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Living Polymerization of Substituted Acetylenes by MoCls- and MoOCl,-based

Catalysts
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New catalyst systems composed of MoCls (or MoOCl,}, BurSn, and ethanol (molar ratio 1:1:0.5) effect living
polymerisations of 1-chloro-oct-1-yne and o-{trimethylsilyl)phenylethyne, which are the first examples of living

polymerisation of acetylenes.

Living polymerisation, i.e. polymerisation without termina-
tion and chain transfer reactions, provides a useful technique
for the preparation of tailor-made polymers such as monodis-
perse polymers and block copolymers. Whereas living anionic
polymerisation has been extensively investigated,! only a few
living polymerisations initiated by transition metal catalysts
have so far been reported.2 In these examples monomers such
as norbornene, propene, and butadiene have been used. It is
known that group 5 and 6 transition metal catalysts (Nb, Ta,
Mo, and W) polymerise various substituted acetylenes very
effectively.3 Here we report the living polymerisations of two
kinds of substituted acetylenes: 1-chloro-oct-1-yne and o-
(trimethylsilyl)phenylethyne by MoCls- and MoOCl,-based
catalysts.

MoCls alone, and as a 1:1 mixture with Bun,Sn, poly-
merised 1-chloro-oct-1-yne to give a high molecular weight
polymer (M, 1x105—2x10¢), but the molecular weight
distribution (MWD) of the polymer was rather broad (M,./M,
ca. 2).4 Aiming at the stabilisation of the propagating species,
we examined the effects of ethanol on the MoCls—Bun,Sn
catalyst in the formation of living polymers.

As seen in Table 1, a three-component catalyst, MoCls—

Bur,Sn-EtOH (1:1:0.5) produced poly(1-chloro-oct-1-yne)
having a very narrow MWD (M,,/M, 1.1—1.2), and the M,, of
the polymer was found to increase in proportion to monomer
conversion. Furthermore, when a new monomer feed was
supplied at 100% conversion, the M, increased progressively.
All these results suggest that this polymerisation is ‘living’.
The ratio of polymer chains to Mo catalyst ([P}/[Mo]) was
however ca. 2%, a relatively small value.

Owing to the importance of the oxo group in active species
involved in olefin metathesis,5 which is also mediated by metal
carbenes,® MoOCl, was employed instead of MoCls. The
polymerisation of 1-chloro-oct-1-yne by MoOCl~Bu~,Sn—
EtOH (1:1:0.5) proceeded almost instantaneously, and
formed a polymer having a similarly narrow MWD (Table 1).
When new monomer feeds were provided successively, the M,
of the polymer increased proportionally to the amount of the
monomer added. Thus MoOCl,~Bun,Sn-EtOH also proves
effective in the living polymerisation of 1-chloro-oct-1-yne. In
contrast, MoOCIl, alone, and the MoOCl;~Bu"Sn mixture
gave polymers with broader MWD’s.

The living polymerisation by MoOCl,~Bun,Sn-EtOH was
also possible using other 1-chloroalk-1-ynes having different
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Table 1. Living polymerisation of substituted acetylenes by MoCls-
(MoOCl,)-Bur,Sn—EtOH (1:1:0.5).2

Mo Time/ Monomer _
catalyst min % conversion 10-3M.,> MWDe<  [P)/[Mo]¢
Monomer: CICECC¢H,3-n
MoCl; 0.5 28 53 1.11 0.019
MoCls 1 56 95 1.23 0.021
MoCl; 60 100 160 1.23 0.023
MoOClge 5 100 36 1.17 0.020
MoOClee 10 200 50 1.20 0.029
MoOCl, 15 300 94 1.14 0.023
Monomer: HCZCC¢H,SiMes-0
MoCls 3 32 16 1.15 0.087
MoCls 6 52 28 1.08 0.081
MoCls 60 100 43 1.07 0.10
MoOCl, 1.5 34 9.5 1.15 0.16
MoOCl, 4 62 21 1.1 0.13
MoOCl, 60 100 45 1.11 0.097

a Polymerised in toluene at 30°C; [Mo cat] = 20 mm, [monomer], =
0.50 M. ® Determined by g.p.c. < MWD = M, /M, 4 Ratio of polymer
chain to Mo catalyst. ¢ ‘Monomer addition’ experiments; [monomer],
= [monomer],ggea = 0.10 M.

alkyl lengths such as 1-chlorohex-1-yne and 1-chlorohexadec-
1-yne (M,/M, 1.1—1.2). Hence the preparation of A-B-A
and B-A-B type triblock copolymers was attempted with
1-chlorohex-1-yne and 1-chlorohexadec-1-yne. On addition of
the second and third feeds of monomers, the M, values
increased progressively, while the MWD’s remained narrow,
strongly suggesting that triblock copolymers had been formed.

Interestingly, the MoCls-Bu",Sn-EtOH and MoOCl,~
Bun,Sn—EtOH catalysts gave a living polymer also from
o-(trimethylsilyl)phenylethyne, a different type of monomer.
Both the narrow MWD’s and the progressive increases in M,
with monomer conversion that are seen in Table 1 clearly
demonstrate the ‘living’ nature of this polymerisation. The
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[P)/[Mo] ratios were roughly 10% with this monomer. As in
the case of 1-chloro-oct-1-yne, these molybdenum chlorides
alone or their mixtures with Bun,Sn produced high molecular
weight poly[o-(trimethylsilyl)phenylethyne] (M,, 1x105—
1x106), but the MWD’s were not as narrow.

The present polymerisations are the first examples of living
polymerisations of acetylenes. It is inferred that ethanol
replaces a chlorine ligand of the propagating species (metal
carbene) with an ethoxy group and this enhances the stability
of the propagating species by lowering its Lewis acidity. A
more detailed study on these new living polymerisations is
under way.
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