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1. Introduction 
   Development of nitrogen fixation under ambient conditions is one of the most 
important subjects in chemistry.   In contrast to the energy-consuming Haber-Bosch 
process, where extremely drastic reaction conditions are required in order to activate 
dinitrogen by the use of Fe-based heterogeneous catalysts, biological nitrogen fixation is 
well known to occur at ambient temperature and pressure.   Although the X-ray 
structural model has recently been reported for the FeMo-cofactor, the site for the 
conversion of dinitrogen to ammonia, of FeMo nitrogenase, the precise reaction 
mechanism still remains unclear.    
   Synthesis of transition metal-dinitrogen complexes and stoichiometric transformation 
of their coordinated dinitrogen into ammonia and hydrazine have so far been well 
investigated toward the goal of achievement of nitrogen fixation under ambient 
conditions.   In sharp contrast to a lot of studies on the stoichiometric reactivity of 
transition metal-dinitrogen complexes, there are only a few examples of the catalytic 
transformation of dinitrogen using these complexes under ambient reaction conditions.   
In 2003, Schrock and his co-worker reported the molybdenum-catalyzed direct conversion 
of dinitrogen into ammonia by using a molybdenum-dinitrogen complex bearing 
triamidoamine as a ligand, where 8 equiv of ammonia were produced based on the 
catalyst.1   After Schrock’s report, there is no example on the catalytic conversion of 
dinitrogen into ammonia under ambient conditions.    
   As an extension of our study on the development of novel nitrogen fixation system 
under mild reaction conditions,2 we have now found the molybdenum-catalyzed reduction 
of dinitrogen into ammonia under mild reaction conditions by using a dinitrogen-bridged 
dimolybdenum complex bearing a tridentate PNP-type pincer ligand as a catalyst.3   
The result is presented here. 
2. Results and Discussion 
   The catalytic reduction of dinitrogen into ammonia by using a diamagnetic 
dinitrogen-bridged dimolybdenum complex [Mo(N2)2(PNP)]2(μ-N2) (1a) was investigated 
according to the following procedure.   To a suspension of 1a and 2,6-lutidinium 
trifluoromethanesulfonate (96 equiv to 1a; [LutH]OTf; Lut = 2,6-lutidine; OTf = 
OSO2CF3) as a proton source in toluene was added a solution of cobaltocene (72 equiv to 
1a; CoCp2; Cp = η5-C5H5) as a reductant in toluene via a syringe pump at room 
temperature over a period of 5 h, followed by stirring at room temperature for another 15 
h under an atmospheric pressure of dinitrogen (Scheme 1).   After the reaction, 
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ammonia (11.8 equiv to 1a; 5.9 equiv to Mo atom in 1a) was catalytically formed together 
with the formation of dihydrogen (13.4 equiv to 1a).   Ammonia and dihydrogen were 
formed in 49% and 37% yields, respectively, based on the cobaltocene.   Especially, 23.2 
equiv of ammonia to 1a (11.6 equiv of ammonia to Mo atom in 1a) were produced when CoCp2 (216 
equiv to 1a) and [LutH]OTf  (288 equiv to 1a) were used as a reductant and a proton source, 
respectively.    
   We propose the reaction pathway 
for this catalytic reduction of 
dinitrogen into ammonia as shown in 
Scheme 2.   At first, the protonation 
of one of the two molybdenum atoms 
in 1a occurs to give the mononuclear 
dinitrogen complex (A) and hydride 
complexes.   Then, A is protonated to 
give the hydrazido complex (B).   
Further reaction of B gave the 
hydrazidium complex (C), where the 
bond fission of nitrogen-nitrogen 
atoms occurs to give the nitride 
complex (D) together with ammonia.   
Further reduction and protonation of 
the nitride complex D give the 
corresponding ammonia complex (E), which liberates another ammonia by the reaction 
with another dinitrogen and regenerates the starting dinitrogen complex A.    
Conclusion 
   We have found that the dimolybdenum-dinitrogen complex bearing PNP pincer ligand 
1a works as an effective catalyst for the formation of ammonia from dinitrogen, where 23 
equiv of ammonia were produced based on the catalyst (12 equiv of ammonia were 
produced based on the Mo atom in the catalyst).   In addition to the Schrock system, this 
is another successful example of the catalytic and direct conversion of dinitrogen into 
ammonia under ambient reaction conditions.   We believe that the result described in 
this paper provides valuable information to develop more effective nitrogen fixation 
system under mild reaction conditions.    
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