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The reaction of dilithiobutadiyne (or the corresponding di-Grignard reagent) with various dichlorosilanes 
and dibromogermanes in THF at room temperature afforded poly[ (silylene)diacetylenes] and poly[ (ger- 
mylene)diacetylenes], respectively, in high yields. The polymers have a regular alternating arrangement 
of diyne and silylene or germylene units. When they are doped with FeC13, thew polymers show conductivity 
valuea in the range 106-lC3 S.cm-'. The valuea depend greatly on the electronic character of the substituents 
bonded to silicon or germanium. 

Introduction 
In recent years, much attention has been paid to sili- 

con-containing polymers as sources of novel materials in 
terms of their optical and electronic properties' or as 
precursors to ceramics by thermal decomposition.2 

In this context, we were interested in investigating 
molecularly defined silylene and germylene polymers, 
[-(ER,),C=C-C=C-], with E = Si or Ge, containing a 
regular altemating arrangement of (EW, and diyne units 
in the polymer ba~kbone.~ 

Such derivatives would be of interest in order to explore 
the ability of a silicon or germanium atom inserted in a 
conjugated carbon backbone to allow charge-transport 
properties. In particular, silyl or polysilyl groups are 
known to be involved in conjugation with unsaturated 
groups either through a (d-p), overlap4 or a (a*-p),-type 
interaction! Thus, the above molecules might be expected 

(1) As examples: (a) Chicart, P.; Corriu, R. J. P.; Moreau, J. J. E.; 
Garnier, F.; Yaesar, A. Chem. Mater. 1991,3,8. (b) Mignani, G.; Krhe ,  
A.; Puccetti, G.; Ledoux, I.; Soula, G.; Zyss, J.; Meyrueix, R. Organo- 
metallics 1990,9,2640. (c) Corriu, R. J. P.; Douglas, W. E.; Yang, Z.-X. 
J. Polym. Sci., Part C Polym. Lett. 1990,28,431. (d) Ishikawa, M. h r e  
Appl. Chem. 1991,63,851 and references therein. (e) Wong, K. S.; Han, 
S. G.; Vardeny, Z. V.; Shinar, J.; Pang, Y.; Ijadi-Maghsoodi, S.; Barton, 
T. J.; Grigoras, S.; Parbhoo, B. Appl. Phys. Lett. 1991,58(16), 1695. (f) 
Ohehita, J.; Kanaya, D.; Ishikawa, M.; Kocke, T.; Yamanaka, T. Macro- 
molecules 1991,24, 2106. 

(2) Reviews: (a) Yajima, S. Am. Ceram. SOC. Bull. 1983,62,893. (b) 
Wynne, K. J.; Rice, R. W. Annu. Rev. Mater. Sei. 1984, 14, 297. (c) 
Inorganic and Organometallic Polymers: Macromolecules Containing 
Silicon, Phosphorus and Other Inorganic Elements; Zeldin, M., Wynne, 
K. J., Allcock, H. R., Eds.; ACS Symposium Series 360; American 
Chemical Society: Washington, DC, 1988, and references therein. (d) 
Silicon-Based Polymer Science; Zeigler, J. M., Gordon Fearon, F. W., 
Eds.; Advances in Chemistry 224; American Chemical Society: Wash- 
ington, DC, 1990. (e) West, R. Actual. Chim. 1986,64. (0 J. Organomet. 
Chem. 1986,3qO, 327. (0 Seyferth, D. Actual. Chim. 1986, 71. 

(3) For preliminary accounts of related work see: (a) Corriu, R.; 
Gudrin, C.; Henner, B.; Jean, A.; Kuhlmann, T. Enveloppe Soleau (I. 
N.P.I.), 54387, Dec 10,1987. (b) Fr. Demande 2,646,162 (Cl. CO8G77/60), 
Oct 26 1990, Appl. 89/5,567,21 April 1989. (c) Corriu, R.; GuCrin, C.; 
Henner, B.; Kuhlmann, T.; Jean, A.; Gamier, F.; Yassar, A. Chem. Mater. 
1990,2, 351. 
(4) (a) Apeloig, Y. In The Chemistry of Organic Silicon Compounds; 

Patai, S., Rappoport, Z., Eds.; Wiley: Chichester, U.K., 1989; Vol. 1, p 
57. (b) Bassindale, A. In ref 4a, 1989, Vol. 2, p 893. 

