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Synthesis and Optical Properties of Conjugated Polymers
Containing Polyoxometalate Clusters as Side-Chain Pendants
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Hexamolybdate clusters have been covalently attached, for the first time, to the side chains of conjugated
polymers. Two sets of such hybrid conjugated polymers have been preparedia @mel (b) with the
clusters linked to the conjugated backbone through a rigid conjugated bridge, theltzthandllb)
through flexible alkyl chains. Within each set, polymers with different cluster loading ratios have been
prepared. The covalent attachment of POM clusters has been confirmietNyIR, FTIR, and cyclic
voltammetry measurements. These hybrid polymers are thermally stable up t€23@tl polymers
(la andlb) exhibit maximum absorption wavelengths,§) around 410 nm, while sét polymers (la
andllb) show higheimax values, around 440 nm. Fluorescence studies show that side-chain POM pendants
linked through conjugated bridges exhibit a much higher fluorescence quenching effect than those with
flexible alkyl bridges, indicating that the through-bond photoinduced electron transfer may be the dominant
mechanism for fluorescence quenching. With efficient fluorescence quenching that results in free charge
carriers residing in different structural units (positively charged holes in the PPE backbone and negatively
charged electrons in the POM clusters), these hybrid polymers may have great potential for applications
in photovoltaic (PV) cells.

Introduction gistic effectst For example, anchoring nonlinear optical
chromophores to a conjugated polymer backbone has led to
photorefractive materiafsand introducing chemically per-
sistent pendant radicals may result in organic molecular or
nanomagnet$.Linking electron acceptors, such a$°Go

. J conjugated polymers as side-chain pendants has resulted in
based transistofs,ultra-sensitive sensory systef@and g stems with highly efficient photoinduced electron transfer,
polymer photovoltaic (PV) cellS.etc. leading to a whole hich has led to the fabrication of efficient solar célls.,

new research arena of plastic electronics. One unique featuresgy oy ometalates (POMSs) are attractive molecular clusters
for conjugated polymers is the great flexibility in anchoring "oy because of their unlimited structural versatilities

additional functional units to their side chains, allowing not and appealing structural featu?ésit also due to their rich
only the flne-_tunl_ng of their electronlc/optlcal_propertles but electrical and optical propertiééone of which is indeed
also the realization of new properties resulting from syner- yir electron-accepting capability. The reduction process is
usually reversible and occurs with marginal structural varia-
*‘?lo"esf’ongng author. Phone: (816) 235-2288; fax: (816) 235-5502; tions, It is envisioned that a hybrid conjugated polymer with
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Conjugated polymers are perhaps the most widely and
extensively studied systems in the past decadremling the
heat are a series of exciting discoveries including the
demonstrations of polymer light-emitting diodegolymer-
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Figure 1. Structures of two sets of hybrid conjugated polymers and PP poljliiner

ing hybrid polymers that were shown to exhibit efficient
photoinduced charge separatidiheir PV cell performance,
albeit promising, is however limited by the poor charge-

transporting properties of those polymers since they contain
dof polymers have a poly(phenylene ethynylene) (PPE)

only limited sr-extended conjugated segments. Conjugate

polymers with POM as side-chain pendants are expected to ,
spolymer system&’ Hexamolybdate clusters are linked to the

be better candidates for PV applications as such polymer
may exhibit both efficient charge separation and efficient
charge transporting properti&¥.

Hybrid materials based on organic conducting polymers
and POM clusters have been the focus of research for over

a decadé? The majority, if not all of the research, however,

Results and Discussion

Synthesis of Monomers and Polymerskigure 1 shows
the structures of the two sets of hybrid polymers. Both sets

backbone, one of the most extensively studied conjugated

PPE backbone through either a rigid conjugated bridge (set
| polymers) or a flexible nomeconjugated alkyl bridge (set

[l polymers). Itis so designed that the effectre€onjugation

on the photoinduced electron transfer from the PPE backbone
to the POM cluster can be studied.

has been limited to composite materials where POM clusters There are, in principle, two approaches to prepare the
are either embedded in a polymer mattigr sandwiched  targeted polymer hybrids, namely, the polymerization
between cationic polymers through layer-by-layer asseffibly. hybridization (polymerization first) approach and the hy-
Hybrid polymers with covalent attachment of POM clusters bridization—polymerization (hybridization first) approach. As
have SO far been ||m|ted to insu'ating nonconjugated ShOWﬂ in SCheme 1, the fil’St route inVOIVeS the Synthesis Of
polymerst® In this paper, we report the detailed synthesis Precursor polymers with arylamine functional pendants. The
of the first two sets of hybrid conjugated polymers with POM hybridization is then carried out on precursor polymers. The
clusters as side-chain pendants and the studies of theisecond approach starts with the synthesis of hybrid mono-

electronic, optical, and electrochemical properties.
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mers, which are then used directly for the synthesis of the
targeted polymers. While the first route may allow better
control over the degree of polymerization and offers the
convenience in synthesizing polymer hybrids with varying
clusters, the post-polymerizatieimybridization step lacks
control on the extent of cluster functionalization. Further-
more, the four precursor polymers were found to exhibit
rather poor solubility in organic solvents. We have thus
chosen the second route, whose crucial step is the synthesis
of hybrid monomers with two iodo or two ethynyl functional
groups.

Scheme 2 shows the synthesis of a hybrid monomer where
the cluster is anchored with a rigid orgamnicsystem carrying
remote bifunctionality (two ethynyl functional groups).
2-lodio-1,4-dibromobenzen@)was synthesized from 2,5-
dibromoaniline through the Sandmeyer reaction. Taking
advantage of the higher reactivity of iodo over bromo in the
palladium-catalyzed Sonogashira coupling reactiértbe
iodo group in2 was selectively converted to an ethynyl group
(compound3), which was then selectively coupled with

(17) Bunz, U. H. FChem. Re. 200Q 100, 1605.
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Scheme 1. Two Synthetic Routes to Conjugated Polymer Hybrids

Scheme 2. Synthesis of Hybrid Monomer 6
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4-iodo-2,6-dimethylaniline to give compou#ddn 69% yield. be assigned to protons a, d, b, and c, respectively (see Scheme

Both steps were carried out at room temperat@ifenother 2 for hydrogen labeling). Protons in the tetrabutylammonium
Sonogashira coupling reaction, at an elevated temperaturecounterion appear at chemical shifts of 0.96, 1.37, 1.57, and
this time, converts the two bromo groupgito two ethynyl 3.09 ppm.
groups b). The hybrid monomer was finally prepared by Figure 2 shows the X-ray crystal structure of the anion in
the reaction of the arylamine with the hexamolybdate cluster 6. Compoundb crystallizes in the orthorhombic space group
under conditions previously reportédl. P2,2,2,. The imido linkage between the organic segment and
Monomer 6 was characterized bjH NMR and X-ray the cluster shows features common to all imido derivatives
single-crystal diffraction. In itdH NMR spectrum, the two  of hexamolybdates, such as a linear M$—C bond angle
alkynyl protons give two singlets at 3.85 and 3.56 ppm. In and a shorter ©to imido bearing Mo bond length than to
the aromatic region, two singlets at 7.60 and 7.26 ppm andits para Mo atom, et The two phenyl rings are significantly
two doublets at 7.53 and 7.45 ppm are observed, which cantwisted away from the planar configuration as a large dihedral
angle of 46.8 is observed.

