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The first successful synthesis of poly(2,5-thienylene-
ethynylene)s through alkyne metathesis is reported, in
which high molecular weight products are obtained at
room temperature using highly active and readily
available trialkoxymolybdenum(V1) propylidyne cata-
lyst.!

The preparation of poly(2,5-thienyleneethynylene)s
(PTEs) and poly(p-phenyleneethynylene)s (PPEs) has
been of longstanding interest due to desirable electrical
and optical properties of these conjugated polymers.2
The current synthesis of poly(aryleneethynylene)s (PAES)
is mainly restricted to Pd—Cu-catalyzed coupling reac-
tions of diethynylated aromatics with dihalogenated (Br,
1) arenes.® Although the synthesis is general in scope,
it is difficult to obtain PAEs of high molecular weight.
The degrees of polymerization (P,,) of PTEs by coupling
routes are typically in the range of P, &~ 20—40, unless
electron-deficient aromatic diiodides are used.* More-
over, the end groups of PAEs are somewhat ambiguous
due to dehalogenation and conversion of some iodinated
sites into phosphonium groups.® Also, PAEs prepared
by Pd-catalyzed cross-coupling reactions likely contain
diyne defects resulting from homocoupling of two alkyne
units, a reaction that is promoted by the adventitious
oxygen as well as by the reduction of the Pd?* catalyst
precursor. The drawbacks of Pd-catalyzed coupling
reactions make it desirable to develop a complementary
synthetic route to PAEs, and alkyne metathesis was
envisioned as an attractive alternative.b

The Schrock tungsten carbyne complex (t-BuO)s;W=
C(t-Bu) (1)’ is active in alkyne metathesis. Both Schrock82
and Bazan® have shown that ring-opening metathesis
polymerization (ROMP) of cyclic alkynes can be ac-
complished using complex 1 as the catalyst. However,
the relatively demanding synthesis and incompatibility
of 1 with amines and polyether chains represents a
limitation for its wide application in polymer synthesis.®
Bunz and co-workers reported the synthesis of PPEs!0
by acyclic diyne metathesis!! using the Mortreux cata-
lyst system, generated by mixing Mo(CO)s and a suit-
able phenol.12 Although the active catalyst forms in situ
from commercially available starting materials and
works in unpurified solvents, its limited functional
group tolerance®® and requirement of high temperatures
(130—180 °C) restrict its use mainly to the synthesis of
hydrocarbon PPEs.!® Small-scale polymerizations are
reported to give material of lower P,, which makes this
approach not feasible for laboratory synthesis of PPEs.1%¢
Moreover, at temperatures above 150 °C, the polymer
products contain defect structures which limit extended
conjugation.10c
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To expand the scope of alkyne metathesis and facili-
tate its application in both organic synthesis and
polymer chemistry, we recently developed a reductive
recycle strategy for conveniently preparing trialkoxy-
molybdenum(V1) alkylidyne catalysts which are active
at room temperature and compatible with a variety of
functional groups and solvents.! The catalyst with
highest catalytic activity is generated in situ by mixing
1 equiv of trisamidomolybdenum(VI) propylidyne (2)
with 3 equiv of p-nitrophenol (eq 1). The successful
homodimerization of 2-propynylthiophene through alkyne
metathesis was previously demonstrated,® which pro-
moted us to investigate the synthesis of PTEs using
trialkoxymolybdenum(VI1) propylidyne catalyst. The
successful syntheses of poly(2,5-dihexylphenyleneethy-
nylene)s (PPEs) and poly(3,4-dihexylthienyleneethy-
nylene)s (PTEs) with high molecular weight at room
temperature are described below.
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Monomers 3a,b and 4a,b were synthesized in three
steps using Kumada coupling* to install the hexyl
groups, followed by iodination!® or bromination!® and
Negishi cross-coupling!’ to install the alkynyl groups.
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With monomers in hand, we examined the synthesis of
PAEs under various conditions. The polymerizations'®
were carried out under open driven conditions (1 mmHg)
to facilitate complete removal of the alkyne byproduct
(2-butyne or 3-hexyne). We chose 1,2,4-trichlorobenzene
as a high boiling solvent for this purpose. Although
metathesis of 3 (0.15 mmol) catalyzed by trialkoxymo-
lybdenum(V1) propylidyne (0.006 mmol, 4 mol %) at 30
°C for 22 h provided polymers with relatively low
molecular weight!® (Table 1), metathesis of 4a afforded
high molecular weight PTEs with M, 35 000 (P, = 128,
PDI = 2.7). The low boiling point of 2-butyne facilitated
the removal of the byproduct, which shifted the equi-
librium further and provided higher molecular weight
polymers than metathesis of 4b.2° The different reac-
tivities of terminal alkyne groups in growing polymer
chains likely explain why the polydispersity of 6a (PDI
= 2.7) deviates from the ideal Flory—Schulz distribution
(PDI = 2.0).