Table I 
THF . 

O *C to room temp 
C4Li2 + R1R2R3EX 

R 1 R % 3 E C ~ + k C E R * R % 3  

RiR2R3EX 
E X  R' 

Si C1 Et 
Ph 
Ph 
Ph 
Me 
Ph 
Me0 
Et0 

Ge Br Et 
Me 
Me 

Sn C1 Ph 

R2 
Et 
Me 
Ph 
Ph 
Me 
Ph 
Me0 
Et0  
Et 
Me 
Ph 
Ph 

R3 
Et 
Me 
Me 
Ph 
H 
H 
Me0 
Et0 
Et 
Ph 
Ph 
Ph 

yield, % 
98 
98 
94 
85 
84 
91 
45 
57 
76 
60 
80 
78 

to exhibit properties consistent with a delocalization of the 
*-electron density along the main chain and to be candi- 
dates for conductive polymers. 

In this paper, we report our synthetic approach to new 
(sily1ene)- and (germy1ene)diacetylene polymers and their 
conducting properties. The possibility of modulating the 
charge-transport properties by the electronic effects of 
substituents grafted on the Si or Ge atom was investigated. 

Results and Discussion 
Preparation of the (Sily1ene)- and (Germy1ene)di- 

acetylene Polymers. Poly(silaacety1ides) [-Si&-C= 
C-1, have been prepared by reaction of BrMgCdMgBr, 
Mg(Cd), ,  and L i C d L i  with dichlorosilanes.s Re- 

(5) (a) Sakurai, H. J. Organomet. Chem. 1980,200,261. (b) Iehikawa, 
M.; Kumada, M. Adv. Organomet. Chem. 1981, B19,51. (c) Sakurai, H.; 
Nakadaira, Y.; Hosomi, A.; Eriyama, Y.; Kabuto, C. J. Am. Chem. Soc. 
1983,105,3359. (d) Gleier, R.; Schser, W.; Sakurai, H. J. Am. Chem. 
Soc. 1985, 107, 3046. (e) Iwahara, T.; West, R. J. Chem. SOC., Chem. 
Commun., 1988, 954. (0 Iwahara, T.; Hayase, 5. H.; West, R. Macro- 
molecules 1990, 23, 1298. (g) Tanaka, K.; Nakajima, K.; Okada, M.; 
Yamabe, T. Organometallics 1991, IO, 2679 and references therein. 
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Table I1 

C4Liz (or C4MgzBr2) + X[-R1R2E-],X - - [-(ER1R2E),Cd-C=C-],, 
E = Si, X = C1, m = 1,2; E = Ge, X = Br, m = 1 

THF M8OH 

chlorosilane polymerf yield, % MWb MWIM, nW mp, OC T,, OC' 
MeaiCl, 1 100 4060 1.24 38 150 27 
E@iClz 2 100 6070 1.45 45 170-190 
C1(Me&3i),C1° 3 100 3540 1.41 21 160 
MePhSiCl, 4 95 3070 1.64 18 80-110 25 
Ph&3iC12 5 97 1830 1.31 8 210 dec 
Me(p-MeC&,)SiCl, 6 87 2710 1.30 15 90-130 
Me@-MeOC6H4)SiC1, 7 91 1822 1.24 9 90-120 
CH2==CH(Me)SiC12" 8 77 8830 1.99 75 gum 22 

P h a P h  9 96 3330 1.96 12 96 

PhHSiClzo 10 87 4110 1.95 27 80 
(MesSi)zSiClz 11 85 7310 1.18 33 d 

H' 'CI 

dibromogermane polymerf yield, % MWb MWIM, nW mp, OCC T,, OC' 