(18) (a) Golt, A.; Ziener, UJ. Org. Chem1997 62, 6137. (b) Huang, S.;

Tour, J. M.Tetrahedron Lett1999 40, 3347. (21) (a) Gouzerh, P.; Proust, £hem. Re. 1998 98, 77. (b) Strong, J.
(19) Sonogashira, K.; Tohda, Y.; Hagihara, Retrahedron Lett1975 B.; Yap, G. P. A; Ostrander, R.; Liable-Sands, L. M.; Rheingold, A.
4467. L.; Thouvenot, R.; Gouzerh, P.; Maatta, E.JAAmM. Chem. So2000

(20) Wei, Y.; Xu, B.; Barnes, C. L.; Peng, 4. Am. Chem. So001, 122, 639. (c) Stark, J. L.; Young, V. G., Jr.; Maatta, E. Angew.

123 4083. Chem., Int. Ed. Engl1995 34, 2547.
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Figure 2. Anion structure of6. The displacement ellipsoids were drawn
at the 50% probability level. Selected bond lengths (A) and bond angles
(deg): Mo:-N1 1.738(3), Mo+-01 2.207(3), Mo2-014 1.692(3), Moz

01 2.341(3), Mo3-015 1.698(3), Mo3-01 2.343(3), Mo4 016 1.700-

(3), Mo4—01 2.345(3), M05-017 1.685(3), Mo501 2.325(3), Mo6-

018 1.687(3), Mo6-01 2.349(3), N+C1 1.380(5), and MotN1-C1
178.7(3).

Figure 3. Trimer structure assembled through multiple hydrogen bonds
(most of the hydrogen atoms are omitted for clarity), viewed along the
direction of the molecular axis (a) or perpendicular to the molecular axis

(b).

Within the lattice of6, the hybrid anions are grouped into
trimers. As shown in Figure 3, each trimer contains two
molecular rods aligning parallel to each other with a
separation distance of 13.76 A, while the third parallel rod
with head and tail reversed is located right between, but off

the center orthogonally by 2.47 A (see Figure 3a, viewing 15

Xu et al.

in the crystal structures of a few other imido derivatives of
hexamolybdate%

To prepare hybrid polymers with POM clusters linked
through a flexible linkage, monomés3 was designed, and
its synthetic approach is shown in Scheme 3. Starting from
4-methoxyphenol, compouriiwas prepared in 95% yield.
The Sonogashira coupling @fwith 8, which was synthesized
by protecting the arylamine group of 4-iodo-2,6-dimethyl-
aniline with phthalimide, gave compourgdin 90% yield.
Catalytic hydrogenation of the triple bond $hwith Pd/C
produced compoundO in excellent yields. Subsequent
iodination onl0occurred selectively on the phenyl ring with
dialkoxy substituents, giving1 in 84% yield. Compound
12 was then prepared by reactiridl with hydrazine to
regenerate the arylamine group. The imido formation reaction
of 12 with hexamolybdate occurred smoothly in refluxing
acetonitrile in the presence of DCC. Unfortunately, it was
found to be rather difficult to obtain a significant amount of
monomerl3in high purity (see Supporting Information for
the 'H NMR spectrum of13). There are residual parent
hexamolybdate clusters that could not be eliminated com-
pletely due to the poor crystallization tendency of compound
13. The existence of impurity il3 complicates the sto-
ichiometric calculation and thus limits the degree of polym-
erization. In view of the perspective that free hexamolybdate
clusters may be easily separated from the final targeted
polymers, an alternative synthetic approach combining the
hybridization and the subsequent polymerization in one pot
was thus explored.

As shown in Scheme 4, the one-pot synthesis started with
compoundl?2 (or 5). Stoichiometric calculation for polym-
erization was therefore based on compoub@gor 5), 14,
and15. Thus, compound? (or 5) was first allowed to react
with excess hexamolybdate in acetonitrile to ensure complete
functionalization of all arylamine groups. After the reaction,
the solvent (acetonitrile) was stripped off under vacuum. A
mixed solvent of THF and DMF, together with compounds
14, 15, and the catalyst system, was then added to promote
polymerization. After polymerization, the reaction mixture
was filtered to remove excess hexamolybdates, and the
filtrate was poured into acetonitrile. Polymer precipitated
while free hexamolybdate clusters remained in solution. To
be consistent, both sets of polymeta,(lb, lla, andllb)
were synthesized by the previous approach. For comparison,
a PPE polymer that does not contain POM pendants (polymer
[l1') was also synthesized by the coupling reactiotivith

held together by multiple nonconventionat-&---O hydro-
gen bonds (Figure 318%, among which the strongest is
between the:-O of the cluster and the alkylnyl hydrogen

in acetone, DMSO, chloroform, and dichloromethane but
insoluble in acetonitrile, methanol, and THF. TH¢ NMR
spectra of compounds, 6, and polymerla are shown in

whose separation distance is only 2.32 A. Other hydrogen Figure 4.

bonds include those between an-it and a terminal oxygen
of the cluster (2.51 A) and an AiH and au,-O of the cluster

Compound5 in acetoneds shows singlets at 3.82, 4.07,
and 4.70 ppm. The first two signals can be assigned to the

(2.63 A). Similar weak hydrogen bonds have been observedtwo ethynyl protons, while the third singlet is attributed to

(22) Desiraju, G. R.; Steiner, Tthe Weak Hydrogen Bond In Structural
Chemistry and Biology(International Union of Crystallography,
Monographs on Crystallography, No. 9); Oxford University Press:
Oxford, 2001.

