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Low-valent metals traditionally dominate the domain of catalytic hydrogenation. However, metal-ligand co-
operating (MLC) catalytic systems,[1-2] operating via heterolytic H-H bond splitting by a Lewis acidic metal 
and a basic ligand site, do not require an electron-rich metal. On the contrary, high-valent metals that induce 
weaker back donation facilitate heterolytic bond activation. Recently, we 
reported, for the first time, on the efficient hydrogenation of carbonyl and 
carboxyl compounds under molecular hydrogen catalyzed by a structurally 
well-defined RuIV catalyst bearing a bifunctional PCP pincer ligand (Figure 
1). The catalyst exhibited superior reactivity toward molecular hydrogen 
than the low-valent analog and allowed hydrogen activation even at room 
temperature. Even more importantly, we demonstrated that despite a 
widely accepted concept, high-valent metals are viable candidates not only 
for designing oxidation but also as hydrogenation catalysts, especially 
those operating via nonoxidative bond activation/formation mechanisms.  
In this talk, I will discuss different aspects of (de)hydrogenative transfor-
mations catalyzed by high-valent and low-valent metal-ligand cooperating 
catalysts.[3,4] 
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