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Since the first proposal in 1989,1 poly(2,5-silole)s, silole-2,5-
linked homopolymers, have been target molecules for enthusiastic
theoretical studies, because of their analogous structures to all-
trans-s-cis polyacetylene as well as their potential applicability
to organic electronic devices.2-8 Experimentally, however, the
structurally well-defined poly(2,5-silole)s are still unknown,
despite a few attempts.1,9 Quater(2,5-silole) is the longest silole
oligomer reported to date.9,10 The synthesis of the polymer has
been hampered by the limited availability of their crucial
precursors, the 2,5-difunctionalized siloles,9,11,12 and, moreover,
the intrinsic low reactivities of the functionalities at the 2,5-
positions. Actually, although we have recently prepared some
potential precursors such as the 5-stannyl- and 5-boryl-2-
halosiloles, unfortunately, they did not react during the transition
metal-catalyzed coupling reactions under various conditions.9,11c

After several attempts, we have now succeeded in the synthesis
of poly(2,5-silole)1 by the Pd(0)-catalyzed cross-coupling reaction
of 5-zincated 2-iodosilole, in situ generated from the newly
prepared 2,5-diiodosilole2.

We have designed 2,5-diiodosilole2 as a key precursor of the
poly(2,5-silole), where methoxymethyl groups are introduced to

facilitate the structure characterization and to provide sufficient
solubility of the resulting polymer. Compound2 was prepared in
four steps starting from 1,7-disilyl-1,6-heptadiyne3 by our
procedure based on the halodesilylation reaction,11 as shown in
Scheme 1. Thus, the reaction of the diyne3 with Ti(Oi-Pr)4/2i-
PrMgCl produced a titanacyclopentadiene,13 followed by iodo-
nolysis which gave the diiodobutadiene4 in 75% yield. Dilithi-
ation of4 followed by the treatment with Si(OMe)4 afforded 1,1-
dimethoxysilole5 in 42% yield. The alkylation of5 with EtMgBr
in the presence of CuCN14 gave 1,1-diethyl-2,5-disilylsilole6 in
77% yield. The final step was the iododesilylation of6 with iodine
in the presence of a silver salt,15 which successfully afforded the
2,5-diiodosilole2 in 84% yield.

The synthesis of poly(2,5-silole)1 has been examined by the
coupling reactions of this diiodosilole2 under several conditions.
Although the homo-coupling reactions of2 using Ni(0) catalysts
all failed, the Pd(0)-catalyzed cross-coupling reaction16 of a mono-
zincated intermediate successfully produced the desired polymer.
Thus, as shown in Scheme 2, compound2 was selectively mono-

lithiated with n-BuLi in ether, followed by the treatment with
ZnCl2(tmen) to afford the mono-zincated silole7. After removal
of the volatiles in vacuo, the cross-coupling reaction of7 in the
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P. R.; Kertész, M.; Frapper, G.Synth. Met.1993, 55-57, 4338.

(4) (a) Yamaguchi, Y.; Shioya, J.Mol. Eng.1993, 2, 339. (b) Yamaguchi,
Y. Mol. Eng.1994, 3, 311. (c) Yamaguchi, Y.; Yamabe, T.Int. J. Quantum
Chem.1996, 57, 73.

(5) (a) Matsuzaki, Y.; Nakano, M.; Yamaguchi, K.; Tanaka, K.; Yamabe,
T. Synth. Met.1995, 71, 1737. (b) Matsuzaki, Y.; Nakano, M.; Yamaguchi,
K.; Tanaka, K.; Yamabe, T.Chem. Phys. Lett.1996, 263, 119.

(6) (a) Hong, S. Y.; Marynick, D. S.Macromolecules, 1995, 28, 4991. (b)
Hong, S. Y.; Kwon, S. J.; Kim, S. C.J. Chem. Phys.1995, 103, 1871. (c)
Hong, S. Y.; Kwon, S. J.; Kim, S. C.; Marynick, D. S.Synth. Met.1995, 69,
701. (d) Hong, S. Y.; Kwon, S. J.; Kim, S. C.J. Chem. Phys.1996, 104,
1140.

(7) Bakhashi, A. K.; Rattan, P.J. Mol. Struct., Theochem1998, 430, 269.
(8) Salzner, U.; Lagowski, J. B.; Pickup, P. G.; Poirier, R. A.Synth. Met.

1998, 96, 177.
(9) Tamao, K.; Yamaguchi, S.; Shiro, M.J. Am. Chem. Soc.1994, 116,

11715.
(10) Silole-containingπ-Conjugated Polymers: (a) Yamaguchi, S.; Tamao,

K. J. Chem. Soc., Dalton Trans.,1998, 3693. (b) Tamao, K.; Yamaguchi, S.;
Shiozaki, M.; Nakagawa, Y.; Ito, Y.J. Am. Chem. Soc.1992, 114, 5867. (c)
Tamao, K.; Yamaguchi, S.; Ito, Y.; Matsuzaki, Y.; Yamabe, T.; Fukushima,
M.; Mori, S. Macromolecules1995, 28, 8668. (d) Tamao, K.; Ohno, S.;
Yamaguchi, S.Chem. Commun.1996, 1873. (e) Yamaguchi, S.; Iimura, K.;
Tamao, K.Chem. Lett.1998, 89. (f) Chen, W.; Ijadi-Maghsoodi, S.; Barton,
T. J. Polym. Prepr.1997, 38, 189.