the arylamine group. After hybridization and subsequent

(23) (a) Stark, J. L.; Young, V. G., Jr.; Maatta, E. Angew. Chem., Int.
Ed. Engl.1995 34, 2547. (b) Xu, L.; Lu, M.; Xu, B.; Wei, Y.; Peng,
Z.; Powell, D. R.Angew. Chem., Int. EQR002 41, 4129.
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Scheme 3. Synthesis of Monomer 13
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Table 1. Theoretical and experimental Mo content of the four

olymerization, the arylamine signal disappeared completely,
poly y 9 P P y hybrid polymers

and new peaks corresponding to the tetrabutylammonium

counterions appeared at 3.40, 1.78, 1.44, and 0.95 ppm, lla Ilb la Ib
indicating rather complete NMo imido bond formation Mo% (theoretical) 18.57 13.74 19.14 14.05
Mo% (experimental) 15.09 10.40 16.07 10.30

during the hybridization process. TRE NMR spectra of
la andlb show no ethynyl proton signals, while new peaks
corresponding to the alkoxy side chains appeared at 3.78
and 1.22 ppm. The lack of an alkynyl proton signal indicates
either high degrees of polymerization for polyméasand
Ib or dominant iodo end groups in these polymers. The
¥ methylene protons in the neopentoxy substituents appeared
: at 3.78 ppm. The integration ratio of the signals at 3.78 ppm
3 (-OCH,-) versus the one at 3.40 ppm (-NgMfor polymer
la is 1.2, consistent with the theoretical value of 1.25. The
IH NMR spectrum of monomet2 shows two singlets in
the aromatic range at 6.84 and 7.17 ppm (see Supporting
Information). The amine protons give a singlet at 3.60 ppm.
After one pot hybridization/polymerization, the amine signal
again completely disappeared. New signals corresponding
to the counterion protons again appeared.

Elemental analysis of polymers confirms the existence of
clusters. As shown in Table 1, while the analyzed Mo
contents are consistently lower than the theoretical values
by about 3-4%, which may be due to the lower reactivity
of monomers and13than those ol5and14, respectively,

— the Mo contents do follow the trend of loading ratios (e.g.,

IIIIIII]IlIIIIIIIII[II1I|IIII|IIII|II1I

7 6 35 4 3 2 pPpm

Figure 4. H NMR spectra of5, 6, and polymera in acetoneds.

polymersla andlla have higher Mo contents thdh and
lb).

The attachment of clusters to the polymer backbone is also
confirmed by IR measurements. As shown in Figure 5, the
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Figure 5. IR spectra of compoun@ and polymerda andlIb.

IR spectrum of monomes shows absorption bands at 783,
951, and 975 cm, which are typical absorptions of imido
derivatives of hexamolybdatésTwo characteristic stretch-
ing bands for the &C triple bonds appear at 2104 and 2206
cm 1, attributable to the terminal and internal alkyne bonds,
respectively. The absorption centered at 3240 ‘coorre-
sponds to the stretching vibration of the alkynyl hydrogen.
For polymersla and Ib, however, the bands at 2104 and
3240 cm! have disappeared, indicating complete incorpora-
tion of monomer6 into the polymer backbone. The three
bands at 783, 951, and 975 chare clearly shown in the
IR spectra of polymerka andlb, signaling the existence of
imido-functionalized hexamolybdates in the polymers. As
compared td, the IR spectra of polymeds andlb show
new bands, such as the one at 1217 £mvhich can be
assigned to the stretching mode of O bonds. The relative
intensity of the band at 951 crhversus the one at 1217
cm! for la is higher than that ofb, indicating that the
percentage amount of functionalized clusters in polytaer
is higher than that db, consistent with experimental loading
ratios. The IR spectra of polymetta andllb are very
similar to those ofa andlb. A clear, well-resolved peak at
975 cn1t is observed for bothla andllb, indicating the
existence of Me-N imine bonds.

Molecular Weights. The molecular weights of these
hybrid polymers were evaluated by viscometry, gel-
permeation chromatography (GPC), and light-scattering

measurements. The GPC measurements, which were carrie@

out at 30°C using a Styrogel 4E column with DMF as the
eluent and polystyrene as the standards, give averag
molecular weights of 169 and 176 kDa fta and lla,
respectively. It is noted that the separation of such hybrid
polymers in GPC columns is very poor as exceedingly
narrow molecular weight distributions<(.01) for bothla
andlla were obtained (see Supporting Information). While

(24) Li, Y.; Hao, N.; Wang, E.; Yuan, M.; Hu, C.; Hu, N.; Jia, hhorg.
Chem.2003 42, 2729.

the molecular weights based on GPC (relative to polystyrene
standards, which are clearly not good standards for the rigid
polymers) may be questionable, light-scattering analysis,
performed on a DAWN EOS system from Wyatt Technolo-
gies with an Optilab rEX DRI detector, gives an average
molecular weight of 15.7 kg/mol fota, indicating that
polymers are indeed obtained. Realizing that the poor GPC
separation of hybrid polymers may be due to the existence
of ionic clusters, we have attempted to break the-Nib
bonds and then subject the resulting cluster-stripped polymers
for GPC analysis. Thus, 0.5 mL of @EOOH was added to

a 5% DMF solution of a hybrid polymer (3 mL, wt %). Dark
red precipitates were formed in 10 min and the color of the
solution changed from red to yellow. The resulting polymer
precipitates, unfortunately, are not soluble in any organic
solvents and thus could not be subjected to GPC analysis.
The intrinsic viscosity for polymeta, measured using an
Ubbelohde capillary viscometer at 3@, is 39 cni/g.

Thermal Properties. Thermal properties o6 and the
hybrid polymers were studied by thermogravimetric analysis
(TGA), and the results are listed in Table 2. All four hybrid
polymers are thermally stable up to 220 under nitrogen,
as is monomei6. The decomposition of the four hybrid
polymers appears to occur in two stages with the first weight
loss of about 25% occurring rapidly within a 10 degree range,
followed by a slower but significantly larger weight loss of
bout 50%. Beyond 450C, no further weight loss is
observed for all four polymers up to 60C. By comparing

ethe TGA thermograms of polymeta andlb with that of

monomer6, as shown in Figure 6, one may conclude, with
reasonable confidence, that the initial decomposition is
associated with the attached hybrid cluster while the second
decomposition process is attributed to the breakdown of the
polymer backbone. The residual amounts for polyniars
andlb are 26 and 22%, respectively, which correspond well
to their respective cluster anion contents of 29 and 21%
(assuming the thermally decomposed residue is Blold
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120 Table 2. Thermal, Electrochemical, and Optical Properties of
Hybrid Conjugated Polymers
100 T4 CV (V vs Ag/Ag™) AmasfPS AmaE™ n
1 (°C) Ered Eox®  (nm) (hm) (%)

@ 80 o la 242 —0.93,—2.06 0.58 406 466 0.04
< 3 b 250 —0.94,-2.04 060 410 468 0.09
= | = lla 220 —0.97,—1.83 0.57 444 473 0.16
2 60 6 2 b 253 —0.96-1.98 056 442 474 023
= 1 P I 260 —2.04 055 425 472 0.29

40 129.5 5 aOnset decomposition temperatubénset voltage (irreversible oxida-

’ tion). ¢ Fluorescence quantum efficiencies measured in dilute methylene
20 chloride solutions.
Ib
working electrode, Ag/Ag electrode (0.01 M AgNg) as
0 the reference electrode, and a Pt wire as the counter electrode.

