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SUMMARY 

Poly[2,5-bis(dimethylsilyl)thiophene] (I), a copolymer with alternating thiophene 
and disilyl units, has been prepared by the Wurtz coupling of 2,5-bis(dimethyl- 
chlorosilyl)thiophene (IV) with sodium metal in toluene. I has been characterized by 
1H, 13C, and 29Si NMR, IR, UV, GPC, TGA and elemental analysis. The photolysis 
of I in benzene/methanol solution results in degradation of the polymer. The 
structure of the photoproducts and possible mechanisms for their formation are 
discussed. 

INTRODUCTION 

We should like to report the preparation and properties of poly[2,5-bis- 
(dimethylsilyl)thiophene] (I). We were interested in this polymer for a number of 
reasons. Perhaps most important no alternate co-polymer of this type, whose 
properties might be expected to be determined by the interaction of the 
heteroaromatic system with the adjacent disilane units, has been previously 
prepared. Silicon-silicon sigma bonds have a number of properties which are 
analogous to those of C-C double bonds. 1"3 For example, linear polysilanes absorb 
light in the ultraviolet region of the spectrum. The wavelength of this absorption 
increases with the length of the polysilane chain in much the same way that the 
ultraviolet absorption of conjugated polyenes moves to longer wavelength with 
increasing length of the conjugated system. 4'5 On this basis, I might be expected 
to have properties like those of poly(vinylene thiophene) which has been shown to 
be an extended conjugated system which can be rendered highly electrically 
conducting by oxidative doping.U Further, I might be expected to undergo rapid 
photo-degradation on photolysis at 254 nm on the basis of its similarity to 
poly[1,4-bis(dimethylsilyl)benzene]. 7 This might make I a useful material for 
photolithographic applications. 8'9 
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EXPERIMENTAL 

1H and 13C NMR spectra were obtained on a Jeol FX-90Q spectrometer 
operating in the Fourier Tranform (FT) mode. 29Si NMR spectra were obtained on 
an IBM Brucker WP-270-SY spectrometer operating in the FT mode.13C NMR 
spectra were run with broad band proton decoupling. Five to ten percent solutions 
in chloroform-d were used to obtain these spectra. Chloroform was used as an 
internal standard for 1H and 13C NMR. All chemical shifts reported were externally 
referenced to TMS. ADEPT pulse sequence was used to obtain 29Si NMR 
spectra. This was effective since all the silicon atoms have at least two methyl 
groups bonded to them, 1~ 

IR spectra were recorded on a Perkin-Elmer PE-281 spectrometer. Spectra of 
monomers were taken on neat films on NaCI plates. Spectra of polymers were 
taken in KBr pellets. UV spectra were recorded on a Shimadzu UV-260 
spectrometer. Spectra quality hexane was used to prepare solutions for UV 
spectra. Low resolution mass spectra of monomers were recorded on a Finnigan 
MAT Incos 50 GCMS instrument at an ionizing voltage of 70 eV, 

GPC analysis of the molecular weight distribution of the polymers was 
performed on a Perkin-Elmer series 10 liquid chromatography equipped with an 
LC-25 refractive index detector (maintained at 25~ a 3600 data station and a 660 
printer. A 32 cm x 77 mm Perkin-Elmer PL 10 m particle size, mixed pore size 
crosslinked polystyrene gel column was used for the separation. The eluant was 
THF at a flow rate of 0.7 mL/min. The retention times were calibrated against 
known monodisperse polystyrene standards: Mp 3,600,000, 194,000, 28,000, 7,600 
and 2,550 whose Mw/Mn are less than 1.09. The TGA of the polymers was carried 
out on a Perkin-Elmer TGS-2 instrument at a nitrogen flow rate of 40 cc/min. The 
temperature program for the analysis was 50~ for 10 min followed by an increase 
of 5~ to 750~ 

Elemental analysis was performed by Galbraith Laboratories, Knoxville, TN. 