MePhGeBr2 13 79 3093 1.57 15 75-80 65 
Ph2GeBr2 12 87 2255 1.34 8 143-150 97 

EtPhGeBr, 14 65 2522 1.34 11 105-110 
EhGeBr, 15 50 2401 1.85 13 130-140 75 

C,(MgBr), was used instead of C4Li2. Weight-average molecular weighta are determined relative to polystyrene standards. The 
polymers visually appeared to melt and decompose in the range of temperatures indicated. dInfusible solid. 'Measured with a torsion 
pendulum, except 13 and 15, which were determined by DSC. 'All of the polymers are soluble in the usual organic solvents such aa benzene, 
THF, CHCla, and CHzClp 

cently, Barton et al. reported a more efficient access to 
these compounds, using a dilithioacetylide prepared by the 
reaction of trichloroethylene with n-butyllithium.' 
Poly(disilyleneethyny1enes) have been also reported by 
Ishikawa8 and West?f In the case of polymers containing 
one germanium and acetylene units, one brief communi- 
cation appeared in the late 1960s concerning [-GePh,- 

In contrast, analogous polymers containing a diacetylene 
unit have been legs explored. Previous attempts to prepare 
(sily1ene)diacetylene derivatives either by a copper-cata- 
lyzed oxidative coupling reactionlo or by thermal polym- 
erization" of R,Si(C=CH), have failed to produce the 
expected compounda.l2 Concurrent with our studies? 
Ishikawa et al. have reported the synthesis of two bis(si- 
1ylene)diacetylene polymers [-(ER1R2),M--]n (E 
= Si, m = 2; R1 = Me, R2 =Et, R1 = Me, R2 = Ph) by the 
reaction of LizC4 with (MeEtSiCl), and (MePhSiC1)213 
Furthermore, preliminary data on the preparation of (si- 
1ylene)diacetylene polymers by the reaction of dichloro- 
silanes and a dilithiobutadiyne obtained from n-butyl- 

CW+CsH,C3s-] n? 

(6) Seyferth, D., In Inorganic and Organometallic Polymers: Mac- 
romolecules Containing Silicon, Phosphorus and Other Inorganic Ele- 
ments; Zeldin, M., Wynne, K. J., Allcock, H. R., Ede.; ACS Symposium 
Series 3so; American Chemical society Washington, DC, 1988, pp 21-42. 
(b) Seyferth, D.; Wiseman, G. H.; Yu, Y. F.; Targos, T. 5.; Sobon, C. A.; 
Wood, T. G.; Koppetoh, G. E. In Silicon Chemistry; Corey, E. R., Corey, 
J. O., Gaspar, P. P., Ede.; Ellie Horwood: Chichester, U.K., 1988, Chapter 
38, pp 416-424. 

(7) Ijadi-Magheoodi, S.; Pang, Y.; Barton, T. J. J. Polym. Sci., Part 
A: Polym. Chem. 1990,28,955. 

(8) Iehikawa, M.; Hasegawa, Y.; Hatano, T.; Kunai, A. Organometallics 
1989, 8, 2741. 

(9) (a) Luneva, L. K.; Kondratenko, L. A.; Sladkov, A. M.; Korshak, 
V. V. Izu. Akad. Nauk SSSR, Ser. Khim. 1967,2095. (b) Hartmann, H.; 
Dietz, E.; Komorrniczyk, K.; Reise, W. Naturwissenschaften 1961,48, 
570. -. _. 
(10) Parnell, D. R.; Macainone, D. P. J. Polym. Sci., Part A: Polym. 