0 100 200 300 400 500 600 X
0 [BusN]PFs was the supporting electrolyte, and the scan rate
Temperature (°C) was 30 mV si. For polymer samples, thin films were cast
Figure 6. TGA thermograms o, la, and Ib. The inset is the DSC g the platinum disk working electrode. For other samples,
thermogram of. . . . .
acetonitrile solutions were used. The results are listed in
should be pointed out that mononteshows clearly different ~ Table 2. Figure 7 shows the cyclic voltammograms of
decomposition behavior. After the initial 20% weight loss, monomer6 and polymerdb and Illa. Monomer6 shows
the second stage weight loss fras compared to those of  one reversible one-electron reduction wave-@t905 V AE,
hybrid polymers, is much shallower and continues up to 600 = 0.13 V). Under the same conditions, the free hexamolyb-
°C. No leveling-off is observed. The residual amount for date cluster, [MgO¢][BusN],, shows one reversible one-
monomer6 at 600°C is 68%, much higher than its cluster electron reduction wave at0.692 V (AE, = 0.09 V).
anion content of 53.5%. Clearly, a certain amount of organic Scanning in the range of 0 te-2.5 V, all four hybrid
components survived at such a high temperatures. Examiningoolymers reveal one quasi-reversible reduction wave at
its DSC thermogram (shown in Figure 6 as an inset), one —2.10 V Eonset= —1.83 V), which can be attributed to the
notices a relatively sharp melting transition at 1295peak reduction of the conjugated polymer backbone since a similar
temperature) and an exothermal transition peaking aroundreduction wave is observed for polymdr (Table 2). There
201 °C. Considering the fact that no weight loss occurred is also a very small and yet clear reduction wavé&gt=
during these transitions, the exothermal process is likely due—1.03 V, as shown in the expanded view of the CV curve
to chemical reactions associated with the terminal alkynes. of Ila in Figure 7. This process is assigned to the reduction
Similar exothermal transitions have been observed for otherof the pendant clusters, and the irreversibility is consistent
terminal alkyne-containing hybrids such as 4-ethynyl-2,6- with other imido derivatives of hexamolybdates that are
dimethylimidohexamolybdate. It is possible that the thermal known to undergo an irreversible reduction process in the
cross-linking of terminal alkynes results in an organic range of —2.0 to —2.5 V2¢ The irreversible reduction
mr-carbon network that is more thermally stable. The percent- process becomes reversible when the scanning range is
age amount including the cluster anion portion and the shorted to O to approximatetyl1.5 V, which is shown clearly
mr-carbon portion (excluding the counterions and the alkyl in Figure 7 for bothlb and lla. No reduction wave
groups) in6 is indeed 68%. The decomposition of polymers corresponding to free hexamolybdate clusters can be identi-
lla andllb shows similar features to that & andlb. fied, indicating that all clusters are attached to the polymer
Electrochemistry. The electrochemistry of the hybrid backbone as pendants and that free hexamolybdate clusters
polymers was studied by cyclic voltammetry. The experi- are negligible. All four hybrid polymers exhibit such a
ments were carried out in acetonitrile at room temperature reversible reduction wave in the range-60.93 to—0.95 V
under the protection of Argon using a BAS Epsilon EC (see Table 2), while polymdt shows no electrochemical
electrochemical station emplogjra 1 mn3 Pt disk as the process from 0 to—1.2 V. During the anodic scan, all
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Figure 7. Cyclic voltammograms of monomérand polymerdb andlla. UV/vis absorption spectra @ and the hybrid polymers.
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polymers exhibit broad irreversible oxidation waves centered Figure 9. Fluorescence emission spectra of polyitierand the four hybrid
around 1.2 V, which are attributed to the oxidation of the Polymers. The insetis the FL spectrum of monorier

conjugateq polymer. bacl'<bones. , also lower than that of polyméH . As listed in Table 2, the

. Electronic Properties. Figure 8 ghows the UV/vis absorp- fluorescence quantum yield of polymet in dilute meth-
tion spectra of monomef and the five polymers. Compound v 06 chioride solution is 0.29, while the fluorescence
6 shows a broad absorption band in the visible range with aquantum yields of polymert, Ib, lla, andllb are 0.04

Amax Of 394 nm, Whif:_h is aSSiQ”ed to the ligand-to-metal 0.09, 0.16, and 0.23, respectively. Adding hexamolybdate
charge-transfer transition associated with the-Niosz-bond- clusters to the solution of polymeH , even up to 1 equiv
ing and the:D” ) tl’al’llSItIOI’] °_f the orgaglmlexter:dedh of the repeating unit, exhibits little quenching effect on the
sEgmeqt. There |sdaso an mtenr?ehem lre e;nveé/.s ﬁrppolymer fluorescence, indicating that the fluorescence quench-
absorption centered at 276 nm, which is also found in the ing is indeed promoted by covalent binding of the clusters

gbsqrphon speptrum of compouﬁcbut' pot4. Th|§ absor?' to the polymer backbone. Within each set, the higher the
tion is thus attributed to the[lz* transition associated with | \cter loading ratio in the polymer, the lower the fluores-

the p-digthynylphenyl s_egment. After polymerization, this cence quantum yield. Clearly, the covalently linked POM
absorption peak has disappeared, while Zhg values of clusters, particularly those with conjugated linkages, exhibit

the polymers red-shifted. Thénax values of polymersa, significant fluorescence quenching. It is believed that the
Ib, lla, andllp are 406, 410, 444, and 442, respectively. photoinduced electron transfer from the PPE backbone to
Polymerlll , without POM pendants, hastaax of 425 nm. the POM clusters accounts for the fluorescence quenching.

The slightly lower maximum absorption wavelengths for set | iq jiely that the through-bond electron-transfer mechanism
I polymers than that ofll is likely due to the rigid and dominates for set polymers, while for sellpolymers, only

bulk substitulent_s that distort ghain c.or.1jug.ation_ The If”‘Ck,Of the through-space mechanism is possible, which may not be
alkoxy substitution on the chain-participating phenyl ring in - ¢ oticient

