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Polythiophenes have been widely investigated for their interest-
ing and potentially useful properties, which include high con-
ductivity and luminescence? Many polythiophene derivatives ~ Figure 1. X-ray crystal structure o2. The hydrogen atoms are omitted
have been prepared in order to introduce new functionalities to for clarity, and thermal ellipsoids are drawn at 30% probability. Selected
the material, such as side groups that allow a selective responséond lengths (A) and angles (deg): P¢D)(3) 2.002(3); Pd(1yP(1)
to specific analytes for sensor applicatii@onjugated polymers ~ 2-2171(6); Pd(yCI(1) 2.4184(7); P(kyPd(1)-C(3) 92.03(8); CI(1)
that bear pendant metal complexes are of particular importancepd(l)‘c(?’) 176.55(8).
to yield new hybrid material%:®> Several approaches have been chelating ligands such as 2-(2-thienyl)pyridifié* and 6-(2-

Y y - PP 1ave DES  thienyl)-2,2-bipyridine'® on Pd and Pt and with diphenyl-2-
taken to attach metal centers to polythiophene derivatives; for thienviohosphine i RuU cl

e : g : ylphosphine in a Ru clustét.
example bipyridine or phenanthroline binding sites have been
introduced into the backbone, and used to coordinate Cu, Zn, and
Ruf8 Recently, an interesting system was reported in which
Ru(ll) is coordinated in a bidentate fashion by a pendant phos-
phine group and a backbone sulfuirolythiophene may be viewed
as a cis polyacetylene structure stabilized by the sulfur &om;
therefore, bonding a metal center to the carbon backbone is
expected to directly influence the electronic properties of the
polymer. We report herein the first example of such a material, 2 3
in which Pd(Il) iso-bonded to a backbone carbon atom. ] )

Electropolymerization has been widely used for the preparation ~ The *P NMR spectrum o in CDCl; contains two closely
of conductive p0|ymer thin-filmé3 and we have elected to Spaced reSOﬂanCGS&ﬂ.?.? and 16.6 |n.a 0.7:1 ratio, ||ke|y due .
synthesize a metal-containing monomer for polymerization via to the presence of both cis and trans isomers of the complex in
this method. The monom@was synthesized via the reaction of ~ solution as has been previously observed for other halo-bridged
3-diphenylphosphino-2!%',2"-terthiophene )1° with 1 equiv Pd dimers®1® Reagants such as phosphines and isonitriles are
of PACL.I The solid-state structure ¢ was unambiguously ~ known to cleave dihalo bridges in related compouiidmd we
established by determination of its X-ray crystallographic structure observe similar behavior fd. For example? reacts withtert-
(Figure 1), and consists of a dimer in which Pd is square planar butyl isocyanide tBUNC) at 25°C in solution to give the
with br|dg|ng chlorides and b|nd|ng via the phosphine and C3 monomeric Comple)8, which exhibits a characteristic terminal

of the terthiophen& Cyclometalation of thiophene derivatives ~NC stretch at 2209 cnt in the infrared region. The isocyanide
is most likely cis to thes-bonded carbon i as is typically the

*To whom correspondence should be addressed. E-mail: mwolf@ cgs5e in related compouné’s Other reagents such as RPh
chem.ubc.ca. .
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T y T y T T T T between poly2 and the monomer are expected to cause some
50 - changes in the infrared spectrum, as has been previously observed
A for other thiophene oligomers and polyméts.
g ) The reactivity of poly2 films is very similar to that of2.
' Exposure of a poly2 film to a solution oft-BuNC in hexanes at
25 °C resulted in a rapid reaction. The surface reflectance IR
spectrum of the reacted film shows a new, strong band at 2208
- cm ! similar to the—NC stretch in3 and the region between
1500 and 600 cmt also shows good correlation with the
transmission spectrum 8f When a film of poly2 is treated with
a solution of phenyl isocyanide (PhNC) in hexanes at@5the
. IR spectrum of the resulting film also contains a new band at
2188 cn1?! due to a terminal isocyanide group. After reaction of
the poly2 films with either isocyanide, the resulting films are
insoluble in hexanes but highly soluble in g, in marked
. contrast to poly2 which is completely insoluble in this solvent.
Reaction of poly2 films with PPk, P(OMe}, or PPhMe also
resulted in an increase in the solubility in @, whereas MeCN
did not react.

The characterization and reactivity of pdlyall support the
conclusion that the coordination at the Pd center is retained upon
polymerization. Thiophene oligomers polymerize primarily by
C—C coupling at thex position? and we therefore propose that
the films consist primarily of,o-coupled2, althoughao,f5- or

. ) . ) . ) . ) p.p-coupled material may also be present. Reaction of Rafyth
0.0 0.5 L0 L3 isocyanides and phosphines cleaves the dichloro bridges, thus
eliminating intrachain cross-linking in the material and adding
Volts (V) vs SCE solubilizing groups to the backbone. These factors together are

Figure 2. Cyclic voltammetry of2 in CH,Cl, containing 0.1 M esponsible for the increase in solubility.
(n-Bu)aNPFRs. Multiple scans from—0.25 to+1.75 V, scan rate= 200 The UV-vis spectrum of a neutral film of polg-shows a
mV/s (the oxidation wavetad V in the first scan is due to added  Strong absorption band withnay at 522 nm, which shifts to 808
decamethylferrocene, used as an internal reference). Inset: scan of 81M upon oxidation. The positions of these bands are comparable
poly-2 film on a gold electrode in 0.1 Mn¢Bu);NPF; in CH,Cl, (scan to those observed in substituted polythiophefteand the red-
rate= 200 mV/s). shift of the absorption band relative ®is consistent with a
significant increase in conjugation length upon polymerization.
at—1.31Vvs SCE (not Shown). The wave-at.31 Vis assigned Upon reaCti(':)n of the film with-BuNC or PhNC, the absorption
to a Pd-based reduction asloes not exhibit any reduction waves —bPand red-shifts tdmac= 528 nm for poly2/t-BuNC and 542 nm
between 0 and-1.5 V. The anodic wave has two associated for poly-2/PhNC. These shifts are indicative of the electronic
cathodic features which appear on the return scan. The wave ateffect on the backbone caused by the reaction at the pendant metal,
0.73 V results from the reduction of surface-confined material @nd the differences ifimax observed for reactions with two similar
formed upon oxidation, and the shoulder to higher potential is |son|trlles indicates hoyv sensitive the electronic structure of the
likely due to reduction of shorter oligomers. Repeated scanning conjugated backbone is to the ligands at the Pd center.
from —0.25 to+1.75 V results in the deposition of a red film of In conclusion, we have prepared, by electropolymerization of
poly-2 on the electrode surface, along with an increase in the the cyclometalated Pd dimgrthe first conductive polythiophene
current in the CV (Figure 2). The CV of the film after removal derivative in which a metal is»-bonded to the conjugated
of the electrode from the polymerization solution shows broad backbone. The Pd moiety is stable under the electropolymerization
oxidation and reduction waves betweef.25 and+1.75 V vs conditions; however, it undergoes subsequent reactions with
SCE (Figure 2, inset), similar to CV scans observed for other isocyanides and phosphines. The proximity of the Pd to the
polythiophene derivativesThe conductivity of the film when  conjugated backbone in this new binding mode, combined with
oxidized is 10° S cnT™. the reactivity of the Pd center, suggests that these materials may
Poly2 films were characterized by several methods. The be useful in transition-metal based conductive polymer sensors.
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