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Fixation of Nitrogen by a TiCl,-Mg System. Isolation and Properties of 
Titanium Complexes Containing Reduced Nitrogen 

By AKIO YAMAMOTO,* MASAHARU OOKAWA, and SAKUJI IKEDA 
(Rmm*cJr Labovatory of Resources Utilizatiolz, Tokyo Institute of Technology, Ookayama, ,Weguro, Tokyo, J a p m )  

S w m z a y ~  From a system of TiCl,, tetrahydrofuran, 
~nagriesiiim, and nitrogen, titanium complexes containing 
reduced nitrogen have been isolated. 

WE re-.>ort the isolation and properties of titanium com- 
plexes containing reduced nitrogen. 

A nitrogen-containing complex was prepared by reducing 
TiCl,, 3THF (THF = tetrahydrofuran) with magnesium 
in THI; in an atmosphere of nitrogen at  room temperature 
and nornial presure.1 The solution absorbs half a mole of 
N,, consuming 2.5 g.-atoms of magnesium per titanium, 
with evolution of heat and with a colour change from light 
blue to black. From a comparative study with stepwise 
additicns of sodium amalgam to TiC1,,3THF it was 
concluded that the reaction of nitrogen with the titanium 
complex takes place when the bivalent titanium complex 
is From the THF solution, benzene-insoluble 
MgCl,, 2THF was recovered. A benzene-soluble diamag- 
netic c omplex of composition [TiNMg,Cl,,THF] (I) was 
isolated as black air-sensitive powder which gives one mole 
of NH, per titanium on hydrolysis. In contrast to the 
N,-co-ordinated Group VIII transition-metal complexes, 
(I) releases no N, on pyrolysis a t  200". The overall reaction 
can be expressed by: 

TiCl3,3THF + gMg + +N, -+ 

[TiNMg,CI,,THF] + $MgC1,,2THF 

(1) 

The in agnesiuni in (I) can be partly or completely removed 
by addition of various reagents. The addition of pyridine 
to (I) in THF led to the formation of a black complex of 
composition [TiNMgCl,.,,py] (11) and MgCl,,Zpy. The 
reactica of (I) with bipyridyl in THF gave zerovalent 
Mg(bipy), obtained as dark reddish violet needles and 
black powder with a composition [TiNMg,.,Cl,, 1*5bipy, 
THF] (111). The magnesium in (111) could be further 
removf3ct by the reaction with pyridine as MgC1,,2py 

Ieaving a titanium complex [TiNMgCl py] (IV). Complete 
removal of the magnesium from (I) was achieved by 
reaction with benzoyl chloride. Magnesium was removed 
as MgC1,,2THF and a dark green powder of composition 
[TiNCl(COPh) 1.5] (V) was obtained. These titanium- 
nitrogen complexes were not obtained as crystals but are 
considered homogeneous as far as one can judge from 
column chromatography of the THF solutions using 
sucrose, MgCO,, or Na,CO,. 

The TiCl,-THF-Mg system reacts with molecular 
hydrogen as well as with nitrogen, absorbing over 3 moles 
of H, per titanium at  room temperature and atmospheric 
pressure. The nitrogen complex (I) in THF solution in the 
presence of magnesium also reacts with hydrogen under the 
same conditions. The reaction is slow but continues as 
long as an excess of magnesium is present; in the absence of 
magnesium no reaction takes place. Unreacted magnesium 
and magnesium hydride separated from the THF s ~ l u t i o n , ~  
as proved by the evolution of hydrogen on reaction with 
iodine. The THF-soluble fraction contained MgCl,,BTHF 
and a titanium complex which was isolated as a black 
benzene-soluble powder of composition [TiNMg&l,.,H,,- 
2THFl (VI). The presence of two hydridic hydrogens in 
the complex is supported by the evolution of 1-0 mole of 
hydrogen per titanium on reaction of the complex with 
iodine. The reaction with dry hydrogen chloride also 
liberates hydrogen. 

Each of these complexes (1)-(VI) liberates one mole of 
ammonia per titanium on hydrolysis. The i.r. spectra of 
these complexes above 400 cm.-f showed no distinct band 
assignable to the N, stretch or metal-nitride stretch. Two 
structures are possible which are compatible with the i.r. 
spectra and the chemical behaviour of the complexes : 
(1) an N,-bridged binuclear structure with low N-N bond 
order; and (2) a nitride structure with low Ti-X bond order. 
It seems certain that the bound nitrogen is in a considerably 
reduced state, as it readily reacts with protic reagents such 
as water, alcohol, and hydrogen chloride, liberating 
ammonia. 
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One remarkable feature of the present system is its the reduced nitrogen is noteworthy in view of the suscepti- 
capacity for activating both molecular nitrogen and bility of the nitrogen-titanium complexes to attack by 
hydrogen under mild conditions. The incorporation of protic reagents. 
hydrogen into the titanium complex as a hydride and the A similar system composed of VCI, and magnesium in 
succeeding transfer to magnesium without reaction with 

(Received, April  28th’ 1969; Corn. 570.) 

This system was reported by S. Go, K. Soga, Y. Hattori, and T. Keii at  the 21st Annual Meeting of the Chemical Society of Japan, 

Recently the formation of sodium hydride by a, titanium compound-sodium naphthalenide-H, system was reported; E. E. van 

THF is also active in nitrogen fixation. 
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