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Terminal acetylenes RC-CH are transformed catalytically into metathesis products RC=CR and C2H2 on the carbyne 
complex [W(CBU~)(OSU~)~],  a process which is rapidlyfollowed by a polymerization of  the alkyne; in the case of sterically 
hindered ButC-CH, a stoichiometric reaction is observed, by which a dinuclear compound p-C2H2[W(OBut)& 1 and the 
deprotiotungstenacyclobutadiene [WC3(B~ f )2 (0B~ t )2 ]  2 are formed. 

Homogeneous metathesis of disubstituted alkynes 2 RlCk 
CR2eRlCkC-Rl + R2GCR2 is a well-known reaction, which 
was originally described as using molybdenum-phenol-based 
catalytic combinations, such as [Mo(C0)6]l or [MoO2(acac)z] 
-A1Et32 as catalyst precursors. 

Well-defined tungsten and molybdenum carbyne complexes 
have also been shown to act as initiators for the same 
reaction;3 these latter complexes allowed the isolation in some 
cases of stable metallacyclobutadienes, considered as the 
catalytic intermediate species.4.3~ 

Up to now, however, catalytic metathesis of terminal 
acetylenes has never been realized, although the reaction of 
[Mo(CB~t)(0But)~] with RCkCH gave the expected B u t G  
CH metathesis product and the resulting [Mo(CR)(OBut)3] 
carbyne complex. Attempts in this field have given substoi- 
chiometric yields of oct-4-yne from [Mo(CP~)(OBU~)~] and an 
excess of pent-1-yne.5 This failure has been explained, at least 
with phenylacetylene as substrate, by the production of stable 
catalytically non-active deprotiometallacycles immediately 
after the formation of the symmetrical metallacyclobutadiene 
intermediate and this gave rise to a stoichiometric reaction.6 

We now report that, depending on the reaction conditions 
and the substrate used, catalytic metathesis of terminal 

alkynes occurs to some extent on the tungsten carbyne 
complex [W(CBU~)(OBU~)~],  but is rapidly masked by poly- 
merization of the alkyne. 

As indicated in Table 1, the reaction of [W(CBut)(OBut)3] 
conducted at ambient temperature with phenylacetylene does 
not give diphenylacetylene but only a quantitative amount of 
ButGCH and polymerization (runs 1 and 2). 

However, small amounts (ca. 4%, 2 turnovers) of diphenyl- 
acetylene could be detected when the reaction was conducted 
at the higher temperature of 70 "C (run 3). In contrast, the 
reaction of linear, terminal acetylenes such as pent-1-yne and 
hept-1-yne give quite good conversion into metathesis pro- 
ducts, especially at higher temperatures according to eqn. (1). 

2RCkCH H G C H  + R G C R  (1) 
Together with this initial burst in metathetic properties (in the 
first minute) there is usually some polymerization observed 
but, there after the reaction course diverts and only the 
production of a coloured polymer of the alkyne is observed as 
the reaction goes to 100% conversion (runs 4-9). 

The selectivity for metathesis products strongly depends on 
the bulk of the alkyl group, as well as on the solvent used (runs 
6 and 7). With tert-butylacetylene, a maximum conversion into 
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Table 1 Metathesis and polymerization of terminal alkynes catalysed by [W(CBut)(OBut)3]a 

Time for 
Conversionb Metathesis Polymeriza- 100% 

Run Alkyne TPC (mol%) TNb8= tion TNb conv./h PolymerlM,,, 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

PhGCH 
PhCkCHd 
P h G C H  
P r G C H  
BuGCH 
CsH11GCH 
C5H11CkCHd 
CsH11GCH 
CsH11CkCHe 
Bu'C-CXH 

20 14.2 
20 60.0 
70 64.3 
20 24.5 
20 57.3 
20 32.0 
20 15.4 
50 32.6 

100 60.4 
20 2.3 

- 
- 
3.8 
5.8 
3.2 
4.8 
7.3 
6.8 

12.7 
0.6 

8.2 
30.0 
28.4 
5.2 

25.4 
11.2 
0.4 
9.5 

17.5 
- 

2 11 000 
1.5 20 000 
1 .o 
2 18 000 
2 1 000 
1.5 25 000 
3.0 - 
1 .o 
1 .o - 

- 

- 

- - 

(1 Conditions: solvent = n-hexane, except runs 2, 7 and 9 (9 mi); [W(CBut)(OBut),] = 0.057 mmol; R G C W W  = 50. b After 1 min 
reaction time. C TN = moles of terminal alkyne transformed into metathesis product or polymerization per mole of tungsten. d Solvent = 
diethyl ether. Solvent = toluene. 