Chem. 1973,II, 1107. 
(11) Luneva, L. K.; Sladkov, A. M.; Korshak, V. V. Zzu. Akad. Nauk 

SSSR, Ser. Khim. 1968, 170. 
(12) (a) Shinar, J.; Ijadi-Magheoodi, S.; Ni, A,-X.; Pang, Y.; Barton, 

T. J. Synth. Met. 1989,28, C593. (b) Barton, T. J.; Ijadi-Magsoodi, S.; 
Pang, Y. Macromolecules 1991,24, 1257. 

(13) Oehita, J.: Kanaua, D.: Iehikawa. M.: Yamanaka, T. J. J. Oraa- 

lithium-induced dechlorination of hexachlorobutadiene 
were reported quite re~ent1y.l~ 

According to the method previously reported by Walton 
et al. for the preparation of Me3SiC=C--C=CLi,l5 the 
double-desilylation reaction of 1,4-bis(trimethylsilyl)bu- 
tadiyne16 with 2 equiv of the MeLi-LiBr complex (eq 1) 

Me3SiCW--C=CSiMe3 + 2MeLi-LiBr - 
LiC=C-C=CLi + Me4Si (1) 

afforded the expected dilithiobutadiyne in high yield. The 
di-Grignard reagent C4(MgBr), was obtained from CILiz 
by metal-metal exchange using MgBr, (eq 2). In order 

THF 
room temp 

THF 
room tamp 

L i C W - C E C L i  + 2MgBrz - 
BrMgCEC-CdMgBr (2) 

to assess the potential utility of the dilithio derivative, we 
carried out condensation by slow addition of the required 
amount of a monochlorosilane or monobromogermane. 
Various l,Cbis(silyl)- and l,Cbis(germyl)diacetylenes, 
some of them containing H or functional groups attached 
at the silicon atom, were obtained in high yields as shown 
in Table I. The dilithio derivative reacted also with 
Ph3SnC1 to give the expected bis(triphenylstanny1)di- 
acetylene derivative. The monodesilylation of 1,4-bis- 
(trimethylsily1)butadiyne using MeLi-LiBr has been 
previously and we used this method to prepare 
mixed silicon, germanium, or tin derivatives (Scheme I). 
Scheme I 

Me3SiC=C-C=CSiMe3 + MeLi-LiBr - THF 

1 eauiv 
RsEBr 

Me3SiC=C--C=C-Li+ - Me3SiCW-C=CER3 
ER3 = GeEt3, 55% 

ER = GePhMe,, 65% 
Ek3 = SnPh3, 78% 

(14) Ijadi-Maghsoodi, S.; Barton, T. J. Macromolecules 1991,23,4485. 
(15) Holmes, A. B.; Jennings-White, C. L. D.; Schultese, A. H.; Akinde, 

(16) Zweifel, G.; Rajagopalan, 5. J. Am. Chem. SOC. 1985, 107, 700. 
B.; Walton, D. R. M. J. Chem. SOC., Chem. Commun. 1979, 840. 

nomet. Chem. 1989,389, C18. 
- 
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Table 111. Physical Propertier of the Silyl Polymers 
IR 

'H NMR 2Bsi NMR 

R1 = Me; R2 = vinyl 

R1 = H; R2 = Ph 

R'R2- P h e P h  

".. . _. 
2070,2047 0.3 (SiCH,) -38.89 -0.1 (SiCH,); 82.3 ( S i W ) ;  89.34 (SicPC) 
2070, 2042 0.6 (a, 2 H, CHI); 0.87 -28.66 6.25 (CH& 7.37 (CH3); 80.65 (SiC-C); 90.02 (SiciC) 

(t, 3 H, CH,)- 

7-8 (m, Ph) 
2075,2050 3.58 (CH,, chain end); 

2070, 2050 0.46 ( ~ , 3  H, CH3); 7-8 
(m, 5 H, Ph) 

2070, 2047 0.47 (e, 3 H, SiCH,); 2.37 

(AA'BB' system, 4 H, 
Ph) 

(8, 3 H, OCH,); 7.21 
(AA'BB' system, 4 H, 
Ph); 0.32 (SiCH3, 
chain end) 

(e, 3 H, vinyl) 

(8, 3 H, CH3); 7-8 

2070, 2047 0.46 (8, 3 H, CH3); 3.66 

2070, 2049 0.26 (s, 3 H, CH,); 5.75 

2076,2049 4.87 (8, 1 H, SiH); 7-8 

2070,2043 7-8 (m, Ph and 4 H ) ;  
0.32 (SiMe3, chain 

(m, 5 H, Ph) 

