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Three Re(l) complexes (3, 5, and 7) (Re(CO)sCl(L),) and three Chart 1

new Pt(Il) complexes (4, 6, and 8) ([Pt(P(Et)s)2(L)2](OTf),), where o/\\o NN
L = pyridine, 1 (4-Py-EDOT) or 2 (4-Py-bithiophene), were N N—T Q_(Sj\Es)
prepared and characterized. The solid-state structures of 4 and 5 —y S 2 L
vyere determined by X-ray crystallography. Electrochromic polymeric coco pEt, ] 2" [OTT,
films of 2, 5, and 6 were prepared and characterized. oc—Rlél L Et3P—F|’t—L
a”/ !
L. . . 3:L=Py 4:L=Py
Polymers containing transition metals are a promising class ? IE ff gf tff

of materials for applications in electronics, molecular sensing,
and catalysid:” Inserting transition metals into polymers

with m-conjugated backbones is synthetically attractive .Re(l) complexes‘.%,ll 5° and7® were prepargq by Bcom-
because each of the components affects the chemical,b'n'_ng 1 equiv of Re(CQLl gnd 2 equiv of pyridinel,® or
electronic, and optical properties of the overall matérial. 2 N @ 1:1 THF/toluene mixture (Chart 1). As shown by
There are many examples of multidentate ligands that bind the Single-crystal X-ray structures 8f*5' (Figure 1), and
metals and integrate them into a conjugated polymer 7_8 and presumably because of the trans effect of the CO
backboné:2 Our laboratory has been investigating the use l9ands, these octahedral Re(l) complexes all have the
of hybrid pyridine/thiophene ligands (where various thiophene PYridine or hybrid pyridine/thiophene ligands in a cis
derivatives are attached to the 4 position of pyridine) to configuration. The N-Re—N bond angle obis 83.9, which
prepare transition-metal-containing compounds with interest- is slightly larger than the same angle7i83.¢).2 Polymers

ing optical propertie8 The pyridine moieties of these ligands  grown from5 cannot be linear because of the cis disposition
have a high binding affinity for late transition metals with of the two hybrid pyridine/bithiophene ligands. Three new
no evidence thus far of any metaulfur interactions with Pt(Il) complexes 4, 6, and8) were prepared by combining
the thiophenes. These monodentate ligands are potentially
of wide interest because they could be incorporated into many (8) Farrell, J. R.; Becker, C.; Lavoie, D.; Shaw, J. L.; Ziegler, CJ.J.
transition metals with at least two reactive coordination sites o gg?ﬁgg:eéﬁ?\ﬁﬁ??‘éegﬁ é}é%;;’zg_ 1. Dyer, A Steckler, T.
to prepare polymer precursors. We report the use of these ~ * Argun, A. A.; Reynolds, J. R.; Harrington, R. W.; Clegg, WMater.
rybrid lgands o prepare Re() and PI() comploxes hat y, GENCERT 4 (20 s, L
upon polymerization form electrochrori#® materials (ma- Commun 2006 1604-1606.

terials that change color upon switching of the redox states). (11) g\)/Vriggtoarlzl\él). :3.; Morse, D. L.; Pdungsap,l.Am. Chem. Sod975
7, 2073-2079.
(12) Albers, W. M.; Canters, G. W.; Reedijk, Jetrahedron1995 51,
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T College of the Holy Cross. 1596-1600.

# University of Akron. (14) Crystal data fod: CpaHaoFsN206P,PtS, fw = 887.73 g/mol, crystal
(1) Holliday, B. J.; Swager, T. MChem. Commur005 23—36. size 0.10x 0.05 x 0.01 mn?, monoclinic, space grouB2(1)lc, a =
(2) Wolf, M. O. Adv. Mater. 2001, 13, 545-553. 19.065(2) Ab = 9.4991(8) Ac = 18.722(2) A S = 102.944(19, V
(3) Scott, T. L.; Wolf, M. O.Coord. Chem. Re 2003 246, 89—-101. =3304.45(4) B, Z = 4, Dcaica= 1.784 Mg/n¥, 1 = 0.710 73 u=
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Figure 1. ORTEP diagram 06-CgHsCHs with ellipsoids drawn at 50%.
The solvent molecule and H atoms are omitted for clarity.

