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Palladium-Catalyzed Cross-Coupling Polycondensation of Bisalkyneswith Dihaloarenes
Activated by Tetrabutylammonium Hydroxide or Silver(l) Oxide
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The palladium(0)-catalyzed polycondensation of bis-
trimethylsilylethynylated compounds with diiodoarenes to give
the polymers bearing arylene-ethynylene moieties is carried out
by the use of silver(l) oxide as an activator. Polycondensation
of bifunctional terminal alkynes and aryl halides is aso accom-
plished by the palladium-catalyzed cross coupling in the pres-
ence of tetrabutylammonium hydroxide (TBAOH), tetrabutylam-
monium fluoride (TBAF), or silver(l) oxide.

We have recently reported several palladium-catalyzed cross-
coupling reactions of atrimethylsilyl or aterminal alkyne with an
aryl halide, which are promoted by the use of silver(l) oxide, tetra-
butylammonium fluoride (TBAF), or tetrabutylammonium
hydroxide (TBAOH) as an activator to give a variety of aryl
alkynes (eq 1).! We thus envisaged that the new findings would
provide a practical method for the synthesis of poly(aryle-
neethynylene)s by reacting bifunctional akynes with haoarenes
asshown in eq 2.2 The resulting materias have potentia applica-
tions as conductive polymers and in light emitting diodes (LED).3
The modular nature of our method provides a valuable synthetic
route to these important materials. Herein, we report new poly-
condensation reactions, which are available to the reactions of
both trimethylsilylated and terminal alkynes with aryl halides.
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We first performed the polycondensation of bis-
trimethylsilylethynylated compounds with aryl halides in the pres-
ence of Ag,O as an activator. A bis-trimethylsilylethynylated
compound 1a was readily prepared form bisphenol AF.* As
shown in eq 3, the reaction of 1a with 1,4-diiodobenzene (2) was
carried out in the presence of 5 mol% of Pd(PPh,), as a catalyst
afording the polymer 3a in 77% yield after stirring at 60 °C for 6
h.5 The polymer 3a was isolated by simple filtration of the reac-
tion mixture followed by reprecipitation of the concentrated solu-
tion into methanol. A molecular weight (M,,) and molecular
weight distribution (M,/M,) were found to be 21200 and 2.3,
respectively, by measurement of size exclusion chromatography
(SEC). Under these conditions cross coupling between Csp-Csp?
centers was the only condensation reaction observed. The unde-

sired homocoupling to form diyne or bisaryl byproduct did not
take place according to analysis of the 13C NMR spectrum of the
polymer. The similar polymerization was aso carried out using
1,4-bis(trimethylsilyl)-1,3-butadiyne (1b) and bis(trimethylsilyl)-
ethyne (1c). In these reactions, a 2,7-diiodofluorene derivative 4
was employed as a monomer for the purpose to form polymers
easily soluble in a common organic solvent. The polycondensa-
tion reactions furnished the corresponding polymers bearing
ethynyl and butadiynyl moiety 5b and 5c¢ in 99% and 91% yields,
respectively (eq 4).