All reactions ~ were carried out under a dry nitrogen atmosphere. All glassware 
was flame dried under a nitrogen atmosphere. 

THF was distilled from a blue solution of sodium benzophenone ketyl 
immediate prior to use. 

Toluene was distilled from molten sodium immediately before use. 
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While the monomers are known compounds complete spectral data has not 
been reported. For this reason, we have included this information. 

Preoamtion of 2.5-hisfDimethvlsilvllthioohene (111~ 

A 100 mL three neck rb flask was fitted with a reflux condenser, a 0.5" 
ultrasonic probe which was connected to a Tekmar 500 W, 20 kHz high intensity 
ultrasonic generator and a rubber septum. Magnesium chips (0.73 g, 30 mmol) 
and 50 mL of THF were placed in the flask. II (1.1 mL, 10 mmol) and 
dimethyldichlorosilane (2.4 mL, 22 mmol) were injected into the flask through the 
rubber spectum. The reaction mixture was sonicated for 20 rain at 30% energy 
output. As soon as the sonication began, the temperature inside the flask began to 
increase. A temperature between 30-40~ was maintained by cooling the flask in 
an ice water bath. As the reaction proceeds most of the magnesium is consumed. 
After completion of the reaction, the reaction mixture was extracted with a 50 mL 
portion of methylene chloride. The combined organic phase was washed three 
times with an equal volume of water, dried over anhydrous magnesium sulfate and 
filtered. The product was purified by fractional distillation through a 10 cm vacuum 
jacketed Vigreux column. A fraction bp 74- 75~ mm, 1.66 g (83%) was 
obtained. When this reaction was conducted on a larger scale (0.1 tool of II) we 
have obtained a 90% yield. III had the following spectral properties. 1H NMR 6: 
0.39(d,12H, J = 3.4 Hz), 4.58(sept.,2H, J = 3.4 Hz), 7.38(s,2H). 13C NMR 6: -2.69, 
136.21, 142.77. 29Si 8: - 23.56. IR v: 3065, 2960, 2900, 2120, 1488, 1408, 1260, 
1010, 810 cm "1. UV: Zmax 243.8 nm, e = 12,030. GCMS m/e (rel. intensity): 
200(16.8) U +', 199(7.5) M-1 +, 185(100.0) M-15 +, 141(28.7), 83(19.2), 59(20.7). 1H 
NMR and IR are in agreement with those previously reported. 22 

A small forerun of 2-chloro-5-dimethvlsilvlthioDhene was obtained. 1H NMR 8: 
0.36(d,6H, J = 3.9 Hz), 4.50(sept.,1H, J = 3.9 Hz), 6.95(d,lH, J = 3.4 Hz), 
7.05(d, lH, J = 3.4 Hz). 1~C NMR 8: - 3.01, 127.54, 134.21, 134.53, 139.42. GCMS 
m/e (rel. intensity): 178 (7.4), 176(17.8) M +', 163(44.0), 161(100.0) M-15 +, 
137(10.6), 135(25.3). 

Preparation of 2.5-bislDimethvlchlorosilvllthioohene (IV~ 

In a 50 mL three neck rb flask fitted with a thermometer, a reflux condenser 
and a rubber septum was placed a mixture of III (1.4 g, 7 mmol), benozyl peroxide 
(0.24 g, 1 retool) and carbon tetrachloride (14 mL, 0.2 tool). The mixture was 
heated to reflux for 24 h. After cooling to rt, carbon tetrachloride and chloroform 
were removed by evaporation under reduced pressure. The residue was distilled 
through a 10 cm vacuum jacketed Vigreux column. A fraction bp 76-78~ mm 
1.73 g (92% yield) was obtained. Lit. bp 114-115~ ram. 12 1H NMR 8: 
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0.74(s,12H), 7.50(s,2H). 13C NMR 5: 3.27, 136.65, 143.26. 29Si NMR 5: 14.81. 
GCMS m/e (rel. intensity): 272(1.5), 270(6.2), 268(8.1) M +', 257 (9.7), 255(26.8), 
253(36.3) M-15 +, 177(9.6), 149(41.8), 93 (31.6), 71 (100.0), 42(90.4). 