6 may also result in a blue-shifted Jz* transition. Setll
polymers, on the other hand, have red-shiftédz* transi-
tions. In setll polymers, POM clusters hang flexibly and
away from the backbone. In addition, the chain-participating  Hexamolybdate clusters have been covalently attached, for
phenyl ring in12 or 13 has a methoxy substituent that is the first time, to the side chains of conjugated polymers. Two
much less sterically demanding than the neopentoxy groupssets of such hybrid conjugated polymers have been prepared,
in polymerlil . The PPE backbone in siétpolymersisthus  one (a andlb) with the clusters linked to the conjugated
less distorted, leading to lower band gaps. backbone through a rigid conjugated bridge, the otHar (
Unlike previously reported main-chain POM-containing and lIb) through flexible alkyl chains. Within each set,
polymers that exhibit no fluorescen®e;onjugated polymers  polymers with different cluster loading ratios have been
with POM pendants do show fluorescence from the polymer prepared. While pure monome&ywhich has remote bifunc-
backbone. As shown in Figure 9, all four hybrid polymers tionality, has been successfully prepared, a convenient one-
show very similar fluorescence emission spectra to that of pot synthesis has been utilized to prepare all hybrid polymers.
polymerlll , except for a slight blue shift for setpolymers. The covalent attachment of POM clusters has been confirmed
Monomer 6, however, exhibits negligible fluorescence by 'H NMR, FTIR, and cyclic voltammetry measurements.
(Figure 9, inset). While all hybrid polymers are fluorescent, These hybrid polymers are thermally stable up to 220
the fluorescence intensities and quantum yields of polymersSet | polymers (a and Ib) exhibit maximum absorption
la andlb are significantly lower than that of polyméi . wavelengths Amay) around 410 nm, while sdt polymers
Polymerslla andllb, on the other hand, are still highly (lla and llb) show higherimax values, around 440 nm.
fluorescent, although their fluorescence quantum yields areFluorescence studies show that side-chain POM pendants

Conclusions
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linked through conjugated bridges exhibit a much higher mL) was stirred at room temperature overnight and was then poured
fluorescence quenching effect than those with flexible alkyl into hexanes (300 mL). The resulting mixture was washed with
bridges, indicating that the through-bond photoinduced Water (3x 300 mL). The organic layer was collected and filtered
electron transfer may be the dominant mechanism for through Celite 545 (Fisher Co.). The filtrate was stripped of solvent

fluorescence quenching. With efficient fluorescence quench- [0 9/Ve 4.16 g of the trimethylsilyl-protected precursor, which was
ing that results in free charge carriers residing in different then desilylated by the following procedure: tetrabutylammonium

. . . fluoride (1 M solution in THF, 20 mL, 20 mmol) was added to a
structural units (positively charged holes in the PPE backboneSOIution of 2,5-dibromotrimethylsilylethynylbenzene (4.16 g) in

and negatively charged electrons in Fhe POM Clu.SterS)' th_esemethylene chloride (50 mL). The resulting mixture was stirred at
hybrid polymers may have potential for applications in  room temperature for 15 min and was then poured into hexane (300

photovoltaic (PV) cells.

Experimental Procedures

Compounds 14 and5 were prepared according to literature
procedure$® THF was purified by distillation over sodium chips
and benzophenone. Triethylamine was distilled over L&l of

mL). The resulting solution was washed with water{(300 mL),

and the organic layer was collected, dried over magnesium sulfate,
and then stripped of solvent to afford crude product. The crude
product was purified by flash chromatography 4&4, neutral,
hexane as the eluent) to yield compoubh@reddish solid, 3.2 g,
89%). Mp 43-44°C.H NMR (400 MHz, CDC}, 25°C): ¢ 3.42

(s, 1 H,—CCH), 7.33 (ddJ = 8.4 Hz, 2.4 Hz, 1 H, ArH), 7.44

the other chemicals were purchased either from ACROS or Aldrich (4 3= g 8 Hz, 1 H, ArH), 7.65 (d,J = 2.4 Hz, 1 H, AFH). 13C

and were used as received unless otherwise stated'H NMR

NMR (CDCl;, 100 MHz)6 80.8, 83.3, 120.8, 124.5, 126.4, 133.3,

spectra were collected on a Varian 400 MHz FT NMR spectrometer. 133.9 136.7.

Thermal analyses were performed on Shimadzu DSC-50 and TGA-

60. GPC measurements were performed étG0n a Waters setup

Compound 4.Compound3 (4.6 g, 17.7 mmol), 2,6-dimethyl-

(a Waters 210 pump, a Waters R401 differential refractometer, and 4-iodo-aniline (4.0 g, 16.2 mmol), bis(triphenylphosphine)palladium

a styragel 4E column) with DMF as the eluent. The calibration

curve was determined by use of five polystyrene standards from
y POSY N evacuated and backfilled with nitrogen three times. THF (30 mL)

800 to 90 000. Light-scattering analysis was carried out on a DAW
EOS system with an Optilab rEX DRI detector from Wyatt

(I1) chloride (0.34 g, 0.48 mmol), and copper(l) iodide (0.17 g, 0.9
mmol) were added to a 100 mL two-neck flask. The flask was

and triethylamine (3 mL) were then added to the flask with a

Technologies. FT-IR spectra were obtained from samples disperseosyringe' After being stirred at room temperature for 10 h, the

in KBr pellets and recorded on an IR100 FT-IR spectrometer

(Thermo-Nicolet Co.). A Hewlett-Packard 8452A diode array

spectrophotometer was used to record the UV/vis absorption spectra
Photoluminescence properties were measured using a Shimadzu R

reaction mixture was poured into water (400 mL) and extracted
with methylene chloride (3x 200 mL). The organic layer was
collected, dried over N&O,, and stripped of solvent to give the

F(_:rude product, which was further purified by chromatography (silica

5301PC spectrofluorophotometer. Cyclic voltammetry (CV) studies 9€! €luent?) to yield 4.24 g of compouddgray solid, 69%, mp

were carried out in acetonitrile at room temperature under the

protection of nitrogen using a BAS Epsilon EC electrochemical
station employig a 1 mn? Pt disk as the working electrode, Ag/
Ag" electrode (0.01 M AgNg) as the reference electrode, and a
Pt wire as the counter electrode. [BPFs was the supporting
electrolyte, and the scan rate was 30 mV. $or monomes, the

measurements were done using its acetonitrile solutions. For

polymers, a thin polymer film was first cast onto the Pt disk working

120-122°C). 'H NMR (400 MHz, CDC}, 25°C): 6 2.18 (s, 6

H, Ar—CHy), 3.82 (s, 2 H, Ar-NHy), 7.19 (s, 2 H, Ar-H), 7.23
(dd,J = 8.4, 2.4 Hz, 1 H, ArH), 7.43 (d,J = 8.8 Hz, 1 H, Ar-

H), 7.63 (d,J = 2.4 Hz, 1 H, Ar-H). 3C NMR (CDCk, 62.5 MHz)

5 17.4,84.9,97.2,110.7, 120.6, 121.4, 123.9, 128.1, 131.5,133.5,
135.1, 136.4, 144.2.

Compound 5. A mixture containing compound (1.6 g, 4.2
mmol), triisopropylsilylacetylene (1.84 g, 10.1 mmol), bis(tri-

electrode, and the voltammograms were recorded in acetonitrile. phenylphosphine)palladium (Il) chloride (0.12 g, 0.17 mmol),

Compound 2. 2,5-Dibromoaniline (9.0 g, 35.9 mmol) and
hydrochloric acid (15 mL, 37%) were dissolved in 38 mL of
acetonitrile (38 mL). The solution was cooled te B0 °C. To this

copper (1) iodide (60 mg, 0.32 mmol), triethylamine (30 mL), and
THF (10 mL) was stirred at 80C under nitrogen for 48 h. After
being cooled to room temperature, the mixture was poured into

solution was added dropwise an aqueous solution of sodium nitrite hexane (300 mL) and was then washed with watex (300 mL).

