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Abstract 

Reaction of trans-[W(N,xCN)(dppe>2]- with Me,SiCH,I in tetrahydrofuran gives a tetrahydrofuranyldiaenide product, trans- 
[W(CN)(NNCHOCH,CH,CH,Xdppe),], the formation of which confirms that N-C bond formation involving reactions between anionic 
dinitrogen complexes and organic halides can occur by a single electron transfer/radical coupling mechanism. The structure of the 
diazenide was established crystallographically. 
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It has been reported recently [l] that certain $- 
metallo-haloarenes react with electron-rich anionic dini- 
trogen complexes [2] truns-[WX(N,)(dppe),]- (dppe = 
Ph,PCH,CH,PPh,; X = NCS or F) to give aryl- 
diazenides. It was proposed that N-C bond formation 
occurred via nucleophilic attack of the terminal N atom 
on the activated aryl halide i.e. an S,Ar mechanism. 
Some of the activated aryl halides were found to react 
with the anionic dinitrogen complexes by an alternative 
pathway, single electron transfer, and failed to give 
diazenide products. From this it was inferred that rapid 
formation by electron transfer of WI-N, intermediates 
precluded N-C bond formation. 

This contrasts with earlier studies [2,3] on the alkyla- 
tion of anionic dinitrogen complexes which proposed a 
single electron transfer/radical coupling mechanism to 
account for both N-C or C-C bond formation reac- 
tions. For example, (i) trans-[Mo(N,)(XXdppe),]- (X 
= CN or NCS) reacts with BuI to give rrans- 
[Mo(N,Bu)(XXdppe), 1, the reaction is first order in 
complex and in alkyl halide and proceeds with retention 
of the fruns ligand [2]; (ii) trans [M(N,NCN)(dppe),]- 
(M = MO or W) gives thermally unstable truns- 
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[M(N, )(CN)(dppe),] and dibenzyl upon reaction with 
PhCH ,Cl in tetrahydrofuran (thf), truns-[MCl- 
(CN)(dppe),] being the final stable metal product [3]. 
The kinetics and nature of the products of these reac- 
tions were rationalised by invoking a common initial 
single electron transfer step which gives a metallo-radi- 
cal and a carbon radical. The reactive butyl radical 
attacks truns-[M(N*)(X)(dppe),] to give the diazenide, 
whereas the less reactive benzyl radical dimerises to 
give dibenzyl. Such pathways have a parallel in the 
reactions of alkyl or benzyl halides with truns- 

[M(N,),(dppe),]. These have been shown unequivo- 
cally to involve co-generation of metallo-radicals and 
carbon radicals; this occurs by dissociation of one N, 
ligand and thence homolytic RX cleavage at the ex- 
posed metal site [4]. Nevertheless, an alternative inter- 
pretation is possible: benzyl chloride reacts by a single 
electron transfer but butyl iodide undergoes S, 2 substi- 
tution to form the diazenide, i.e. the formation of diben- 
zyl does not necessarily signal an electron transfer/ 
radical coupling pathway in the N-C bond forming 
reactions of other organic halides [ 11. 

We now present evidence which shows that anionic 
dinitrogen complexes can form N-C bonds with alkyl 
halides via an electron transfer/radical mechanism. 
Me,SiCH,I reacts with truns-[W(CN)(N,)(dppe)z]- 
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A in thf to give the tetrahydrofuranyldiazenide deriv- 
ative B, Eq. (1). Recrystallisation of the product 
from CH 2C12-Et20, gave rrans-[W(CN)(NN- 
(?HOCH,CH,CH,)(dppe),] as orange needles in 41% 
yield. Analytical and spectroscopic data are consistent 
with the formulation and the structure of B was unam- 
biguously established by X-ray crystallography [5]. 

@an+[W(CN)(N,)(dppe)z] - 

1 
Me,SiCH,l/thf 

(A) 

trans-[W(CN)(NNCHOCH,CH,CH,)(dppe),](B) 

(1) 

Fig. 1 shows a view of B: bond angles C(5 l)-N(5 l)-- 
N(5) = 119.2(12)” and W-N(5)--N(51) = 168.5(1 l>” are 
typical of singly bent diazenido-complexes and thz W- 
N(5) and N(5)-N(5 1) bond lengths of 1.846(12) A and 
1.28 l( 17) w respectively are unexceptional [6,7]. 

The formation of the solvent derived product B is 
indicative of an electron transfer/radical mechanism. 
Thus, single electron transfer leads to the generation of 
the radical Me,SiCH,, abstraction an (Y H atom from 
thf by this radical, and thence N-C coupling of the 
daughter tetrahydrofuranyl radical with the conjugate 
W’ intermediate rruns-[W(N, )(CN)(dppe), ] yields B, 
Scheme 1. Similar products arising from the generation 
of thf daughter radicals have also been isolated from 
reactions of trans-[M(N,),(dppe),] with alkyl halides 
[4,7]: B provides the first structurally authenticated rep- 
resentative of this type of compound. 

In conclusion, it is evident that anionic dinitrogen 
complexes can react with organic halides to form N-C 
bonds by at least two pathways, viz, single electron 
transfer/radical or nucleophilic substitution. The forma- 

Fig. 1. Shows a view of B. 
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Scheme 1. 

tion of a M’ dinitrogen intermediate does not necessar- 
ily preclude N-C bond formation but, in the case of the 
radical pathway, is of course, a prerequisite. 
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