Preparation of Poly[2:5-bis(dimethylsilvl)thiophene] (I) 

In a 50 mL three neck rb flask fitted with a thermometer, a reflux condenser, 
an a presure equalizing dropping funnel was placed a Teflon covered magnetic 
stirring bar, sodium (0.18 g, 8 mmol) and 4 mL of toluene. The contents of the 
flask were stirred and heated to reflux. To this was added dropwise a solution of IV 
(0.81 g, 3 mmol) in 10 mL of toluene. After the addition was complete, the reaction 
mixture was heated at 100~ overnight. It was cooled to rt and 20 mL of 
methylene chloride was added. Unreacted sodium and sodium chloride salts were 
removed by filtration. The filtrate was washed with water, dried over anhydrous 
magnesium sulfate and filtered. The solvents were removed by evaporation under 
reduced pressure. Crude I, 0.48 g, 81% yield, was obtained. It was dissolved in 
methylene chloride and purified by precipitation with methanol. In this way, 0.35 g 
of a colorless white powder mp 140-143~ was obtained. 1H NMR 5: 0.37(s,12H), 
7.18(s,2H). 13C NMR 5: -2.58, 135.56, 143.85. 29Si NMR 5: -24.76. IR : 2990, 
2920, 1505, 1425, 1285, 1265, 1220, 1025, 850, 805 cm "1. UV: ;Lmax 267.8 nm, r -- 
10,336 per unit. GPC Mw/Mn -- 17,900/8,200. Elemental Anal. Calcd. for 
C8H14SSi2: C, 48.42; H, 7.11; S, 16.16. Found: C, 48.66; H, 7.01; S, 15.94. 

1.2-Diehloro-1.1.2.2-tetramethvldisilane (V~ 

V was prepared from hexamethyldisilane (Petrarch) by reaction with 
trimethylchlorosilane and anhydrous aluminum chloride in 88% yield. 13 

Pre[}aration of Olioomers of I 
v 

In a 100 mL three neck rb flask equipped with an ultrasound horn as above 
was placed V (1.87 g, 10 mmol), II (1.06 mL, 10 mmol), magnesium turnings (0.60 
g, 25 mmol) and 50 mL of THF. The mixture was sonicated for 4 h. After work up, 
a yellow solid 2.24 g was obtained. It was recrystallized from THF/methanol to 
yield a white solid mp 93-112~ Its IR and UV spectra were in agreement with I 
prepared by the Wurtz coupling above. On the other hand, resonances resulting 
from terminal thiophene groups were observed in the 1H and 130 NMR spectra. 

Photodearadation of II~ 
v , . 

A solution of I Mw/Mn = 17,900/8,200 (100 mg, 0.5 mmol), methanol (5 mmol) 
and benzene (3 mL) was placed in a 0.8 x 15 mm quartz tube. Argon was bubbled 
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through the solution for 10 rain. The tube was sealed with a rubber septum. It was 
placed adjacent to a quartz photolysis well which contained a 550 W Hanovia 
medium pressure mercury lamp. The photolysis reaction was cooled to 25~ in a 
water bath. Photolysis for 5 h resulted in a polymer with Mw/Mn = 4,40012,600, 
while photolysis for 16 h gave material in which both Mw and Mn were less than 
1,000. After photolysis, the solvents were removed by evaporation under reduced 
pressure. The residue had the following spectral properties. 1H NMR 8: 0.04- 
0.52(m,60H), 3.33(s,9H), 3.71(s,3H), 4.64~ept.,1H, J = 4.1 Hz), 7.24-7.85(m,10H). 
13C NMR 8: 1.06, 1.83, 135.60, 142.82. ~Si NMR 6: -8.19, -9.42, -20.21, -21.84, 
-22.90. IR v: 3400, 2962, 2125, 1641, 1632, 1384, 1258, 1040, 827, 799.6 cm ~ 
UV: ;k~nax 236.2 nm, s = 22,380. 

