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The chemical synthesis of polyarylenes, such as poly- 
@-phenylene) (PPP) and poly(thiophene-2,5-diyl) (PTh), 
by catalyzed dedihalogenation of 1,4-dihalobenzene and 
2,Bdihalothiophene is an important method in the syn- 
thesis of conjugated conducting polymers.' Among these, 
the Ni-catalyzed polymerization of Grignard reagents2 and 
the one-pot dedihalogenational polymerization of diha- 
loarylenes by a stoichiometric amount of a Ni(I1) complex 
and a base in combination with a large excess of commercial 
zinc dust3 have been extensively investigated. Recent 
reports have shown a HMPA- or THF-promoted polym- 
erization of dibromobenzene via a monolithiobenzene 
intermediate afforded a soluble poly@-phenylene),lbV4 and 
a polymerization of dihaloarylene by a stoichiometric 
amount of a Ni(0) complex and a base has been de~eloped.~ 
We now report a facile and effective Pd-catalyzed po- 
lymerization of monozinc arylenes, such as iodo-440- 
dozincio) benzene (3) and 2-bromo-5-(bromozincio)thio- 
phene (4), which were generated by the reaction of highly 
reactive zinc (Zn*I6 and a dihaloarylene, to quantitatively 
yield polyarylenes.?r8 

The monoorganozinc arylenes were readily generated 
by reaction of a 1.O:l.l ratio of dihaloarylene (1 and 2) and 
highly reactive zinc (Zn*). Surprisingly, the reaction was 
totally chemoselective (>99% ), as no bis(halozinc) arylene 
was found9 (Scheme I). The resultant monozinc inter- 
mediates (3 and 4) were polymerized upon the addition 
of a catalytic amount of Pd(PPh3)4(50.2 mol % ) and gave 
a quantitative yield (>98%) of polyarylenelO [PPP (5) 
and PTh (6); Scheme I]. The polymerization is based on 
Negishi's coupling reaction involving an organozinc reagent 
and a Pd catalyst.'l 

In contrast, previous reports3 have examined the po- 
lymerization of dihaloarylene using a stoichiometric 
amount of Ni(I1) complexes and base in combination with 
alarge excess of commercial zinc dust. An identical result 
can be obtained using a stoichiometric amount of Ni(0) 
complexes, "catalyst", and a stoichiometric amount of 
base.5 I t  appears that the role of zinc dust is that of a 
reducing agent for Ni(I1) to Ni(0).5bJ2 In our synthesis, 
the highly reactive Zn*6 undergoes oxidative addition 
regiospecifically to the dihaloarylene. 

We have expanded this methodology to include 3-sub- 
stituted dibromothiophene derivatives such as 3-decy1,13 
-hexyl? -methyl, -phenyl, and -cyclopentyl14 utilizing Pd- 
(PPh& as the catalyst which results in a series of poly- 
(&substituted thiophenes) including a new P3AT: poly(3- 
cyclopentylthiophene) (Scheme I1 and Table I). 

Upon workup,3 polymer 5 (PPP) yielded a light yellow 
powder, polymer 6 (PTh) a dark-red powder, and polymer 
loa (P3MT) ared powder. All three polymers are insoluble 
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Table I. Poly(3-substituted thioDheneda 

a -CH3 80 20 98 
b cyclopentyl 71 29 96 
c -Ph 66 34 98 

Reactant ratio, 7:Zn* = 1.01.1. Catalyst amount: Pd(PPh& 
0.2 mol % of 7. * The yield of two regiohomers was >98% by GC 
analysis. The regioselectivity was identified by 1H NMR analysis of 
the crude reaction mixture after quenching with a saturated NH4Cl 
solution. Based on carbon recovered.3 

solids. Polymer 10b (poly(3-cyclopentylthiophene)) was 
an orange powder while polymer 1Oc (poly(3-phenylth- 
iophene)) gave a dark-brown powder. Both 10b and 1Oc 
were soluble in CHC13, THF, or other polar organic 
solvents . 

