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Transition metal complexes with sulfur ligands 
Part LXVIII”. Side-on N2H3 and N2HR2 in metal sulfur complexes: 
[M(NHNR,)(NO)(‘S,‘)] (M = MO, W; R = H, CH3; ‘S4’*- = 
1,2-bis(2-mercaptophenylthio)ethane(2 - )) 
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Abstract 

NzHs, a potential intermediate of N2 reduction, has been stabilized by metal sulfur ligand fragments. 
The reaction of [M(Cl)(NO)(‘S:)] (M=Mo (l), W (2); ‘Si’- = 1.2bis(2-mercaptophenylthio)ethane- 
(2-)) with hydrazines yields the hydrazinyl complexes [M(NHNR,)(NO)(‘S,‘)] (M =Mo, R=H (3a), 
Me (3b); M= W, R=H (4a), Me (4b)). 3b was characterized by X-ray structure analysis (monoclinic, 
P&/c, Z= 4, a = 1162.3, b = 1228.4, c = 1476.3 pm, p= 98.47”, R(R,) =0.087(0.072)). The molybdenum 
centre is surrounded by four sulfur and three nitrogen atoms in a distorted pentagonal pyramid. The 
gSMo NMR chemical shift of 3b is compatible with a MO(B) centre indicating that in the reaction 
between 1 and NH,NMe, reduction of 1 takes place and the NHNRZ ligands must be regarded as 
neutral hydrazinyl residues. The parent [M(NHNH,)(NO)(‘S,‘)] complexes are very labile. 3a easily 
loses NzHs and gives [Mo(NO)(~-‘!&‘)]~ (5). The structure of 5’2DMF was determined by X-ray 
crystallography (triclinic, Pl, 2 = 1, a = 859.1, b = 1064.1, c = 1165.3 pm, LY= 70.18, p = 78.51, y= 76.26”, 
R(R,) = 0.066(0.053)). The seven-coordinate MO centres are surrounded by five sulfur, one molybdenum 
and one nitrogen atom. The MO atoms of the two enantiomeric [Mo(NO)(‘S,‘)] fragments are connected 
via two thiolato S atoms and a Mo-MO single bond. 

Introduction 

The reduction of Nz to NH3 by way of enzymatic 
Nz fixation in nitrogenases is still a rather ill under- 
stood chemical process. It probably takes place at 
iron and/or molybdenum centres whose coordination 
sites are dominated by sulfur donors [2]. Interme- 
diates are suggested to be N,H, species where x 
ranges from l-4 comprising the diazene as well as 
the hydrazine stage of N2 reduction. NzH2 which is 
one of the key intermediates because of its extreme 
instability in the free state was proved to be stabilized 
by metal sulfur ligand fragments [3], but as yet no 
complex is known in which the likewise unstable 
NzH3 is stabilized by coordination to metal sulfur 
sites. N2H3 complexes are very rare and the only 
two examples in which the occurrence of NzH3 was 
proved by X-ray crystallography are [W($- 

*For Part LXVII see ref. 1. 
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CSMeS)Me4($-NHNH2)] and [W($-CSMes)Me,(q2- 
NHNH-J][S03CF3] [4]. Further complexes that very 

probably contain the N2H3 ligand are 
[Mo(HB(Mezpz)3}(NO)I(n1-NHNH~)](Me2pz=3,5- 
dimethylpyrazolyl) and [W{HB(Me,pz)2(3,5-Me,-4- 
BrC,N,)}(NO)Br(q’-NHNH2)] [S]. Complexes with 
NzR3 ligands are only slightly more common [6]. 
Examples are [Re(Cl),(q’-NHNHCOPh)(NNH- 

COPh)(PPh&] [7a], [Tc(Br)2(PPh3)2(NNPh)(q1- 
NHNHPh)]Br [7b], [CpTi(Cl)2($-NHNMe2)] [7c], 
[Mo(q2-NHNHC0,Me)(NNC02Me)(S2CNMe2)2] 
[7d], [Mo(Cp)(NO)I(q’-NRNR’R”)] (R=H, alkyl; 
R’ = H, alkyl, aryl; R”= alkyl, aryl) [7d] and 
[W(Cp)2(q2-NRNHz)]BF4 (R =p-XC6H4; X = H, F, 
Me, OMe) [7e]. In all complexes the site of coor- 
dination carries little or no resemblance to the active 
sites of nitrogenases with respect to metals and sulfur 
donors. In this paper the first complexes are described 
in which NzH3 and N2HR2 residues coordinate to 
molybdenum sulfur sites. 
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gles in both isomers are almost identical, including 
the MeMo distances which differ only by 3 pm. 

Conclusions 

The hydrazinyl complexes [M(NHNH,)(NO)(‘S,‘)] 
(M = MO (3a), W (4a) have been synthesized. They 
are labile, but could be fully characterized by IR, 
NMR and mass spectroscopy. According to the NMR 
spectra their structure is analogous to that of 
[M(NHNMe,)(NO)(‘S,‘)J (M= MO, W). The molec- 
ular structure of [Mo(NHNMe,)(NO)(‘S,‘)] (3b) was 
solved by X-ray structure analysis. 3b exhibits a ‘side- 
on’ NHNMe, ligand coordinating to a metal site 
whose coordination sphere is dominated by sulfur 
donors. In that respect 3a and 3b represent structural 
and functional models for the active sites of nitro- 
genases. When the labile 3a loses NHNH2, the 
remaining complex fragments dimerize and form 
[Mo(NO)(p-‘&‘)I2 (5). The molecular structure of 
5 .ZDMF was solved by X-ray structure determi- 
nation. 

Supplementary material 

Further details of X-ray crystal structure analysis 
have been deposited and can be obtained from the 
Fachinformationszentrum Energie, Physik, Mathe- 
matik, D-7514 Eggenstein-Leopoldshafen 2 by citing 
the deposition nos. CSD 320195 (5) and CSD 320196 
(3b), the authors and reference. 
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Note added in proof 

Another structurally characterized N2H, complex has 
been published recently: F. Vogel, A. Barth, G. Huttner, 
T. Klein, L. Zsolnai and R. Kremer, Angew. Chem., 103 
(1991) 325; Angew. Chem., Int. Ed. Engl., 30 (1991) 303. 


