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Complexes of molybdenum and tungsten containing the ligands Nz H, N2 Hz 
and N,H,, have been obtained from dinitrogen complexes, and probably rep- 
resent intermediate stages in the reduction of ligating dinitiogen to ammonia. 

We recently reported [ 13 the reduction of dinitrogen in c~s-[M(N~)~ (PMe2Ph), 
(A, M = MO or W) to ammonia by reaction with sulphuric acid in methanol at 

20°C. The reaction is rapid and no intermediate products of reduction could be 
isolated. However, by the use of halogen acids and other tertiary phosphines as 
co-ligands, we have been able to isolate complexes containing dinitrogen in inter- 
mediate stages of reduction, as detailed below. 

Compounds B, containing the hydrazido(2-) form of the NzH2 ligand, have 
been obtained from A according to reaction 1. 

cis- [M(N, )2 (PMe2Ph)4 3 + HX(excess) 3 [MXp (=N-NH2)(PMe2Ph)3] + 

(A) (W 
N3 + [PHMqPh]X (1) 

(M=Mo,X=Cl;-M=W,X=ClorBr) 

This reaction is complete in less than two minutes, a shorter time than for 
the reaction of -4 with sulphuric acid to give ammonia [(A, M = MO) about 4min; 
(A, M = W) about 30 mm], and the NzHz ligand is probably an intermediate on 
the route to ammonia. 

In accord with this view the MeOH/H2 So4 trtiatment of the complex B (M = 
W) gives 1.3-1.6 mol NH3 and 0.05-0.15 mol NzH4 per W atom, whereas B (M = 
MO) gives about half as much NH3 and only a trace of NzH4 per MO atom, closely 
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tungsten because it is difficult to see how it could lead to a greater yield than 
only one NH,/W atom. 

The fact that hydrazine is a minor product even from the N2Hz and NzH3 
complexes indicates a facile mechanism for the splitting of the N-N bond. The 
conversion [2] of the diazene ligand in [WBrz(NH=NH)(dpe),] (E) to the linear 
hydrazido(2-) form in [WBr(=N-NH2)(dpe)l 1’ (F) indicates a mechanism of 
splitting as given below which may be pertinent to the reduction of dinitrogen to 
ammonia in these complexes and .on nitrogenase. 

The conversion of E to F is controlled by the electron requirement of the 
metal [a]. The removal of a bromide ion from the closed shell complex E renders 
the metal electron-deficient, causing proton transfer as in reaction 3. 

t 

+ at--- (3) 

L 

(F) 
(El 

(M = MO or Wf 

Similar conversion in an N2H, complex such as D might also be induced by 
loss of a ligand leading to the formation of a hydrazinium(l-) complex (reaction 
4a). Cleavage of the N-N bond would then be facilitated by the positive charge 
on the terminal nitrogen atom and easy supply of electrons from the metal atom 
(reaction 4b) to give ammonia and a nitride complex which would readily 
hydrolyse to produce the second molecule of ammonia (reaction 4~). 
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