Polymer products 5 and 6 were precipitated from
methanol in high yield (93—98%). PPEs 5 are green-
yellow solids while PTEs 6 are orange-red. In their 13C
NMR spectra (Figures 1 and 2) only the peaks corre-
sponding to carbons expected for regioregular PPEs and
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Figure 1. 3C NMR spectrum of 5b (CDClI3, 500 MHz, 20 °C).
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Figure 2. 3C NMR spectrum of 6a (CDCls, 500 MHz, 20 °C).

Table 1. Synthesis of Polymers 5 and 6 under Open Driven Conditions

Mo(VI) + p-nitrophenol

(4 mol%) [
R——Ar—=-R > RT= Ar}%R
1,2,4-trichlorobenzene l n
R = Me or Et 30°C, 1 mmHg, 22 h
polymer monomer polymer yield (%) P, (GPC) m,? PDI (M,,/M,))
hex
5a Me— = Me 93 52 14,000 21
hex
hex
5b Et— \_/ =—Et 95 56 15,000 2.2
hex
hex hex
6a J\ 97 128 35,000 2.7
Me = 8 = Me
hex hex
6b AN 98 77 21,000 2.0
Et-— S TEt

a M, is determined by conventional calibration using polystyrene standards.
were performed in THF at 25 °C.

Gel permeation chromatography (GPC) measurements

PTEs are observed. The spectra exhibit triple-bond 1781

resonances at 93.0 ppm (5) and 89.4 (6) ppm. The range S 1651

of chemical shifts for acetylenic carbon atoms in linear % 155 1

aryleneethynylenes is 75—100 ppm, while the range of g 145

chemical shifts for olefinic carbon atoms is 100—145 @ 135

ppm. We thus contend that within the limits of detection ¢ 125 |
poly(2,5-dihexylphenyleneethynylene)s (5) and poly(3,4- 115

dihexylthienyleneethynylene)s (6) formed without struc- ) 12 2 3

tural defects.?! The samples of 5 and of 6 were examined
by GPC (Figure 3), and the results are summarized in
Table 1. The polydispersities of these polymers are in
the range 2.0—2.7, consistent with a step-growth poly-
condensation mechanism. Polymers with M, 15 000 (P,

Retention Volume (mL)
Figure 3. GPC of polymer 6a in THF.

In conclusion, we have demonstrated that poly(3,4-
dihexylthienyleneethynylene)s and poly(2,5-dihexylphe-

=56, PPEs 5b) and M, 35 000 (P, = 128, PTEs 6a) were
achieved, clearly demonstrating that alkyne metathesis
is competitive with the reported Pd-catalyzed routes.
Absorption and emission spectra of PTEs 6a show
features similar to the PPEs reported by Bunz.??

nyleneethynylene)s of high molecular weight were
successfully prepared through alkyne metathesis at
room temperature, using highly active trialkoxymolyb-
denum(VI) propylidyne catalyst. Monomers 3 and 4
were polymerized with concomitant removal of the
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byproduct alkyne under open driven conditions to form
the corresponding PAEs in excellent yields. Polymer 5
and 6 are defect-free according to 13C NMR spectroscopy.
The protocol for alkyne metathesis we described herein
represents an alternative and efficient approach to
prepare high molecular weight PAEs.
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