(3.2 g, 46.4 mmol in 15 mL of water). The resulting mixture was
stirred at 5-10 °C for 20 min and then poured into a solution of
potassium iodide (60 g, 0.36 mol) in water (75 mL). The mixture

The organic layer was collected and filtered through Celite 545
(Fisher Co.). The filtrate was stripped of solvent. The resulting solids
were purified by chromatography (AD;, neutral, hexanes/ethyl

was set undisturbed for 20 min and was then extracted with acetate= 5:1 as the eluent) to give the triisopropylsilyl protected

methylene chloride (X% 300 mL). The organic layer was collected,
washed with water (3x 400 mL), and dried over magnesium

coupling product (pale solid, 1.8 g), which was then desilylated
using a procedure similar to the one described in the synthesis of

sulfate. The solvent was evaporated to yield crude product, which compound3 to yield compound in 82% overall yield (brown solid,

was purified by column chromatography (8, neutral, hexane
as the eluent) to afford compour2d(10.6 g, 82%) as a colorless
liquid, which solidified after 24 h. Mp 3#38.5°C. 1H NMR (400
MHz, CDCl, 25°C): 6§ 7.28-7.35 (m, 1 H, ArH), 7.45 (d,J =
8.5 Hz, 1 H, Ar-H), 7.97 (d,J = 2.5 Hz, 1 H, Ar-H). 13C NMR
(CDCl;, 62.5 MHz)6 102.3, 121.4, 124.3, 128.8, 132.7, 133.7.
Compound 3. A mixture containing compoung (5.0 g, 13.8
mmol), trimethylsilylacetylene (1.63 g, 16.6 mmol), bis(tri-
phenylphosphine)palladium (II) chloride (0.3 g, 0.43 mmol), copper
() iodide (0.18 g, 0.95 mmol), triethylamine (4 mL), and THF (40

(25) Bao, Z.; Chen, Y.; Cai, R.; Yu, IMacromolecules993 26, 5281.

0.93 g, mp 143145 °C). 'H NMR (CD3COCD;, 400 MHz, 25

°C): 0 2.14 (s, 6 H, Ar-CHy), 3.82 (s, 1 H, -CCH), 4.07 (s, 1 H,
-CCH), 4.70 (s, 2 H, AFrNHy), 7.10 (s, 2 H, Ar-H), 7.38 (dd,J

= 6.4 and 1.6 Hz, 1 H, ArH), 7.51 (d,J = 8.0 Hz, 1 H, Ar-H),

7.55 (s, 1 H, Ar-H). 3C NMR (CDCk, 100 MHz) 6 17.6, 79.4,
82.2,82.7,82.8,85.0,96.1, 111.5, 121.6, 122.6, 124.5, 127.7, 130.6,
132.1, 132.6, 135.1, 144.0. Anal. Calcd forl@isN: C, 89.18; H,
5.61. Found: C, 88.87; H, 5.46.

Compound 6. A mixture containing compoung (0.1000 g,
0.3715 mmol), DCC (0.0919 g, 0.446 mmol), [ ¢ [N(C4Hg)4]2
(0.608 g, 0.446 mmol), and GBN (5 mL) was refluxed for 12 h.
After being cooled to room temperature, the reaction mixture was
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filtered to remove the white precipitates (side product urea). The 7.20 Hz, 12H, -CH), 2.09 (quintJ = 6.40 Hz, 2H, -CH-), 2.64—

filtrate was stripped of solvent. Acetone<3 mL) was then added
to the residual solids, and insoluble solids (excess [Mgl-
[N(C4Hg)4]2) were removed by filtration. The solvent was evapo-

2.69 (m, 4H, -CH- and -CH-), 3.78 (s, 3H, -OC#| 4.10 (t,J =
6.0 Hz, 2H, -OCH-), 6.87 (m, 4H, ArH), 7.30 (s, 2H, ArH), 7.82
(dd,J = 3.2 and 2.4 Hz, 2H, ArH), 7.97 (dd,= 3.2 and 2.4 Hz,

rated under vacuum again, and the resulting solids were recrystal-2H, ArH). 13C NMR (CDCk, 100 MHz): 6 16.4, 24.0, 28.8, 29.5,

lized twice from acetone/ethyl ether to give 0.32 g of compoéind
(54%, mp: 128-129 °C). 'H NMR (CDsCOCD;, 250 MHz, 25
°C): 0 7.66 (s, 1H, ArH), 7.53 (dJ = 8.0 Hz, 1H, ArH), 7.45 (d,
J=8.0Hz, 1H, ArH), 7.26 (s, 2H, ArH), 3.85 (s, 1ECH), 3.57
(s, 1H,=CH), 3.09 (t,J = 7.9 Hz, 16H, NCH"), 2.61 (s, 6H, Ar-
CHj3), 1.57 (m, 16H, -CH), 1.37 (m, 16H, -CH), 0.96 (t,J =
7.2 Hz, 24H, CH). Anal. Calcd for G,HgsMogN3Oyg: C, 38.65;

H, 5.30. Found: C, 38.26; H, 5.64. Single crystals suitable for X-ray
analysis were grown by slow diffusion of diethyl ether into an
acetone solution 06 at room temperature. A red block-shaped
crystal of dimensions 0.5& 0.27 x 0.25 mm was selected for
structural analysis. Summary of crystal structure dat&fdCs,Hgs-
MogN3015, Mr = 1615.87, orthorhombid?2,2:2;, a = 13.7708-
(12),b = 17.4272(16)c = 25.724(2) A, = 90°, B = 90°, y =
90°, V = 6173.4(9) B, Z= 4,7 =1, T = 100(2) K, 38240
reflections measured, 12098 uniqu®,{= 0.0270),R; = 0.0330,

55.9, 67.4, 81.3, 89.9, 114.9, 115.8, 124.1, 125.9, 126.8, 127.6,
132.1, 134.6, 147.6, 153.3, 154.1, 168.2.

