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We recently reportedla that poly(phenylacety1ene) (PPA) 
can be obtained in high yield from phenylacetylene (PA) 
under thermal conditions (i.e., reflux) by employing in 
situ generated (arene)M(CO)3 (arene = toluene, o-xylene, 
or mesitylene; M = Cr, Mo, or W) complexes as catalysts 
and that the material obtained by this method shows 
significant non-linear-optical behavior.lbVc While, in gen- 
eral, reasonably high molecular weight PPA can be 
obtained in good yield by this method, the conformation 
of PPA obtained differed for different precursors used 
and at times was irreproducible for the same catalytic 
precursor. One reason for this anomaly would be the 
severity of the conditions employed for polymerization. 
So as we searched for milder ways of obtaining polyalkynes, 
the now well-established principle of electron transfer 
chain (ETC) catalysis2* as applied to organometallic 
catalysis2blc came to our rescue. In this paper a comparative 
note will be struck between thermal and ETC catalytic 
polymerization of PA under catalytic metathetical con- 
ditions, employing in situ generated (arene)M(CO)s com- 
plexes as catalysts (see Scheme I).3a 

The various conditions under which the polymeriza- 
tion was performed and the results obtained are detailed 
in Table I.3b As can be seen under reflux conditions, the 
PPA is obtained in reasonably high yield, and under 
ambient conditions the yields (of methanol-precipitated 
fractions) are uniformly poor. ETC catalysis, i.e., addition 
of 0.14.2 equiv of an oxidant,3c Cp2Fe+BF4- (Cp = C5H5), 
seems to yield PPA in moderate amounts with certain 
catalyst precursors (W(C0)3(CH&N)3, Mo(CO)$toluene, 
Mo(CO)$o-xylene, and Mo(CO)6/mesitylene) and fails 
with others (W(CO)a/arene and Cr(C0)darene). It is 
difficult to say anything now about the found success in 
polymerization with one catalyst precursor and the pro- 
nounced failure with another. We think that the clue might 
lie in the oxidation potentials of the corresponding 
complexes, and we hope to test this hypothesis in the 
future. 

On examining the effect of solvent on the degree of po- 
lymerization in (Table I), we can see that the same trend 
is observed: i.e., Mo(C0)darene proves to be a better 
catalytic system than either W(CO)s/arene or Cr(CO)6/ 
arene combinations. It is to be noted that the molecular 
weights of PPAs obtained by ETC catalytic methods are 
high and the polymer samples are also uniformly light- 
colored, yellow to yellowish-orange, in strict contrast to 
the products of thermal polymerization, which are pale 
yellow to dark brown or even black. On adopting the 
method suggested by Simionescu4 for fixing the confor- 
mation of PPA, we arrived at  the following conclusion. 

* Author to whom correspondence should be addressed. 
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Scheme I 
One-Pot Synthesis of PPA 1 MolC016 + ~ MESITYLENE 1 
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The PPA obtained from thermal reactions yielded both 
cis-transoidal and trans-cisoidal polymers, and as men- 
tioned earlier we have also failed to observe any repro- 
ducibility in the conformation of PPA obtained from the 
same catalyst precursor. In strict contrast, the ETC 
catalytic conditions, irrespective of the catalyst precursor 
used, consistently yielded PPA of cis-transoidal config- 
uration (cf. Table I for the percent cis content in various 
PPA samples). The observation could be attributed to 
the ambient experimental conditions in ETC catalytic 
reactions, as opposed to the vigorous 24-h reflux for 
reactions under thermal conditions. 

The ease with which alkynes are polymerized under ETC 
catalytic conditions owes to the fact that ligand substi- 
tution in 17-electron metal-centered radicals is a trillion 
times faster than those in corresponding saturated 18- 
electron c~mplexes,~ By oxidizing a fraction of the catalyst 
complex having a labile ligand (like CH&N or @-arene 
undergoing ring-slipping to 74 or q2),  substitution by 
monomer alkyne becomes facile a t  the newly created 
radical center.6 A redox reaction between the unoxidized 
catalyst and monomer-substituted odd-electron species 
followed by an exergonic cross-redox step for subsequent 
stepwise incorporation of monomer molecules would then 
lead to polymerization (eq 1). 

-e- L MS2 -e- L 
M S ~  - ( M S ~ ) +  - MSL+ -,-- MSL - MSL+ - 

M L ~ +  - M L ~  - - + - polymer (1) 

S' = q6-arene 
s = q4-arene 
L =  PA 
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Table I 
Percent Yield of PPA. (Percent Cis Content*) under Various Conditions 

no. cat. precursor 
W(CO)a(CH3CN)d 
Cr (CO)$toluene, 

Mo(CO)a/toluene 
Mo(CO)$o-xylene 
Mo(CO)$mesitylene 
W (CO)a/toluene 
W (CO)a/o-xylene 
W(CO)$mesitylene 

o-xylene, or mesitylene 

conditions 

thermal: 
arene solvent 

93 
66 
92 
92 
60 
15 

ambient? ETC c8tal.e 
arene solvent arene solvent CH2Clz solvent THF solvent 

13 (78) (toluene) 36 (73) (toluene) 42 (74) 45 (71) 
no methanol-insoluble fraction 

5 (84) 32 (83) 48 (82) 26 (83) 
5 (88) 44 (87) 50 (86) 30 (88) 
8 (86) 66 (85) 70 (90) 42 (86) 
5 (85) 6 (90) 7 (84) 5 (90) 
5 (90) 10 (84) 15 (80) 8 (87) 
6 (87) 15 (88) 35 (88) 18 (88) 

a As determined by GPC and viscosity measurementa, the molecular weight of PPA ranged from 12 OOO to 15 OOO for both thermal and ETC 
reactions and was around 8OOO for reactions performed at  ambient conditions. 6 Calculated from the ratio of bands at  760 and 740 cm-1. 
Reflux, 24 h. d Room temperature, 10 h. e Addition of 0.1 equiv of Cp2Fe+BF4-, 2 h. f Taken from ref 2c. 

To substantiate the need for an ETC initiating oxidant 
for the polymerization of PA, a solution containing 0.1 
equiv of CpzFe in DMF was subjected to oxidation a t  0.5 
V for 10 min and was then treated with a freshly prepared 
broth containing Mo(CO)s/o-xylene (1 equiv) and PA (50 
equiv). The polymerization was very rapid, and in 2 h a t  
ambient conditions more than 50 7% of the monomer was 
consumed (eq 21.' 

4- Cp2Fe - Cp2Fe' 
0.1 equiv 0.1 equiv 

PA + M~(CO)~(o-xylene) + Cp2Fe+ - PPA (2) 

50 equiv 1 equiv 51 Yo 

In the absence of ferrocene, however, no polymeriza- 
tion is observed. This clearly demonstrates the initiation 
and propagation of ETC in the (arene)Mo(CO)s-catalyzed 
polymerization of PA upon addition of 0.1 equiv of Cpz- 
Fe+. 

In conclusion, it has been shown that the ETC catalysis 
is a milder and viable alternative for metathetical po- 
lymerization of terminal alkynes. This technique also 
yields polymers of the same conformation independent of 
the catalyst precursor used. 
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