RESULTS AND DISCUSSION 

We have prepared I in three steps starting from commercially available 
2,5-dichlorothiophene (11). While it is difficuR to prepare a di-Grignard reagent from 
II under normal conditions, we have found that it is quite easy to carry out in-situ 
geF, eration and coupling of this species with dimethylchlorosilane under ultrasound 
activation. 14"18 In this way, we have been able to prepare 2,5-bis(dimethylsilyl)- 
thiophene (lU) in greater than 90% isolated yield. In a second step, III has been 
converted to 2,5-bi~(dimethylchlorosilyl)thiophene (IV) by a benzoyl peroxide 
initiated free radical chlorination reaction. 19'29 Finally we have utilized a Wurtz type 
coupling reaction of IV with sodium dispersion in toluene to produce I with Mw/Mn = 
17,900/8,200 (see Scheme 1). 

CCl4/benzoyl peroxide 

CH- CH~ 
i ~  \\ i s H-Si--~I \~,,.-St-H 

I ~ I t \S F I Cl Cl ~ /  Cl -S I--~.~ ).)--Sl -el 

2 (CH3)zsI~Hcl ~ CH3 cH3 CH3 CH3 

)))1 

l"-si-"'<,, s~i-- F 
%~H 3 CH3/n 

This type of Si-Si bond forming reaction has been utilized to prepare various 
polysilanes as well as to synthesize monomeric compounds possessing Si-Si 
bonds.21,22 

We have also prepared oligomers of I, Mw/Mn = 1,000/880, by the ultrasound 
promoted reaction of 1,2-dichloro-l,l,2,2-tetramethyldisilane (V) with II and 
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magensium. Failure of this approach to yield I may partially result from degradation 
of I by ultrasound. Thus the molecular weight of I, Mw/Mn = 17,900/8,200, rapidly 
(1 h) decreases on irradiation of a solution of I with ultrasound to Mw/Mn = 
5,600/2,700. However, additional ultrasound causes no further degradation of I. 

The ultraviolet absorption spectrum of I is significantly shifted to longer 
wavelength compared to those of monomeric model compounds: I ;Lmax 267.8 nm, 

= 10,340; III Zmax 243.8 nm, ~ = 12,030; 1,2-bis(2'-thiophenyl)-l,1,2,2-tetramethyl- 
disilane Zmax 244.0 nm, E = 24.700. 24 

Photolysis of a benzene/methanol solution of I results in photodegredation of 
the polymer. The decrease in molecular weight depends on the length of the 
photolysis. This process may occur by homolytic scission of a photoexcited Si-Si 
bond to yield a pair of polymeric fragments which are terminated by silyl radical 
centers. These may undergo disproportionation to yield one polymer chain 
terminated by a dimethylsilyl group while the other polymer chain is terminated by a 
reactive Si-C double bond. Addition of methanol across the Si-C double bond will 
yield a polymer chain terminated by a methoxydimethylsilyl group. 23 Direct reaction 
of methanol with a photoexcited Si-Si bond of I will produce identical results (see 
Scheme 2). 24 Spectroscopic analysis of the oligomeric residue present after 
photolysis of I is consistent with the presence of Si-H and Si-OCH3 functional 
groups. 

~, I_ % ~ J 

<.,o. \.,.. k. 

~176 

CH 3 
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The thermal stability of I was determined by TGA. The polymer is stable to 
250~ Between 250 and 350~ the polymer loses about four percent bf its original 
weight. At temperatures above 350~ rapid weight loss occurs. By 550~ only 23 
percent of the original weight of the sample remains. Virtually no further loss of 
weight occurs on increasing the temperature to 750~ (see Figure 1). At this point 
a black colored residue remains. 
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Figure 1. TGA of Polymer I. 