Compound 10.Compound (4.5 g, 9.1 mmol), palladium (3%
on activated carbon, 300 mg), and acetic acid (50 mL) were added
to a three-neck 100 mL flask. The flask was evacuated and
backfilled with hydrogen three times. After being stirred under
hydrogen (1 atom) for 12 h, the reaction mixture was filtered
through Celite 645 (Fisher Co.). The filtrate was poured into water
and extracted with methylene chloride X3100 mL). The organic
layer was washed with water, dried over MgS@nd stripped of
solvent to afford compoundO as white solids (4.36 g, 96%, mp
89—-90.5°C). *H NMR (CDCl;, 400 MHz): 6 1.16 (d,J = 6.80
Hz, 12H, -CH), 1.58 (quint,J = 8.0 Hz, 2H, -CH2-), 1.74 (quint,
J=7.7 Hz, 2H, -CH-), 1.85 (quintJ = 7.2 Hz, 2H, -CH-), 2.69
(t, 3= 6.8 Hz, 2H, -CH-), 3.77 (s, 3H, -OCH), 3.95 (t,J = 6.4
Hz, 2H, -OCH-), 6.82-6.87 (m, 4H, ArH), 7.09 (s, 2H, ArH),

WR, = 0.0881, goodness-of-fit 1.053. CCDC-205080 contains the 7.80-7.84 (m, 2H, ArH), 7.957.98 (m, 2H, ArH)_13C NMR
supplementary crystallographic data for this paper. These data CanCcDCly, 100 MHz):6 24.2, 26.3, 29.3, 29.5, 31.3, 36.4, 56.0, 68.8,
be obtained free of charge via www.ccdc.cam.ac.uk/conts/ 114.9,115.7, 124.0, 124.2, 124.6, 132.2, 134.5, 144.6, 147.1, 153.5,

retrieving.html (or from the Cambridge Crystallographic Data
Center).

Compound 7. A mixture containingp-methoxyphenol (10 g,
80 mmol), 5-chloro-1-pentyne (8.51 g, 83 mmol), sodium hydroxide

153.9, 168.6.

Compound 11.A mixture containing compoundO0 (5.646 g,
11.3 mmol), iodine (2.83 g, 11.2 mmol), iodic acid (1.25 g, 7.1
mmol), sulfuric acid (10 mL, 30% w/w in D), carbon tetrachloride

(3.54 g, 88.5 mmol), tetrabutylammonium bromide (1.5 g, 4.6 (10 mL), and acetic acid (40 mL) was stirred under reflux overnight.
mmol), water (30 mL), and toluene (40 mL) was stired a’@  After being cooled to room temperature, the reaction mixture was
for 20 h_. After being cooled to room temperature, the mixture was poyred into methylene chloride (200 mL). The resulting mixture
poured into water (400 mL) and extracted three times with hexane \yas washed with water (200 mL), agueous KOH (3 M, 100 mL),
(3 x 200 mL). The organic layer was collected and dried over 5n4 water (200 mL), consecutively. The organic layer was collected

MgSQO,, and the solvent was then evaporated to yield compd@und
as a colorless ail (14.6 g, 95%} NMR (CDCl;, 400 MHz, 25
°C): 6 1.95-2.01 (m, 3H, -CH- and=CH), 2.40 (dtJ = 7.2 and
2.8 Hz, 2H, -CH-), 3.76 (s, 3H, -OCH), 4.01 (t,J = 6.0 Hz, 2H,
-OCH,-), 6.84 (m, 4 H, ArH).13C NMR (CDCk, 100 MHz): ¢
15.4, 28.5, 55.9, 67.0, 69.0, 83.8, 114.8, 115.7, 153.2, 154.1.
Compound 8. A mixture containing 2,6-diisopropyl-4-iodo-
aniline (9.76 g, 32.2 mmol), phthalic anhydride (4.8 g, 32.3 mmol),
and acetic acid (150 mL) was stirred under refluk 6ch and was

and dried over MgS@) and the solvent was then evaporated to
afford the crude product, which was purified by recrystallization
from methanol to give compourid as white crystals (7.13 g, 84%,
mp 182-184 °C). H NMR (CDCls, 400 MHz): 6 1.16 (d,J =
7.20 Hz, 12H, -CH), 1.64 (m, 2H, -CH-), 1.76 (quint,J = 8.0
Hz, 2H, -CH-), 1.88 (quint,J = 7.2 Hz, 2H, -CH-), 2.67-2.72
(m, 4H, -CH- and -CH-), 3.82 (s, 3H, -OC#j 3.97 (t,J = 6.0
Hz, 2H, -OCH-), 7.10 (s, 2H, ArH), 7.20 (s, 2H, ArH), 7.81 (dd,
J=3.2 and 2.0 Hz, 2H, ArH), 7.97 (dd,= 3.2 and 2.0 Hz, 2H,

then cooled to room temperature. The product, which precipitated ArH). 23C NMR (CDCk, 100 MHz): ¢ 24.2, 26.3, 29.3, 29.5, 31.2,

during cooling, was collected by filtration and washed with acetic
acid (20 mL) and then with water (8 50 mL). It was then dried

in a vacuum oven to give 11.7 g of compouda@s white crystals
(84%, mp 269-271°C). 'H NMR (CDCls, 400 MHz, 25°C): o
1.15 (d,J = 6.80 Hz, 12H, -CH), 2.65 (septJ = 6.80 Hz, 2H,
-CH(CHjy),), 7.60 (s, 2H, ArH), 7.867.84 (m, 2H, ArH), 7.95
7.99 (m, 2H, ArH).13C NMR (CDCk, 100 MHz): 6 23.4, 29.5,
97.3, 124.2, 127.2, 132.0, 133.8, 134.7, 149.9, 168.1.

Compound 9. Compound? (3.88 g, 20.4 mmol), compourtl
(8.06 g, 18.6 mmol), bis(triphenylphosphine)palladium (I1) chloride

36.4,57.4,70.5, 85.6, 86.7, 121.8, 123.3, 124.0, 124.3, 124.7, 132.2,
134.5, 144.6, 147.2, 153.2, 153.5, 168.6.

Compound 12.The mixture of compound1 (4.5 g, 6.0 mmol),
hydrazine (3 g, 60 mmol), THF (75 mL), and ethanol (75 mL) was
refluxed for 48 h. The reaction mixture was cooled to room
temperature, followed by the addition of hydrochloric acid (37%,
20 mL). The resulting mixture was refluxed for anattZh and
was then cooled to room temperature. White precipitates were
filtered, and the filtrate was poured into water (500 mL). The
aqueous solution was extracted with methylene chloride @0

(0.25 g, 0.36 mmol), and copper(l) iodide (0.14 g, 0.74 mmol) were mL). The organic portions were collected and dried over MgSO
added to a 100 mL two-neck flask. The flask was evacuated and and the solvent was evaporated. The resulting mixture was subjected
backfilled with nitrogen three times. THF (50 mL) and triethylamine to column chromatography (silica gel, hexanes/ethyl acetate (3:1)
(2 mL) were then added to the flask with a syringe. After being as the eluent) to give 3.0 g of recoverEtland the pure compound
stirred at room temperature for 10 h, the reaction mixture was 12 as pale yellow solids (0.50 g, 40% yield based on reatted
poured into water (400 mL) and extracted with methylene chloride mp 95-97.5°C). H NMR (CDCls, 400 MHz): 6 1.25 (d,J=7.2

