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Palladium complexes are found to catalyze the condensation
polymerization of halophenyl alkyl ketones to form poly-
ketones, which can be readily converted to poly(phenylene-
vinylene) and its derivatives.

Recently, palladium-catalyzed cross-coupling reactions have
received a great deal of attention. A number of important
carbon—carbon bond formation processes have been realized.t
Palladium-catalyzed coupling reactions are also of growing
importance in the synthesis of macromolecules. Severa im-
portant coupling reactions catalyzed by palladium complexes,
such as the Stille coupling reaction,2 the Suzuki coupling
reaction,3 and the Heck reaction,* as well as the reaction of a
diyneor bisalenewith an aryl dihalide,> have been successfully
applied in the synthesis of macromolecules. In our ongoing
program, we are interested in developing other palladium-
catalyzed polymerization reactions and utilizing these reactions
to synthesize important materials.

Poly(p-phenylenevinylene) (PPV) and its derivatives have
attractive properties, such as electrical conductivity,® large
third-order nonlinear optical response” and photo- and electro-
luminescence in the visible region.8 However, the extended
planar topology of the PPV backbone, which rendersitinfusible
and insoluble in non-reactive media, limits its capacity for
subsequent synthesis and fabrication. The problem can be
overcome by synthesis of an intermediate soluble polymer,
which is typically synthesized from the precursor route first
developed by Wessling and Zimmerman,® in which the soluble
precursor polymer is synthesized through a Wittig or nucleo-
philic displacement reaction. Thermal induced elimination to
PPV can then be accomplished under mild conditions. Other
routes to PPV based on this strategy were also reported.10 We
describe here our efforts in developing new polymerization
methodology using aryl and ketone coupling reactions, and the
application of these reactions to the synthesis of soluble
poly(phenylenenevinylene) derivatives.

It was reported recently by Buchwald et al. that Pdo
complexes catalyzed the coupling reaction of a ketone and an
aryl halide to form an alkyl aryl ketone.11 We envision that this
reaction might be useful for polymer synthesis, providing new
approaches to novel materials. We found that halophenyl alkyl
ketones readily underwent condensation polymerization in the
presence of a catalytic amount of Pd° or Pd'' complex, base and
phosphine ligand [egn. (1)].
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Bu'ONa, solvent R n
L = phosphines
R =H, alkyl
la R=H
X =8Bl b R=Me
c R=Pr

We find that both mono- and bis-phosphines are effective
ligands for the polymerization reactions. The influence of «-
alkyl substitutent R on the polymerization (Table 1) was also

Table 1 Polymerization of 4-halophenyl alkyl ketones?

Entry X R Yidd (%) M, My,

1 Br H 60 1800 2500
2 | H 76

3 Br Me 70 1700 2100
4 Br Bu % 3200 4100
5 | Pr 65 10100 13200

a Pd(dba)s/BINAP was used as catalyst. ® The polymer isdightly solublein
THF and molecular weights are determined from the soluble portion. ¢ The
polymer isinsoluble in THF.

examined. The «-akyl substitutents can dramatically enhance
the solubility and yield of the polymers. For example, when the
a-substitutent is H (entries 1 and 2) the polymers are insoluble
and are obtained in low yields. When monomers with longer
akyl substitutents were used, polymers with higher molecular
weights (M, = 11000) were obtained after fractional precipita-
tion.

The polymerization was also studied in the presence of
phosphines with different steric and electronic properties. As
shown in Table 2, polymers were obtained in high yield and
with high molecular weights in the presence of both bulky and
electron-donating phosphines, such as PBut;, which indicates
that steric bulk and electron-donating phosphines favor the
polymerizations. The results further imply that steric and
electronic factors need to balance in order to achieve the
optimized polymerization conditions. This observation can be
understood from the fact that bulky and electron-donating
ligands facilitate both oxidative addition and reductive elimina-
tion processes, which are believed to be involved in the rate-
limiting steps of the catalytic cycle. We also observed that
4-iodophenyl propyl ketone, as compared to bromovalero-
phenone, polymerized faster and yielded higher molecular
weight polymers. This observation suggests that oxidative
addition of PdO species to the aryl halide is also a crucia step
involved in determing the rate of the polymerization.