The related polycondensation has aso been performed by the
Sonogashira-(Hagihara) coupling,® the cross coupling of bifunc-
tional aromatic dihalides and termina akynes, which have been
occasionally synthesized by desilylation of the bis-trimethylsily-
lated alkynes. Accordingly, the present polycondensation with
trimethylsilyl alkyne could be affected by omitting the deprotec-
tion procedure. It is also remarkable that the reactions with 1b
and 1c have been carried out without using gaseous and/or poten-
tialy explosive 1,3-butadiyne and ethyne as monomers.
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Further, the polycondensation of bifunctional terminal
alkynes was examined using a bisphenol AF* derivative 6a or a
1,4-diethynylbenzene derivative substituted with nonyloxy groups
6b. For the organic electrophiles, 1,4-diiodobenzene (2), 1,4
dibromobenzene (7), and 4 were employed. In these reactions,
TBAOH and TBAF were also used in addition to Ag,O. Table 1
summarizes the results of the cross-coupling polycondensation.
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When the reaction of 6a with 2 was carried out using 10.0 mol%
of Pd(0) and 200 mol% of Ag,O as an activator in THF, the corre-
sponding polymer was furnished in 96% yield after stirring at 60
°C for 96 h. The obtained polymer was identical with 3a that was
prepared from the reaction of the trimethylsilyl derivative 1a and
2 and exhibited a molecular weight of 31900 (M,,) with M,,/M,, of
5.7. The polymerization was found to be much faster when
TBAOH (240 mol%) was employed as an activator to yield 3a,
after gtirring for 6 h with a smaller amount of Pd(0) (2 mol%), in
71% yield (M,,=35400, M,,/M,=3.5).” In order to avoid Pd(0)
mediated crossinking, the reaction had to be run at a concentra-
tion of 0.05 M. A significant quantity of insoluble material was
obtained when the reaction was carried out at concentrations high-
er than 0.1 M. The use of TBAF as an activator was equally
effective as TBAOH. In contrast that only iodide as an organic
eectrophile could effect the polycondensation with silylalkynes,
the reaction between 1,4-dibromobenzene (7) and 6a could be car-
ried out athough considerably longer reaction times (120 h) were
needed. Similarly, the dialkyne 6b was reacted with 2 and 4 to
afford highly conjugated polymersin excellent yields.
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Table 1. Polycondensation of terminal alkynes®

Diyne Dihalide Activator Time %Yield M, MJ/M,

/h x107°
6a 2 Ag,0 96 86° 319 5.7
TBAOH 6 71 354 35
7 120 74 348 37
2 TBAF 48 91 51.7 34
6b 2 TBAOH 1.5 >99 30.1 43
4 5 98 135.6 6.0
6a 2 Et;N 6 68 499 23
(excess)?
Et,N-H,0° 6 8
(excess)

“The reaction was carricd out as described in ref 7. "Estimated by size
exclusion chromatography (SEC) with polystyrene  standards.
“Pd(PPhs), (10 mol%) and Ag,0 (200 mol%) was employed. “Et;N (5.0
mL) was used as a solvent. Cul (2 mol%) was employed as a co-catalyst.
“The amount of water employed was 0.2 mL.

Compared with Sonogashira conditions, which required cat-
aytic Pd(0) and Cu(l) in the presence of large amounts of an
amine as solvent or co-solvent,58 the present reactions with bis-
trimethylsilyl and bistermina akynes proceeded without using
Cu(l). Theformer isapparently advantageousin use of 1b and 1c
because of the difficulties in handling of such desilylated deriva-
tives. Although the reaction of 6a and 2 under the Sonogashira
conditions also affords the corresponding polymer 3a in a compa:
rable yield and molecular weight,® the procedural simplicity of the
present cross-coupling polycondensation is worthy of note
because the use of a large quantities of a high boiling amine can
cause serious difficulties in isolation and purification. It should
aso be pointed out that the reaction with TBAOH could be affect-
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ed as 40% agueous solution suggesting potentia tolerance of the
polymerization to water, while addition of water under
Sonogashira conditions considerably reduced theyield of 3a.

We have shown that Ag,O, TBAOH, and TBAF serve as
new activators for the cross-coupling polycondensations of bis-
trimethysilylated and -termind akynes with dihaloarenes for the
synthesis of poly(aryleneethynylene)s. This method is a valuable
alternative to the Sonogashira coupling, which employs a catalytic
amount of Pd(0)/Cu(l) in the presence of excess amine.
Furthermore, we have previously reported that polycondensation
of bistrimethylsilylated alkynes with ditriflates can be catalyzed
by Pd(0)/CuCl.1® Thus, the described palladium-catalyzed poly-
merization of dihaloarenes and alkynes expands the scope of the
polymer synthesisto include either phenols or aryl halides as start-
ing materials. This new method further enhances the flexibility of
synthetic design of these important polymeric materials.
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