(11) (a) Yamaguchi, S.; Jin, R.-Z.; Tamao, K.J. Organomet. Chem.1998,
559, 73. (b) Yamaguchi, S.; Jin, R.-Z.; Tamao, K.; Sato, F.J. Org. Chem.
1998, 63, 10060. (c) Yamaguchi, S.; Jin, R.-Z.; Ohno, S.; Tamao, K.
Organometallics1998, 17, 5133.

(12) Recent reviews for siloles: (a) Dubac, J.; Laporterie, A.; Manuel, G.
Chem. ReV. 1990, 90, 215. (b) Colomer, E.; Corriu, R. J. P.; Lheureux, M.
Chem. ReV. 1990, 90, 265. (c) Dubac, J.; Guerin, C.; Meunier, P.The Chemistry
of Organic Silicon Compounds; Rappoport, Z., Apeloig, Y., Eds.; John Wiley
& Sons: New York, 1998; Vol. 2, Chapter 34.

(13) Urabe, H.; Sato, F.J. Org. Chem.1996, 61, 6756.
(14) Lennon, P. J.; Mack, D. P.; Thompson, Q. E.Organometallics1989,

8, 1121.
(15) (a) Wilson, S. R.; Jacob, L. A.J. Org. Chem.1986, 51, 4833. (b)

Jacob, L. A.; Chen, B.-L.; Stec, D.Synthesis1993, 611.

Scheme 1

Scheme 2

10420 J. Am. Chem. Soc.1999,121,10420-10421

10.1021/ja9927826 CCC: $18.00 © 1999 American Chemical Society
Published on Web 10/22/1999



presence of 0.01 molar amount of PdCl2(PPh3)2 was carried out.17

Reprecipitation from ethanol actually afforded poly(2,5-silole)1
in 29% yield as a red powder.18 The polymer is stable in the air
and soluble in common organic solvents such as THF and
chloroform.

The 1H NMR spectrum of1 shows three sharp singlet peaks
in the aliphatic region, which are assigned to the methyl and
methylene protons of the methoxymethyl groups and the ring-
methylene protons, indicative of its regular structure. In addition,
a small singlet peak observed at 5.45 ppm indicates the hydrogen
atoms as one of the terminal groups. The structure of1 was also
confirmed by13C and29Si NMR spectroscopies18 and by MALDI-
TOF mass spectrometry. Figure 1 represents the mass spectrum,
where the peaks from the 8mer to the 26mer are discernible. The
number-averaged molecular weight (Mn) determined by this
method is 3730, which confirms those estimated by GPC analysis
using polystyrene standards:Mw ) 4560 andMn ) 3440 (PDI
) 1.33). The degree of polymerization is about 13. It should be
noted here that, in the mass spectrum, three peaks are observed
for each oligomer as shown in the insert of Figure 1, which
correspond, with satisfactory accuracy, to oligomers having (H,H),
(H,Bu), and (H,I) terminal group sets, respectively.19 The
incorporation of a butyl group as the terminal group suggests that
one of the termination reaction for the present polymerization is
the coupling with butyl iodide, which was generated in the
lithium-halogen exchange step.17

As preliminary results of the characteristics, we have found
the unique photophysical properties of polymer1. Figure 2
represents the UV-vis absorption spectra of1. The polymer has
its absorption band at 482 nm in 2-MeTHF at 293 K. This is
more than 140 nm longer than that of its model compound, silole
dimer8 (λmax 340 nm),11c indicating thatπ-conjugation is extended
to some extent in polymer1. Interestingly, the absorption is largely
dependent on the measurement temperature. Thus, as the tem-
perature is decreased, theλmax of 1 shifts to longer wavelengths
up to 542 nm at 153 K (Figure 2). This large bathochromic shift
is probably due to the change in the effective conjugation length
by the conformational change of the main chain. Actually, it has
already been proven that the dimer8 has a considerably twisted
(∼60°) syn-arrangement of the two silole rings in the crystal
structure due to the steric congestion by the substituents on the
silole rings.11c,20

In summary, the Pd(0)-catalyzed cross-coupling reaction of the
mono-zincated intermediate, derived from the newly synthesized
2,5-diiodosilole, successfully produced poly(2,5-silole). Although
the molecular weight of the present polymer is still rather low,
this is the first synthesis of the well-defined poly(2,5-silole).
Further studies on the improvement of the molecular weight as
well as other properties of the present polymer are currently in
progress.
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293K.

(19) For example, the calculated molecular weights for 14mers having
(H,H), (H,Bu), and (H,I) terminal sets are 3700.18, 3756.24, and 3826.08,
respectively. Their found masses are 3700.4, 3755.9, and 3825.1, respectively.

(20) Polymer1 shows no fluorescence at room temperature, probably due
to the noncoplanar conformation of the polymer main chain.

Figure 1. MALDI-TOF mass spectrum of poly(2,5-silole)1. The insert
represents a magnification of the peaks of 14mers.

Figure 2. UV-vis absorption spectra of poly(2,5-silole)1 in 2-methyl-
tetrahydrofuran: at 293 K, solid line; at 153 K, dashed line.
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