The polymerization was aso investigated in the presence of
different solvents. Polar solvents seem to enhance the polymeri-
zation. For example, polymers prepared using a catalytic
amount of Pd(OAc)-igand exhibited higher molecular
weightsin THF than in other solvents. Better yields of polymers
were also obtained in solvents such as 0-C¢H4Cl, and Ph,O. No

Table 2 The effect of phosphine ligands on the polymerizationa

Entry Ligand Yield (%) Coneangle/® Mn Mw

1 PButs 63 182 11500 15200
2 PCys 20 170 5700 8800
3 P(o-talyl)s 55 194 900 4600
4 PPhs 30 145 700 3500
5 DPPFP 44 3000 6100

a Pd(OAc), was used as catdyst and X = Br, R = Pr. b 11
Bis(diphenyl phosphino)ferrocene.
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polymerization was observed when DMA was used as a solvent,
which may be attributed to deactivation of the catalysts.

The polymers were isolated by precipitation and the struc-
tures of the polymers were determined by spectroscopic
techniques. For example, polymer 1ct showsapeak at 4.67 in
its TH NMR spectrum corresponding to the CH resonance. The
carbonyl resonance was observed at § 199.2 and was further
confirmed by IR spectroscopy (v = 1696 cm—1). The single
resonance at §53.2 in the 13C NMR spectrum correspondsto the
methine carbon in polymer 1b, indicating that the polymeriza-
tion is selective. The molecular weight was determined by gel
permeation chromatography (GPC) using polystyrene as stan-
dards. The molecular weights (M) of the polymers obtained
range from 2000 to 16 000 depending on the catalyt, ligand and
solvent used.

The carbonyl groups in the polymers can be quantitatively
converted to hydroxy groupsusing LiAIH,4 (Scheme 1). The 13C
NMR and IR spectra indicated the complete reduction of the
carbonyl groups. Polymer 2ct was obtained as awhite solid and
wasinsolublein hexane. To obtain the PPV derivative, polymer
2c was further treated with a catalytic amount of HsPO, in
toluene. Rapid elimination of H,O was observed to yield
polymer 3c8 (Scheme 1). The polymer is soluble in common
organic solvents, such as THF and CH,Cl,. The IR and 1H
NMR spectraindicated complete elimination. Both 1H and 13C
NMR analysis indicated that the double bonds formed in the
polymer backbone are predominantly trans. The polymer has a
UV absorption (Amax = 290 nm) and exhibits a strong blue
emission a 420 nm (Fig. 1) when excitation at 290 nm is
applied, which indicates that the polymer is a photolumines-
cence material.

We have demonstrated that palladium-catalyzed coupling of
aryl halides and ketones can be used for polymer synthesis. This
hasled usto develop anew polymerization reaction and anovel
approach to the synthesis of poly(phenylenenevinylene) deriva-
tives. Our studies suggest that the steric and electronic
properties of theligandsaswell asthe nature of the solvent have
significant effects on the outcome of the polymerization. The
polymers synthesized are soluble and exhibit photolumines-
cence properties. Synthesis of other electro- and/or photo-
luminescent polymers using this methodology are currently
underway.

We thank the University of Missouri Research Board for
support and Dr Zhi Xu for measurement of the fluorescence
spectrum.
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Fig. 1 Photoemission spectrum of 3c.

Notes and references

Selected data for 1c: §4(CDCls) 7.78 (m, 2H), 7.28 (m, 2H), 4.67 (m, 1H),
2.2-0.81 (br, 7H); 6c(CDCl3) 199.2 145.5, 136.2, 129.6, 128.8, 53.2, 36.7,
21.4, 14.3; Vimax(KBr)/cm—13050.5, 3020.3, 2930.7, 1696.2, 1685.7, 1681.2
1270.9.

1 Selected data for 2¢: 5¢(CD,Cl,) 7.50-6.80 (m, 4H), 4.65 (m, 1H), 3.68
(m, 1H), 2.95-0.85 (br, 8H); 5o(CD,Cl) 141.7, 128.5, 128.0, 127.6, 79.1,
349,303, 21.1, 14.3.

§ Selected data for 3c: 8 (CDCls) 7.35-7.03 (m, 4H), 4.32—4.24 (br, 1H),
2.38-0.87 (br, 7H); 6c(CDCl3) 129.4, 128.6, 127.6, 126.2, 79.0, 64.5, 28.3,
213, 14.3.
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