Figure 2. Cyclic voltammetry for compound 3, 5, and6 in acetonitrile
1 equiv of Pt(PE})(OTf),® with 2 equiv of either pyridine, with 0.1 M BwNPF; as the supporting electrolyte. All potentials are shown

1, or 2 in CH,Cl,. Removal of the solvent followed by 'éferenced to the Fc/Faedox couple.

recrystallization from CkClo/toluene led to isolation of  CH,CN202tin the general potential range whe3shows a
analytically pure compounds in 6%9% yields. All three  reversible wave. By using pyridine derivatives instead of-2,2
compounds were characterized #y and**C NMR along  pipy or phen derivatives as a scaffold for thiophenes, the
with elemental analysis, and all data were consistent with result may be polymers with increased stability under
their proposed structures. Although derivatives of compound pxidative conditions. Compounlexhibits a single irrevers-

4, specifically where other atoms or groups are attached tojple reduction wave at ip= —1.8 V (Figure S2 in the SI)
the pyridine, are common in the literature, especially in the and a scan-rate-dependent irreversible oxidative wave at ip

field of supramolecular chemistfy,'® we were surprised = 1.4 V. To avoid interference from this electrochemically
not to find 4 itself reported in the literature. A thermal jrreversible redox chemistry, complexes8 were examined
ellipsoid diagram shows the details of the cation4oin in the window between the irreversible redox waves.

Figure S1 in the Supporting Information (SI), which is a  ynder oxidative conditions, and2 undergo electrochemi-
slightly distorted square-planar structure with the pair of cally induced coupling resulting in dimers or other oligomers.
phosphine ligands and the pair of pyridine ligands situated | jgand 1 has only a single site available for oxidative
cis to one another. The-NPt—N angle exhibits compression coupling, due to the blocking ethylenedioxy group, but a
(83.73, similar to the N-Re—N angle of5), the P-Pt-P small percentage of compougctould undergo boti. and
angle is elongated (95.11 and the two P-Pt-N angles g couplings resulting in dimers with a variety of structures.
are close to 90(91.33 and 89.98). Compoundl exhibited an irreversible oxidative wave a ip
All of the cyclic voltammetry experiments for this study = 1.0V (Figure S3 in the SI). Scanning to 1.300 V resulted
were conducted under inert atmosphere conditions in aceto-in the growth of a film, as demonstrated by the increase in
nitrile with 0.1 M BwNPF; as the supporting electrolyte.  the current passed with each scan in the regior60.50
Full experimental details and tabulated data can be found into —1.50 V. The film growth stopped after20 scans, and
the SI. All redox values are reported versus the ferrocene/the film demonstrated a quasi-reversible peak associated with
ferrocenium (Fc/Ft) redox couple. First, we examined dimer formation. Removal of the electrode and electrochem-
complexes3 and4 to investigate any redox activity resulting istry in a solution of the supporting electrolyte without the
from the metal center bound to two pyridine ligands. Pyridine monomer present show that the dimer electrochemistry has
itself shows no redox chemistry in the window of interest. Ej, = —0.89 V (Figure S4 in the SlI). The films of the dimers
Compound3 exhibited only one reversible wave at 1.01 V  of compoundl were easily washed off of the electrode.
(Figure 2, top right) with a scan rate dependence consistent Cyclic voltammetry of2 over a window of+1.0 to—2.2
with species in solution (see the Sl) and two irreversible V resulted in the growth of a much more robust film that
waves near the edges of the solvent windowy €pl1.8 V had a reversible wave witk;, = —0.95 V and a pseudo
and ip = —2.8 V, in the SI). Neutral Re derivatives like reversible wave with ip= —1.8 V (Figure 2, top left).
ReCI(CO}L, where L is 2,2-bipy or phen, exhibit an  Similar systems have seen reductive waves associated with
irreversible oxidation wave attributed to expulsion of the radical anion and dianion formation in the range-¢f to
chloride ligand and replacement with an equivalent of —2.2 depending on the length of the thiophene bridge and
capping moietieg? 2> The scan rate dependence of the redox
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Chem. Soc2005 127, 12131+-12139. 2006 128 5792-5801.
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process at-0.95 V is consistent with a surface-bound species
(see the Sl). Films of oligomers @fpassed-5 times more
current than films ofl and were much more stable to
handling and washing. This may be attributable to the much
lower solubility in acetonitrile o2 compared tdl.
Compounds5 and 6 form polymers under oxidative
conditions because they each contain 2 equiv of ligand
For compound, the first scan exhibits an oxidative peak at
ipa Of ~0.9 V whose position steadily becomes more positive
with increasing scans. The oxidations dfand 3 overlap,
and we propose that the small reductive wave seenmigh
from reduction of a similar species observed3imut that
much of that oxidized species was removed by an electro-
chemical step, namely, electron transfer to the attached
bithiophene, which then undergoes a chemical coupling step.
Upon scanning in the reverse direction, a relatively sharp Figure 3. Photographs of films o2, 5, and6 grown on ITO plates and
reversible wave is observedBf, = —1.91 V. The sharpness held at various potentials. Plates a and b are filmg b&ld at—0.9 and
of this wave is usually indicative of a molecular-based redox —0-1 V (vs Fc/Fc), respectively. Plates ¢ and d are films ®held at
—1.1 and—0.1 V, respectively. Plates—g are films of5 held at—2.0,
couple (as opposed to a broader polymer-based wave). 43 ang 1.0 v, respectively.
Although we did not observe a reversible redox wave at this
potential with 3, many similar compounds do exhibit a color. UV—vis spectra of these films can be found in the
reversible peak in this rangé? With an increase in the S|, The similar behavior observed betwezand6 gives us
number of scans, this wave B, = —1.91 V broadens,  confidence that their electrochromic behavior is not metal-
which is indicative of the overlap of a polymer-based and pased, where films 06 show what is likely cooperative
ligand-based redox couple. The polymer film redox couple pehavior between the polymer and the Re(l) metal centers.

