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Heating [W(C0)3(MeCN)3] or [W(CO)(PhC-CPh),] with an excess of diphenylacetylene produces 
[W(CO)(PhC-CPh){q5-C3Ph3(C5Ph5)}], which contains a novel cyclopentadienylvinylcarbene group through 
coupling of four alkyne ligands on the tungsten(0) centre. 

One of the most fascinating aspects pertaining to organo- 
metallic chemistry concerns the cyclooligomerization of alk- 
ynes.l It has been shown that reactions of alkynes with 
transition metal compounds can lead to di-, tri- or tetra- 
merization of the alkyne ligands, and in doing so lose their 
individuality, forming metallacyclic systems or carbocycles.2 
Nevertheless, an isolable metal complex, which would con- 
firm the linking of acetylene units, is not formed in all cases. 
We previously described3 an alkyne-alkyne coupling reaction 
with [W(L)(PhC=CPh)3], where L = CO or MeCN, to yield 
cyclobutadiene complexes, [ W(L)(PhC=CPh)2(q4-C4Ph4]. 
Now we report that reaction of [W(CO),(MeCN)3] or 
[W(CO)(PhCkCPh)3] with an excess of diphenylacetylene 
forms a novel q5-cyclopentadienylvinylcarbene complex 
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[W(CO)(PhC=CPh){q5-C3Ph3(CsPh5}]. This result is in con- 
trast to previous studies, where tetramerization of alkynes 
leads mainly to cyclooctatetraene derivatives2 

Typically, [W(CO)(PhCkCPh)# (500 mg, 0.67 mmol) or 
[W(C0)3(MeCN)3] (250 mg, 0.64 mmol) and an excess 
amount of diphenylacetylene (1.2 g, 10 equiv.) were sealed in 
a glass tube under vacuum and heated to 130 "C for 20 min. 
The mixture was then separated by TLC (silica gel), eluting 
with dichloromethane-hexane (1 : 4 vlv). The known 
[W( CO)(PhCkCPh)2(~4-C4Ph4)] (40%) was isolated from the 
orange band. Crystallization of the materials forming the red 
band from dichloromethane-methanol yielded air-stable, 

Fig. 1 Molecular structure of [W(CO)(PhGCPh){(q5-C3Ph3- 
(C5Phs)}] showing the atomic labelling scheme used in the text. The 
Ph rings have been omitted for clarity. 
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dark-red crystals of [W(CO)(PhCkCPh) {qS-C3Ph3(CSPh5)} J 
(14%),t whereas, only low yields of [W(CO)(PhGCPh){+ 
C3Ph3(C5Phs}] (<2%) were obtained in refluxing toluene or 
xylene solution. 

The molecular structure of [W( CO)(PhGCPh) {qs- 
C3Ph3(C5Phs)}]$ is illustrated in Fig. 1. The carbonyl groups 
is terminally bonded to the tungsten atom with W-C 2.13(2), 
C-0(1) 1.06(2) 8, and LW-C-O(1) 178(2)". The diphenyl- 
acetylene ligand is eclipsed but slightly tilted (4.6') with 
respect to the WCO group. The W-C(9), W-C(10) and 
C(9)-C( 10) distances are 2.06(2), 2.09(2) and 1.22(3) A, 
respectively, and the phenyl groups are bent away back from 
the G C  axis by angles averaging 138". The qs-C3Ph3(CSPhS) 
group ap ears to have a tungsten-carbon double bond to C(l) 
[2.01(2) XI. The butadiene fragment [C(5) to C(8)l is planar 
and bonded to the tungsten atom asymmetrically, such that 
W-C(5) 2.22(2) and W-C(6) 2.23(1) A are significantly 
shorter than W-C(7) 2.30(2) and W-C(8) 2.41(2)A. The 
geometry of cyclopentadiene ring appears as an opened 
envelope with the C(4) atom being bent away from the diene 
plane by angle of 32( 1)". The alkene fragment [C( 1) to C(4)] is 
coplanar to within +0.03(2) A, and the dihedral angle 
between the alkene and the diene planes is 92.8(8)". The 
remaining bond lengths and angles around the C3Ph3(C5Phs) 
skeleton are illustrated in Fig. 2. 