-47.37 

-42.14 

52.3 (CH80, chain end); 80.54 (SiChC); 91.78 ( S i b C ) ;  

-0.66 @Ha); 81.42 (SiC=C): 90.63 ( S i W ) ;  128.7. 
128.8, 131.46, 136.37 (Ph) 

131.12, i34.5 (Ph) 

81.63 (SiC=C); 90.57 (SiChC!): 129.35, 129.58. 134.04. 
-42.11 -0.55 (SiCH,); 22.07 (CH,); 52.3 (CHIO, chain end), 

134.59, 141.47 (Ph) 

-42.42 -0.47 (SiCH3); 52.0 (OCH3 chain end); 55.49 @-CH,O); 
81.75 (SiC=C); 90.46 (SiCIC); 114.55, 122.50, 136.19, 
162.21 (C,H4-) 

-44.33 

-62.29 (d, Jsm 

-15.43 

-1.45 (CHd; 80.85 (Si-); 90.02 (SiC.ic0; 131.02, 

78.28 (SiC-C); 91.38 (Sic-C); 125.63, 128.41, 131.92 

86.35 (SiC=C); 88.87 (Sic-C); 127.53, 129.09 (Ph); 

137.49 (CHyCH) 

= 241 Hz) (Ph) 

138.7, 141.2 (C-CH) . .  
end) 

(SiR1R2) = -(SiMe&- 2060, 2039 0.26 (8, CHJ -35.47 -3.00 (SCH,); 84.66 (SicC);  91.19 (Si-) 
R1 = R2 = SiMe, 2080, 2060 0.21 (8, CH3) -1.68 (SiMe); 88.34 (Si-); 92.94 ( S i W  

Table IV. Physical Prowrtier of the Oermvl Polymers 
IR (CCW 

[-GeR1R2C4-], v(C*), cm-l 'H NMR (CC14), 6, ppm 13C NMR (CDCl,), 6, ppm 
R1 = R2 = Ph 2074 7.0-7.6 (m, Ph) 79.3 (Ge-1; 90.3 ( G e C e ) ;  128.9, 129.2, 130.0, 130.9, 132.4, 

134.2 (GePh) 
-0.9 (GeMe, chain end); 0.2 (GeMe); 80.38 (Ge-); 89.32 

(GeC=C); 128.74, 129.1, 129.71, 130.7, 133.46 (GePh) 
R1 = Me; R2 = Ph 0.45 (e, GeMe, chain end); 

R 1 = E t ; R 2 = P h  2071 0.40 (a, GeMe, chain end); 

2073 
0.66 (8, GeMe); 7.1-7.6 (GePh) 

0.9-1.4 (m. 5 H. Et): 7.0-7.7 , .. 
(m, 5 H; Ph) 

R1 = R2 = Et 

The condensation of C4Li217 or C,(MgBr), with various 
dichlorosilanes was carried out in THF. The reactions 
were performed with a slight excess of dichlorosilane in 
order to favor the formation of silicon-chlorine termina- 
tions; these species were quenched with MeOH to give 
methoxylated compounds. The desired polymers were 
obtained in excellent yields, as indicated in Table 11. 

The reaction took place readily under mild conditions 
(see Experimental Section for details). Various side group 
such as trimethylsilyl groups (Table 11, compound 11) or 
aromatic rings with electron-donating groups (Me, OMe; 
Table 11, compounds 6 and 7) have been introduced as 
substituents at silicon. In the case of vinylmethyldi- 
chlorosilane, the di-Grignard reagent was used instead of 
the dilithio derivative in order to avoid the addition on the 
double bond1* and, thus, side cross-linking reactions. The 
polycondensation reactions with dichlorotetramethyldi- 
silane and phenyldichlorosilane were also performed with 
the di-Grignard reagent to prevent the cleavage of the 
Si-Si or Si-H bond, respectively. The coupling reaction 
with l-chloro-2,6-diphenylsilacyclopentadiene resulted in 
the displacement of both exocyclic bonds. 