1 mol of di-tert-butylacetylene was observed and less than 3 
mol of Me3CC=CH were converted per mol of tungsten after 
24 h. This observation led us to look at the residue obtained 
after evaporation of the solvent from this reaction mixture. 1H 
and 13C NMR spectroscopic studies? showed the presence of 
two compounds whose data are in good agreement with the 
formation of a new alkyne-bridged ditungsten compound 
p-C2H2[ W( O B U ~ ) ~ ] ~  1, and deprotiotungstenacyclobutadiene 

The production of these complexes is consistent with the 
formation of quantitative amounts of tert-butyl alcohol 
according to eqn. ( 2 ) .  

[ W C ~ ( B U ~ ) ~ ( O B U ~ ) ~ ]  2 .  

3[W(CBut)(0But)3] + 3Bu'GCH + ~ - C ~ H ~ [ W ( O B U ' ) ~ ] ~  
+[WC~(BU')~(OBU~)~]  + BufGCBu' + ButOH (2) 

The formation of these products may be explained by an 
initial stoichiometric metathesis reaction between the carbyne 
and tert-butylacetylene, and formation of two different 
metallacyclobutadiene species. Symmetrical tungstenacyclo- 
butadienyl complex can be deprotonated to form deprotio- 
metallacyclobutadiene 2 as already described by Schrock 
et al.,6b the reaction of the asymmetric species forms tung- 
stenamethylidyne complexes, which can easily dimerize , 
especially at lower temperature,7 to produce the ethyne- 
bridged ditungsten compounds 1 (Scheme 1). 

During reactions of the less-hindered alkynes, the conver- 
sion into metathesis products rapidly declines and the reaction 
course changes into polymerization. The polymers are tract- 
able, dissolve easily in halogenated and aromatic hydrocar- 
bons, and the molecular masses are high. The structure of 
polyphenylacetylene was determined according to the method 
of Simionescu et al. by IR and 1H NMR spectroscopies .8 They 
are identified as cis-transoidal polymers with a 97.5% cis 
content, which is comparable to polymers obtained in reaction 
where carbene or carbyne complexes are used as initiators. 
The mechanism for polymerization of terminal acetylenes has 
been proposed to occur via metallaalkylidene and metalla- 
cyclobutene intermediates9 [eqn. (3)]. 

LnM=C- - LnM=C- - LnM 
\ t \ 

t 1H NMR (400 MHz, CD2C12) 6 1.06 9-H, 1.53 27-H and 1.85 9-H 
(tert-butoxy and tert-butyl groups); the resonance of the two ethyne 
protons is found as a singlet at 6 7.53.W NMR ([2H8]toluene) 6 215.5 
(2C,) and 170.8 (C,). Both appear with tungsten satellites with *Jcw 
139.5 Hz (C,) and 1JcW 25.8 Hz (Cp). The equivalent carbon atoms of 
the ethyne group appear at 6 120.5 as a doublet of doublets (lJCH 
152.6 and 2JcH 6.6 Hz) with tungsten satellites (Jew 58.7 Hz). 

Our results suggest that the alkylidyne complex [W(CBut)- 
(OBI&] only acts as a metathesis catalytic species for 
metathesis at the early stage of the reaction and is very rapidly 
deactivated by deprotonation of the metallacyclobutadiene 
intermediates and formation of ethyne-bridged complex. The 
polymerization process probably occurs on vinylidene com- 
plexes which could be formed from the coordinatively 
unsaturated [W(CBU~)(OBU~)~] according to eqn. (4). 

R 
I 

R ,C -H 

This rearrangement has recently been proposed by 
Geoffroy et al. 10 in photoassisted polymerization of terminal 
alkynes by [w(co)6]. The large differences in metathesis 

~WECBU'X~ + 2RCECH 

X = OBU' 1 R = Pr, Bu, CsHii, Ph, Bu' 

x*w+ 

2 R  

I 
R 

IHPCR 
I ? 

X2W=C-CECR - X,W-C-CECR - Polymer 
I I  t RC=CH 

HCSCR 
Scheme 1 
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yields observed with different solvents (Table 1) are in 
accordance with this: a solvent like diethyl ether is much 
better than hexane for metathesis (cf. runs 6 and 7) and this 
can be explained by a better coordination of the former, 
competing with the alkyne during the process described in 
eqn. (4). Another alternative for initiation of the poly- 
merization reaction is the isomerization of the deprotiotung- 
stenacyclobutadiene complex into intermediate carbene spe- 
cies in the presence of an excess of terminal alkyne (Scheme 
1). Indeed the complex [WC3(B~t)2(0B~t)2] obtained in a 
separate reaction initiates a very fast polymerization of 
phenylacetylene showing that at least in part, this poly- 
merization uses complex 2 as initiator. 

Although these results show clearly that the metathesis of 
terminal acetylenes is really catalytic, a good choice of the 
metal environment (i.e. the use of less electrophilic alkoxy 
ligands) would be necessary to improve the metathesis yield 
(vs. polymerization) by stabilization of the required carbyne 
propagating species and by limiting the production of depro- 
tiometallacycles. 
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