(3 x 200 mL). The organic layer was collected and dried over Hz, 12H, -CH), 1.55 (m, 2H, -CH), 1.65 (m, 2H, -CH), 1.83
MgSQO,, and the solvent was then evaporated to afford the crude (quint,J = 7.2 Hz, 2H, -CH-), 2.55 (t,J = 7.2 Hz, 2H, -CH-),
product, which was purified by column chromatography (silica gel, 2.91 (sept,J = 6.8 Hz, 2H, -CH-), 3.60 (s, 2H, N§), 3.80 (s, 3H,
eluent?) to yield compoung as white crystals (8.30 g, 90%, mp  -OCH), 3.92 (t,J = 6.4 Hz, Hz, 2H, -OCH ), 6.84 (s, 2H, ArH),
137-139°C). IH NMR (CDClg, 400 MHz, 25°C): ¢ 1.15 (d,J = 7.17 (s, 2 H, ArH).13C NMR (CDCk, 100 MHz): 6 22.8, 26.2,
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28.2, 29.3, 31.9, 36.0, 57.4, 70.6, 85.6, 86.7, 121.7, 122.9, 123.3,and br, -CH-), 1.89 (br, -CH-), 2.52 (br, A—CH,—), 2.70 (br,

132.6, 132.8, 138.2, 153.2, 153.5. Anal. Calcd feiHEsNO,l 2
C, 46.39; H, 5.35. Found: C, 46.62; H, 5.43.

Polymer la. A mixture containing compoungl (0.1000 g, 0.3715
mmol), DCC (0.2297 g, 1.1144 mmol), [MO1g [N(C4Ho)4]2
(2.0267 g, 1.4859 mmol), and GEN (5 mL) was refluxed for

-CHy-), 3.42 (t,J = 8.6 Hz, -NCH>-), 3.75 (br, -OCH-), 3.89 (br,
OCH), 4.10 (br, OCH-), 6.79 (br, ArH), 6.957.14 (m and br,
ArH). Anal. Calcd for (GagH22dM06N3O30)n: C, 57.34; H, 7.25;
Mo, 18.57; N, 1.36. Found: C, 57.73; H, 6.86; Mo, 15.09; N, 1.21.
Polymer llb. 61% yield.'H NMR (acetoneds, 400 MHz, 25

5—7 h, and the solvent was then evaporated under vacuum. To°C): ¢ 0.96 (t,J = 7.4 Hz, -CH; of the counterion), 1.041.19 (m

this flask was added monoméa# (0.5596 g, 1.1144 mmol), bis-
(triphenylphosphine)palladium (11) chloride (0.0264 g, 0.033 mmol),
copper (I) iodide (0.013 g, 0.066 mmol), triethylamine (0.5 mL),
THF (5 mL), and DMF (5 mL). The resulting mixture was stirred
at room temperature for 30 min, followed by the addition of
monomerl5 (0.2217 g, 0.7429 mmol). After being stirred at room
temperature for another 12 h, the reaction mixture was filtered
through glass wool and was then poured into acetonitrile (250 mL).
The yellow precipitates were collected, washed with acetonitrile,
and dried in a vacuum to yield polymkx (0.66 g, 60%)H NMR
(acetoneds, 400 MHz, 25°C): 6 0.95 (t,J = 7.2 Hz, -CH), 1.22

(m and br, C(CH)3), 1.44 (br, -CH-), 1.78 (br, -CH-), 2.86 (br,
Ar—CHj), 3.40 (br, NCH-), 3.77 (br, -OCH-), 6.82 (br, ArH),
6.95-7.22 (m and br, ArH), 7.36 (br, ArH), 7.47 (br, ArH). Anal.
Calcd. for (GadH20dM06N302¢)n: C, 56.96; H, 6.93; Mo, 19.50; N,
1.42. Found: C, 56.54; H, 6.52; Mo, 16.07; N, 1.89.

Polymer Ib. Polymer Ib was synthesized using the same
procedure as that of polyméa (65%).'H NMR (acetoneds, 400
MHz, 25 °C): 6 0.96 (t,J = 7.2 Hz, -CH), 1.22 (m and br,
C(CH)3), 1.35 (br, -CH-), 1.63 (br, -CH-), 2.61 (br, AF-CHj),
3.31 (br, NCH-), 3.65 (br, -OCH-), 6.82 (br, ArH), 6.957.22
(m and br, ArH), 7.34 (br, ArH). Anal. Calcd for ¢&H290
MogN3036)n: C, 63.01; H, 7.46; Mo, 14.24; N, 1.04. Found: C,
64.33; H, 6.38; Mo, 10.30; N, 1.03.

Polymerdla andllb were synthesized using a similar procedure
to that of polymerla, except that the order of adding monomers
14 and 15 was reversed.

Polymer lla. 67% yield.'H NMR (acetoneds, 400 MHz, 25
°C): 0 0.96 (t,J = 7.4 Hz, -CH of the counterion)m, 1.041.19
(m and br, -C(CH)3), 1.28 (d,J = 6.4 Hz, -CH(®H3),), 1.38-
1.48 (m, -CH-), 1.63 (br, -CH-), 1.70 (br, -CH-), 1.76-1.87 (m

and br, -C(CH)3), 1.28 (d,J = 6.4 Hz, -CH(tH3),), 1.38-1.48
(m, -CH,-), 1.63 (br, -CH-), 1.70 (br, -CH-), 1.76-1.87 (m and
br, -CH,-), 1.89 (br, -CH-), 2.52 (br, Ar-CH,—), 2.70 (br, -CH-
), 3.42 (t,J = 8.6 Hz, -NCH>-), 3.75 (br, -OCH-), 3.89 (br, OCH),
4.10 (br, OCH-), 6.79 (br, ArH), 6.95-7.14 (m and br, ArH). Anal.
Calcd for (CZ20HSldV|06N3038)n: C, 63.07; H, 7.67; Mo, 13.74; N,
1.00. Found: C, 60.84; H, 7.06; Mo, 10.40; N, 0.85.

Polymer IIl. A mixture containing compound4 (0.3000 g,
0.597 mmol),15(0.1783 g, 0.597 mmol), bis(triphenylphosphine)-
palladium (II) chloride (0.0168 g, 0.0239 mmol), copper (l) iodide
(0.0091 g, 0.0478 mmol), triethylamine (0.4 mL), and DMF (5 mL)
was stirred at room temperature for 5 h. The reaction mixture was
then filtered through glass wool and then poured into methanol.
The polymer precipitates were collected by filtration, washed with
methanol, and dried in a vacuum to yield 0.23 g of polyriker
(72%).'H NMR (CDCls, 400 MHz, 25°C): 6 1.11 (br, C(CH)3),
3.65 (br, -OCH-), 6.99 (br, ArH). Anal. Calcd for (GH2405)n:

C, 79.37; H, 8.88. Found: C, 78.65; H, 8.31.
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