2068 0.13 (8, GeMe, chain end) 

(17) C&i2 can be a h  prepared by lithiation of (2)-1-methoxybut-1- 
en-3-yne accordiug to the method described in ref 16. However, polymers 
of lower molecular weighta are generally obtained from reactions with 
dichlorosilanee when thie method is used to produce C4LiZ3. This is 
certainly partly due to the presence of the reactive MeOLi. The latter 
will convert the initial chlorosilanee into less reactive methoxyailanes. 
MeOLi is also able to cleave the labile bonds present in the final 
products. 

(18) (a) Cason, L. F.; Brooke, H. G. J. Am. Chem. SOC. 1952, 74,4582. 
(b) J. Org. Chem. 1954, 19, 1278. 

-3.3 (GeMe, chain end); 8.82, 9.20, 10.48 (GeEt);' 79.42 (GeC=C); 
89.87 (GeC=C); 128.05, 129.6, 130.6, 132.74, 133.8 (GePh) 

7.81 (GeCH,); 8.97 (GeCH,); 79.87 ( G e W ) ;  89.34 (GeC=C) 

With the germanium derivatives, the dibromides, which 
are more reactive and more easily prepared, were used 
instead of the dichloride compounds. The condensation 
procedure was the same as for the silicon compounds, but 
the germauium derivativea with akyl and aryl substituents 
were ended with a methyl group, using methylmagnesium 
bromide as the quenching agent. 

Weight-average molecular weights in the range of M, 
= 180&4OOO relative to polystyrene standards were de- 
termined by gel permeation chromatography (GPC) (Table 
II). A weightraverage molecular weight of 6070 in the case 
of poly[ (diethylsily1ene)diacetylenel corresponds to a po- 
lymerization degree of about n, = 45 (45 (sily1ene)di- 
acetylene units on average). A total of 38 units have been 
found in the case of the corresponding dimethylated 
polymer. Changing the alkyl substituents to aryl groups 
results in a significant decrease of the polymerization 
degree, and n, is only 8 in the case of poly[(diphenyl- 
sily1ene)diacetylenel. This may be due to both steric 
hindrance and electronic factors lowering the rate of the 
polymerization process. The longest chain was obtained 
in the case of the methylvinylsilyl derivative (n,  = 75 
units) with a polydispersity of 1.99 (M,/M, from GPC). 
Interestingly, the polydispersity values are low, in the range 
of 1.2-2.0 (Table I), and are consistent with purely linear 
structures for all of the described polymers. The same 
observations can be made in the case of the germanium 
derivatives (Table 11), except that the yields are lower and 
that a decrease of the polymerization degree is observed, 
Le., n, = 8-14 only. 

The polymers were characterized by using IR, UV, and 
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Poly[(silylene)diacetylenes] and -[(germylene)diacetylene 

Table V. Conductivity Values for the 
Poly[ (ailylene)diacetylenes] and Their Germanium 

Analogues 
polwe+ conductivity, S-cm-' 

[-Me&Crl, (1) 8 x 10-5 
[-(Me,Si)?Crl, (3) 5 x 10-5 
[-MePhSiC4-], (4) 10-4 
[-Ph2SiC4-], (5) 3 x 10-3 
[-Me@-MeCBH4)SiC,-], (6) 2 x 10-4 
[-Me@-MeCBH4)SiC4-]. (7) 3 x 10-4 
[-Ph2GeC4-], (12) lo4 
[ -MePhGeC4-] ,, (1 3) 3 x 10-5 
[-EtPhGeC4-1, ( 14) 2 x 104 

In their undoped state, the polymers are insulators; conductiv- 
ity valuea range from lo-'* to Smcm-l. bUpon doping with 
FeC13. 