Acknowledgement: This work was supported by the Air Force Office of Scientific 
Research 89-0007. 

REFERENCES 

1. West, R. Annals New York Acad. of Sci., 262 (1974). 
2. West, R.; Carberry, E. Science, 189. 179 (1975). 
3. West, R. Pure and Applied Chem., 54, 1041 (1982). 
4. Boberski, W. G.; AIIred, A. L. J. Organometal. Chem., 88, 65 (1975). 
5. Boberski, W. G.; AIIred, A. L J. Organometal. Chem., 71, C27 (1977). 
6. Yamada, S.; Tokito, S.; Tsutsui, T. Saito, S. Chem. Soc., Chem. Commun., 

1449 (1987). 
7. Nate, K.; Ishikawa, M.; Ni, J.; Watanabe H.; Saheki, Y. Organometallics, 6, 

1673 (1987). 



140 

8. Miller, R. D.; Hofer, D.; McKean, D. R.; Willson, C. G.; West, R.; Trefonas III, 
P. T. "Soluble Polysilane Derivatives: Interesting New Radiation-Sensitive 
Polymers" in "Materials for Microlithography" ed, Thompson, L. F.; Willson, C. 
G.; Frechet, J. M. J. Amer. Chem. Soc., Washington, D.C. 1984, p. 293-310. 

9. Corfield, G. C.; Astill, D. T.; Clegg, D. W. "Radiation Stability of Silicon 
Elastomers" in "Materials for Microlithography" ed., Thompson, L. F.; Willson, 
C. G.; Frechet, J. M. J. Amer. Chem. Soc., Washington, D.C., 1984, p. 
473-480. 

10. Pegg, D.T.; Doddrell, D. M.; Bendall, M.R.J. Chem. Phys., 77, 2745 (1982). 
11. Egorochkin, A.N.; Burov, A. I.; Vyazankin, N.S.; Savushkina, V.I.; Anisimova, 

V.Z.; Chernyshev, E.A. Dokl. Akad. Nauk SSSR, 184. 351 (1969). 
12. Khorshev, S.Y.; Vyazankin, N.S.; Egorochkin, A.N.; Chernyshev, E.A.; 

Savushkina, V.I.; Kuz'min, O.V.; Anisimova, V.Z. Khim. Geterotsikl. Soedin., 
477 (1974), Khim. Geterotsil. Soedin. 8, 1075 (1984). 

13. Ishikawa, M.; Kumada, M; Sakurai, H. J. Organometal. Chem., 23, 63 (1970). 
14. For a recent review see: Boudjouk, P. J. J. Chem. Educ., 63, 427 (1986). 
15. For a recent review see: Abdulla, R. F. Aldrichimica Acta, 21, 31 (1988). 
16. de Souza-Barboza, J. C.; Pettier, C.; Luche, J. L. J. Org. Chem., 53, 1212 

(1988). 
17. Einhorn J.; Luche, J. L. J. Org. Chem., 52, 4124 (1987). 
18. Suslik, K. S.; Casadonte, D. J. J. Am. Chem. Soc., 109. 3459 (1987). 
19. Sakurai, H.; Murakami, M.; Kumada, M. J. Am. Chem. Soc., 91,519 (1969). 
20. Jung, I. N.; Weber, W. P. J. Org. Chem., 41,946 (1976). 
21. For a review see: Hengge, E. "Properties and Preparation of Si-Si Linkages" 

Springer Verlag, Berlin, 1974. 
22. Zhang, X. H.; West, R. J. Polym. Sci. Polym. Chem. Ed., 22, 159 and 225 

(1984). 
23. For a recent review see: Ishikawa, M.; Kumada, M. "Advances in Organometal. 

Chem." Vol. 19, Ed. Stone F. G. A.; West, R. Academic Press, New York, 
1981, p 51-95. 

24. Hu, S. S.; Weber, W. P. J. Organometal. Chem., in press (1989). 

Accepted January 17, 1989 K 


