged complex, Cp:Fes( p-CO).[ 1-Si(2,4,6-

C:H.Me:).] (1), was doubled (45%) by carrying out the photolysis of CpFe(CO).CH; (2) with H.Si(2,4,6-C;:H.Me;),

(3) in a CO-free system (eq. 1). Photolysis of a pentane solution of 2 with less sterically congested diarylsilane,



H.Si{2.4.6-CsH.(OMe);}. (3). gave a singlet complex with three CO ligands, Cp.FeCO).(1-CO){x-Si[2,4,6-
C:H,(OMe):).} (trans-4) (eq. 2). Decarbonylation of frans-4 by irradiation under continous removal of CO did not
give the expected doubly CO-bridged complex, presumably because the steric bulk of the 2.4,6-trimethoxyphenyl
substituents is not enough to stabilize such complexes. Photolysis of CpFe(CO).CH; (2) with diarylgermane
H.Ge(2,4,6-CiH.Me;). (5) afforded a mixture of a diamagnetic complex, Cp.Fes(CO).(1-CO)| 12-Ge(2,4,6-CiH:Me). |
(trans-6), and a paramagnetic complex, Cp;Fe:(lu—CO);[/z-Ge(2,4-,6—C(;H_)Me;;]3} (7). Complex 7 was isolated in 13%
yield when the irradiation was performed with removal of CO gas (eq. 3). In the case of more sterically congested
diarylgermane H.Ge(2,4,6-CiH.'Pr3). (8), only doubly CO-bridged complex Cp.Fexu-CO).[-Ge(2,4,6-CsH. Pr;).]
(9) was formed and isolated in higher yield; 47% (eq. 4). These results support the notation that the bulkiness of the
substituents on the bridging atom plays a crucial role in the preferred structure of the formed complexes. X-ray
crystal structures of triplet complexes 1 and 9 showed a conspicuous shortening of the Fe—Fe bond distances
(2.2990(8) A for 1 and 2.3103(6) A ) for 9 which are comparable to the known Fe —Fe double bonds (2.2~2.4 A).
The molecules have a C, symmetry. The effective magnetic moments of paramagnetic silylene- and germylene-
bridged complexes 1, 9, and Cp.Fes(z-CO)[ ¢2-Si(2,6-C:H:Et).] (10) are nearly constant within 2.8—2.9 x4 (from
50—300 K) which agree well with the theoritical value (2.83 1 ) expected for spin-only moment with S = 1,
namely triplet state. The triplet ground state originates from the low splitting energy of the two HOMOs compared to

the electron pairing energy to let them both half-filled.

In Chapter 3, the photochemical reactions of secondary stannane R.SnH, [11, R = 2,4,6-C:H,(CH); (Mes); 12, R
= 2,4,6-C,H.Pr;] with Cp'Fe(CO).Me [2, Cp’ = 5 -C;H; (Cp); 13, 5 -C:Me: (Cp*)} were described. In contrast
with the silicon and germanium cases, the photorcaction of 2 and diarylstannane with the same substituents afforded
only singlet complexes, Cp.Fe.(CO).(1-CO)(-SnR.) (frans-14, R = Mes; trans-15, R = 2.4.,6-C:H,Pry) in 40% and
35% yields, respectively (eq. 5). No sign of formation of the corresponding triplet complexes was observed even
when the more sterically hindered complex 15 was irradiated alone with continuous removal of CO. These results
underscore the notation that relatively subtle changes in the size of the bridging ligand have a strong effect on the
preferred structure of the resulting complexes. That is, the larger the bridging unit, the longer the Fe-bridging ligand
distances and so less efficient the steric protection of the highly reactive metal centers. The photolysis of the much
bulkier Cp* complex 13 with diarylstannane 11 or 12 did not afford any stannylene-bridged complexes but an iron
dimer Cp*.Fe.(CO), in case of the latter and a monoiron complex Cp*Fe(CO).SnHMes. (16) in case of the former
(eq. 6) were formed. These results reflect the effect of the steric bulk of the ligands on the iron complex on the
preferential structure of the products, The highly thermodynamic and kinetic stabilization conferred by the bulky
Cp* and mesityl ligands were reflected on the pronounced stability of 16. That is, complex 16 was so stable under

photolysis conditions alone or in the presence of the iron complex 13.

In Chapter 4, the reactivities of triplet silylene- and germylene-diiron complexes was investigated. It was found
that the reactivity depends not only on the size of the bridging ligand but also on the steric bulk of the substituents on
the bridging atom. In general, germylene-bridged complexes are less stable compared with their silylene analogues.
The presence of the bulky triisopropyl phenyl substituents in Cp.Fe.(1-CO).[ /:-Ge(2,4.6-CH.'Pr;).] (9) confer high
stability and low reactivity. That is, complex 9 is highly stable and showed sluggish reactions towards most reagents
(CO, H., disulphides). The only reactivity pattern of 9 that was clarified was the one with '‘BuNC giving

Cp-Fe,(COY'BuNC)(1-CO)-Ge(2,4.6-C;HoPr).] (trans-17) in 73% isolated yield (eq. 7). Germylene-bridged
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complex Cp.Feu(1-CO)[1-Ge(2.4.6-C:H:Me.).} (7) with relatively less bulkier mesityl substituents was found to be
extremely reactive to moisture and air. It quantitatively added CO to give Cp.Fe(CO).(x-CO){/:-Ge(2.4.6-
CiH:Me;).] (trans-18). The reaction of 7 with '‘BuNC afforded an isocyanide adduct Cp.Fe.(CO)('BuNC)(.-CO)
[1-Ge(2,4,6-CiH.Me)s] (trans-19) in 57% isolated yield (eq. 8). The silylene-bridged complex Cp.Fe.(#-CO).
[-Si(2,4,6-CsH:Mes).] (1) was tound to be a promising model for studying the reactivity of triplet complexes (i.e.
high isolated yield and moderate stability). Reaction of 1 with 'BuNC gave a mixture of c¢is and trans (5 : 4 ratio)
isomers Cp.Fe.(CO)('BuNC)(1-CO)[2-Si(2,4,6-CsH.Me;)-] (20) in 90% yield (eq. 9). liradiation of terminal
isocyanide complexes 17. 19, and 20 gave the ancestry triplet complexes 9, 7, and 1. respectively. The reaction of 1
with 2.6-xylylisocyanide gave Cp.Fe.[-CN(2,6-C:H:Me.)[(CO).-Si(2.4.6-CsH.Mes).| (trans-21) with the
xylylisocyanide ligand occupying the bridging position (eq. 10). Photolysis of complex 21 afforded a mixture of 1
and Cp.Fe,[:-CN(Z,6-CH.Me:)]:[ -Si(2,4,6-CsH.Me;):1(22) from which compex 22 was isolated in 38% yield (eq.
11). Complex 22 was found to be paramagnetic, and the NMR spectra exhibit the characteristic paramagnetic shifts
and line broadening. The structure of 22 was confirmed by X-ray crystal structure analysis. Interestingly, one of the
isocyanide ligands is slightly bent while the other one is largely bent. Complex 22 is the first paramagnetic dinuclear

complex doubly bridged by isocyanide ligands.
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