grovx:s_ W';[_T an mckrflzase in the q_umber |0f siansl, g_nd the " \ve have shown that compourgican be bound to late
resulting film is stable to rinsing. TH#y; value of polys is transition metals and used to prepare polymer films with the

gO%GbV more dgfic_ult :o redljlpe C(l)mpared mCompng transition metal held directly in the conjugated backbone of
exnibits a much simpler cyclic voltammogram, consistent . conducting polymer. The polymer films exhibit metal-

with the simplicity of the electrochemistry of the model dependent behavior. Fa8, the electrochemistry of the

f:omplex4. U.%?n sca;pmg 'S thelogl\d/atlv; dlrxﬂor;, the(;e Pt(Il)-containing polymer looks very similar to that the free
IS an IITeversibie peak jJust above 1.U V- and grown of a redox ligand2, where Re(l)-containing produces a polymer film

couple centered &, = _0'9.3 v assomgtgd with polg- with very different electrochemical properties. We are in the
We were unable to grow any films of transition metals bound process of exploring the conductivity of these films and
0 Fl (usmg?r?ndSi:I 9 5 and6 indi i removing the chloride ligand frorh to explore the use of
o .C;gu(rﬁ_ O)S: cg\;vtsédl m; sos’ I’a?gs _?;ZV}ITH?: merlgn;alge b those complexes as molecular sensors. We believetisat

X! 9 b : ! W y especially useful in that it can be applied to potentially any

holding the ITO plate at oxidizing potentials in solutions of - . o .
X . , late transition metal with at least two open coordination sites
the monomer for 2 min. After growing of the films, the plates
to prepare a polymer precursor.

were pulled out of the monomer solutions, rinsed with clean
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Much more striking is the polyelectrochromism associated

with films of 5 (Figure 3e-g). A solution of compoun® as Supporting Information Available: X-ray crystallographic file

a monomer in acetonitrile exhibits a yellow/orange color, (CIF) for 4 and 5 and additional experimental, structural, and
similar to when poly5 is held at a potential of0.1 V. Upon electrochemical details. The material is available free of charge
reduction of the polymer, the film takes on a distinct green Via the Internet at http://pubs.acs.org.

color when held at-2.0 V, and upon exposure of the film

to a voltage of 1.0 V, the polymer film takes on a purple 1C700635H
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