Formation of a W=C double bond is further evidenced by 
13C NMR, which shows a low field signal at 6 300.8 
characteristic of an alkylidene type carbon.5 Since the 
terminal CO and the qS-C3Ph3(CSPhS) ligand can be con- 
sidered as a two- and six-electron donor, respectively, the 
remaining alkyne ligand must supply four electrons, pre- 
sumably from the and nL orbitals,6 to the neutral tungsten 
atom to satisfy the 18-electron rule.7 The results are reflected 
in the 13C NMR shifts, which give rise to two resonances at 6 
197.4 and 190.0 characteristic of four-electron donor alkyne 
ligands. 8 

As treating [ W (CO) ( PhC-CPh)2(q4-C4Ph4)] with dip henyl- 
acetylene does not give [ W( CO)(PhC=CPh) { qS-C3Ph3- 
(CsPh5)}], the two compounds are obviously formed by 
separate routes. Based on the molecular structure of 
[W(CO)(PhC=CPh)3] in which the three alkyne G C  axes are 
parallel to the W-CO group, two pathways can be envisaged 
in response to the observed products (Scheme 1). Presu- 
mably, if the C=C axis of the incoming diphenylacetylene is 
parallel to the coordinated PhCkCPh ligands, then dimeriza- 
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i- [W(CO)(PhC=CPh){q5-C3Ph3(C5Phs)}] gives satisfactory elemental 
analysis. 

Spectral data: 1H NMR (300 MHz, CDC13, 25 OC): 6 7.78-5.15 (m, 

(CO), 197.4, 190.0 (GC) ,  159.7-81.9 (Ph, C-Ph); IR vlcm-l (KBr 
disc): 2005 (C=O), 1602 (GC) ;  MS (FAB), mlz 1102 (M+, 184W), 

Ph); '3C NMR (75.4MHz, CDC13, 25°C): 6 300.8 (W=C), 220.0 

1074 (M+ - CO), 1025 (M+ - C6H5), 997 (M+ - C6H5 - CO), 896 
(M+ - CZPh2 - CO). 

$ Crystals of W(CO)(PhC=CPh){q5-C3Ph3(C5Ph5)} suitable for X-ray 
analysis were grown by slow evaporation of a CH2C12-MeOH solution 
at ambient temperature. 

Crystal data: triclinic, space group Pi, a = 10.312(8), b = 14.464(5), 
c = 19.623(9) A, a = 92.65(4), p = 103.583(5), y = 108.122(5)", V = 
2681(3) A3, Z = 2, D, = 1.418 g cm-3, F(OO0) = 1165.78. Diffraction 
data (Mo, Ka, 28,,, = 45") were collected on a Nonius diffrac- 
tometer, using the 9/29 scan mode. The structure was refined to R F  = 
6.9% and R, = 7.5% for 667 parameters against 5058 ( I  2 20(Z)) out 
of 6987 unique reflections. The hydrogen atoms were placed in 
idealized positions. The CH2C12 solvent was partially disordered. The 
disordered atoms [CC, Cl(1) and C1(2)] were refined using half- 
occupancy factor. The absorption correction was made by experimen- 
tal scan: the weighting scheme was based on counting-statistics w = 
l/aZ(F). There were four peaks around W with peak heights of 2.4, 
2.1,2.0 and 1.8 e k 3 ,  respectively, the rest were <1.2 e A-3. Atomic 
coordinates, bond lengths and angles, and thermal parameters have 
been deposited at the Cambridge Crystallographic Data Centre. See 
Notice to Authors, Issue No. 1. 
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Fig. 2 Bond distances (A) and bond angles (") around the [q5- 
C3Ph3(CSPh5)] skeleton 

tion of the alkynes would give the cyclobutadiene species. On 
the other hand, the added diphenylacetylene in the perpendi- 
cular position could bridge the three-coordianted alkyne 
ligands which would then couple to form the substituted 
cyclopentadiene moiety. However, it remains uncertain 
whether stepwise coupling occurs after all four are linked, or, 
alternatively, completely concerted bond formation precedes 
about the metal atom; the details are currently under 
investigation. 
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