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Abstract 

[WH,(C-=CR),(dppe),] (R = Ph or COZMe; dppe = Ph,PCH&H,PPh,) react 
with HBF, to give [WF(-CCH,CO,Me)(dppe),] and [WF(=CHCH,Ph)(dppe),]BF,; 
the X-ray structure of [WH,(CSCO,Me),(dppe),] is reported. With HBF,, 
[MoH,(dppe),] reacts with R’CO,GCH (R’= Me or Et) to give [&IoH2{CH= 
C@)OR’}(dppe),]BF,, but with HBr, [MoBrH,(CH=CHR’)(dppe)J are formed, 

As part of our studies of the reactions of nitrogenase substrates at dinitrogen 
binding sites, we have investigated the behaviour of alkynes and have demonstrated 
the tendency for isomerisation to occur at the {ReCl(dppe), } centre to give 
complexes of allene and vinylidene ligands [l]. In contrast, the dominant reaction 
which occurs at the (M(dppe), } (M = MO or W) centre is oxidative addition to 
form hydridoalkynyl and alkynyl complexes [2] (reactions i and ii of Scheme I). We 
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Fig. 1. Molecular structure of [WH2(GCC02Me)2(dppe)z]. Selected molecular dimensions (with e.s.d. 
in parentheses) are: W-P(l) 2&Q(6), W-P(2) 2.488(5), W-P(3) 2.470(S), W-P(4) 2.5&I(6), W-C(%) 
2.04(2), W-c(61) 2.04(3), W-H(?) 1.52(12), W-H(8) 1.56(U), C(51)-C(52) 1.22(3), C(61)-C(62) 1.24(4) 
A; H(7)-W-C(51) 77(4), H(S)-W-C(61) 70(4), W-C{51)-C(52) 172.8(16), W-C(61)-C(62) 174.5(20)*. 

report preliminary results of an X-ray study * of one member of the hydride series, 
[WH,(CkCC02Me),(dppe)2]. The rapid deterioration of the crystal during data 
collection limited the overall accuracy of the final structure, but it clearly has square 
antip~smatic coordination geometry, as shown in Fig. 1, the legend to which 
includes selected bond angles and distances. 

* Crystal data for [WH~(~~O~Me)~{dppe)~]*thf. &H5604P4W.C,H,0, M=1221.0. Triclinic, 
space group PI (no. Z), a 11.751(4), b 20.737(4), c 12.21612) A, a: 90.63(2), p 102.46(2), y 102.74(2)O, 
P 2829.5 K. Z = 2, DC 1.433 g ~rn-~, F(000) = 1244, fr(Mo-K,) 22.4 cm-‘, X(Mo-K,) 0.71069 A. 
Crystals were small, bright red plates, After photographic examination one was mounted on an 
Enraf-Nonius CAD4 diffractometer (with monochromator) for accurate cell dimensions and inten- 
sity data: 2279 unique reflections were measured to e,.,,, 15 ’ before crystal deteriorated. 
Structure was determined by heavy atom method in SHELX [9]; hydride atoms located in difference 
map. Refinement by large-block least-squares methods; W, P and ligand 0 atoms allowed anisotropic 
thermal parameters. Other H atoms included are in idealised positions. Two thf molecules, each 
disordered, were included with geometrical restraints. 
At completion of refinement, R = 0.045, R w = 0.046 [9] for the 1927 reflections with I > 2a(Z), each 
weighted w = (02(F)+0.00134F2)-1. Principal peaks (ca. 0.7 ekv3) in a final difference map were 
in the region of the thf molecules. 
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We have shown that N,, RNC and RCN bound at these electron-rich centres are 
susceptible to P-electrophilic attack, which can lead to reductive cleavage, e.g. of N, 
to NH, [3] and RNC to RNH, and CH, [4]. We now report that similar 
P-electrophilic attack on alkynyl complexes gives alkylidene and alkylidyne com- 
plexes (reactions iii and iv of Scheme 1). Thus e.g. treatment of 
[WW~CW2~4W21 with HBF, in thf (tetrahydrofuran) gives, in good yield, 
[WF(=CHCH,Ph)(dppe),]BF, *, and treatment of [WH,(C=CC02Me),(dppe),] 
with HBF, gives, also in good yield [WF(XYCH,CO,Me)(dppe),] * *. The mecha- 
nisms of these reactions are complicated, and are under investigation. 

The alkynyl complexes [M(C%CR),(dppe),] are derived from [MH2(C=CR)2- 
(dppe),] and can be reversibly oxidised electrochemically (Scheme 1): e.g., EfJ2 for 
[W(C&Ph),(dppe)2] is at -0.29 V (rel. calomel, Pt electrode in 0.2 M 
[Bu,N][BF,]/thf). This value is close to that for [WCl,(dppe),] (-0.24 v> [5] and 
thus the electronic behaviour of the C=CPh ~ and Cl _ ligands appears to be similar 
towards this metal centre. 

We have also investigated the reactions of [MoH,(dppe)2] with the activated 
1-alkynes R’CO+CH (R’ = Me or Et) in presence of acids. Henderson [6] has 
recently shown that such a reaction with PhCXH and HBF, gives the alkyne 
complex [MoF(HC%CPh)(dppe),]BF,. In contrast, R’CO,CeCH gives the cyclic 
alkenyl [7] complexes shown in Scheme 2 for HBF,, but decarboxylation occurs if 
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HBr is used, presumably because Br- is able to ligate the molybdenum, destabilising 
any cyclic ligand which would be resistant to decarboxylation. 

The P-electrophilic attack on the alkynyl complexes investigated here stops at the 
alkylidene stage. In principle it could proceed further, perhaps under the influence 
of more electron-releasing co-ligands, to the alkyl stage, and thence give alkenes by 
P-elimination. 

In view of the production of alkenes from alkynes by molybdenum nitrogenase 
[S], further protonation reactions of these and analogous complexes will be investi- 
gated. 
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* NMR data in CD,CI,: 6(WF) -97.3 ppm rel. CFCI,, quintet, *J(PF) 34.0 Hz; S(WCH) 251.8 ppm 
rel. SiMe,, doublet, ‘J(CH) 155 Hz; S(WCHCH,Ph) 58.3 ppm, triplet, ‘J(CH) ca. 145 Hz. 

** NMR data in CD,Cl,: 6(WF) -141.0 ppm, quintet, 2J(PF) 35.0 Hz; S(W-C) 291 ppm; 
6(WCCH,CO,Me) 44.7. triplet, ‘J(CH) 120 Hz. 
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