Elemental analysis values of all five polymers in Table 
I (5, 6, and 10a-c) compare well with calculated values. 
FTIR analysis of polymer 5 (PPP) yields a strong para 
C-H out-of-plane absorption band at  804 cm-l for 
p-phenylene.2a Polymer 6 (PTh) has a strong absorbance 
at 792 cm-' for an aromatic C-H out-of-plane band for a 
2,Ei-disubstituted thiophene, a weak C-H stretching ab- 
sorbance at 3060 cm-', and thiophene ring stretching modes 
at 1441, 1456, and 1490 cm-1.2cJ5 Polymer 10a (P3MT) 
has a C-H out-of-plane vibration band for 3-methyl-2,5- 
thienylene at 817 cm-l and thienylene ring stretching 
modes at  1439, 1458, and 1506 cm-l.l5 Polymer lob 
(P3CpT) has a strong absorbance at  800 cm-l for an 
aromatic C-H out-of-plane vibration for 3-cyclopentyl- 
2,5-thienylene and a weak band at  3052 cm-l for C-H 
stretching. Also, thienylene ring stretching modes were 
found at  1437,1456, and 1506 cm-l and at  2864 and 2974 
cm-' for aliphatic C-H stretching modes of the cyclopentyl 
group. Polymer 1Oc (P3PhT) has a thiophene ring C-H 
out-of-plane bend for 3-phenyl-2,5-thienylene found at  
839 cm-l, at 3057 cm-1 for C-H stretching, thiophene ring 
stretching modes a t  1444,1481, and 1495 cm-I, at  697 and 
758 cm-' for ring banding,3b and at  3008 and 3027 cm-l for 
C-H stretching of a monosubstituted benzene group. 

Solid-state 13C NMR analysis of 10a (P3MT) shows there 
are four carbons around 132 ppm for four thiophene ring 
carbons and one carbon a t  15 ppm for a methyl group 
based on carbon integration. 'H NMR analysis of 10b 
(P3CpT) gave a spectrum which contains 1 H a t  7.03 ppm 
for the thiophene ring proton, 1 H at 3.44 ppm for a tertiary 
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proton (pentant), and 8 H's a t  1.25-2.04 ppm for the 
secondary protons of the cyclopentyl group. For polymer 
1Oc (P3PhT), there are 5 H a  at 7.2-7.6 ppm for the phenyl 
protons and 1 H at 7.13 ppm for the thiophene ring proton. 

The UV-vis spectrum of 10b shows a maximum ab- 
sorption at  X = 413 nm (CHC13) for a M* electronic 
transition which depends on the conjugated length of the 
polymer. Another absorption maximum was found at  X 
= 263 nm for a M* transition, which is not dependent 
upon the conjugated length.16 For 1Oc (P3PhT), the 
conjugated 7r-7r* transition also has an absorption wave- 
length of 410 nm, but the non-conjugated -* transition 
of the thiophene ring was covered by a more intense 
absorption at  X = 254 nm, which was exactly the same as 
for an isolated benzene M* transition ~ave1ength.l~ This 
implies the benzene ring is not conjugated with a thiophene 
ring and suggesta that the two planes are essentially 
nonplanar by a torsion angle >40° due to a stereohin- 
drance.ls The calculated molecular weight of polymer 1Oc 
(P3PhT) was 4912 based on the terminal Br group 
content,2c meanwhile GPC (gel permeation chromatog- 
raphy, relative to polystyrene standard, THF as eluant) 
yielded a weight-average molecular weight M, = 3900 and 
a number-average molecular weight M,, = 1969 with a 
polydispersity index of 1.79. 

In summary, the methodology reported within this paper 
provides several advantages over existing methods in- 
cluding the use of highly reactive zinc (1.1 equiv to 1.0 
equiv of dihalide) in conjunction with a very small amount 
of catalyst, the quantitative chemoselectivity of Zn* for 
dihaloarylenes, and the mild reaction conditions and the 
higher yields of polymers make this method facile and 
effective for the preparation of polyphenylenes and 
polythiophenes. 
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