liquid NMR spectroscopy. The 'H, 13C, and '%i NMR 
spectra of all the compounds are consistent with the as- 
signed structure of the polymer chain. These values are 
Summarized in Tables I11 and IV. 
As an example, the IR spectrum of poly[(dimethyl- 

sily1ene)diacetylenel exhibits a strong band at  2073 cm-' 
(v(C=C)).  The '9c NMR spectrum shows signals centered 
at 0.1 ppm and at 82.3 and 89.3 ppm (relative to TMS) due 
to the methyl and ethynylic carbons, respectively. Fur- 
thermore, the %Si NMR spectrum is also in agreement 
with a silicon atom bearing ethynyl groups with a singlet 
at -36.89 ppm.lg 
All of the polymers, except poly[ (methylvinylsily1ene)- 

diacetylene], are cream to brown powders. They are sol- 
uble in a variety of the usual organic solvents, such as 
benzene, THF, chloroform, and dichloromethane. They 
visually appear to melt between 100 and 200 OC (Table 11) 
according to the nature of the substituents attached at  
silicon. Indeed, the differential scanning calorimetry 
(DSC) curves of the above polymers showed no distinct 
melting endotherms. The glass transition temperatures 
(T ) were obtained for polymers 13 and 15. In the case of 
polymers 1, 4, 8, and 12 the T values were determined 
using a torsion pendulum. Weghave also to outline their 
particular thermal stability. In contrast to the usual po- 
lyynes, which are unstable,20 we observe no degradation 
reaction below 150 "C. 

Conductivity Study.2l Some of the prepared polymers 
have been cast as thin films on a glass substrate from their 
methylene chloride solutions and the conductivities de- 
termined by the four-probe method.22 All the films are 
insulators, with conductivity values ranging from to 

S-cm-'. The doping of these polymers has been 
carried out by the use of an electron acceptor such as FeC13 
in a dichloromethane solution (see the Experimental 
Section for details). The doping reaction with FeC13 fol- 
lows the procedure classically used in the field of organic 
conjugated polymers, such as polyacetylene, polypyrrole, 
and polythiophene, which are switched from their neutral 
insulating state to a doped conducting one by the use of 
a chemical oxidant. The appropriate amount of FeC13 is 
determined by the number of unsaturated bonds per 
monomeric unit in the polymer and by the fact that 2 mol 
of FeC13 is necessary to obtain 1 mol of FeC14- (2FeC1, - 
FeC14- + FeC1,). As in the case of the well-described 
conjugated polymers, this doping reaction is reversible, the 

(19) Maramnun, H. In NMR h i c  Principles and Progress; Diehl, P., 

(20) Johnson, T. R.; Walton, D. R. M. Tetrahedron 1972, 28, 5221. 
(21) The conductivity values have been determined by F. Gamier and 

(22) Sze, M. E. In Physics of Semiconductive Devices, 2nd ed.; Wiley: 

Fluck, E., Kosfeld, R., Eds.; Springer-Verlag: Berlin, 1981. 

A. Yaaear. 

New York, 1981; p 31. 
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Figure 1. X-ray powder diffraction patterns for 1 and 5. 

neutral state being obtained by the use of a reducing 
species such as an amine or even by washing the doped 
polymer with a solvent able to remove the FeC1, ions. 
This undoping reaction has also been realized in the 
present case for poly[ (silylene or germylene)diacetylenes], 
and the undoped material obtained shows the same IR 
absorption spectrum as the starting polymer.23 

The conductivities of the doped polymers have been 
measured, and the data are summarized in Table V. 

Upon doping with FeCl,, the conductivity reaches 
10-5-10-3 Seem-l; these relatively high values are compa- 
rable to those obtained for fully conjugated organic poly- 
memu As observed also by others for different conjugated 
silicon-containing polymers,' the data show that the in- 
tercalation of a silicon atom in a conjugated polymeric 
carbon backbone still allows the transfer of the charges. 
The presence of two consecutive silicon atoms does not 
prevent conductivity in the polymer. 

The replacement of a methyl group in the polymer 1 by 
a phenyl group (Table IV, polymer 3) enhances the con- 
ductivity of the doped polymer. Furthermore, an elec- 
tron-donating group (Me or MeO) attached at  the para 
position of the phenyl group (Table V, 4,6,7) significantly 
increases the conductivity, which reaches 3 X lo4 Smcm-' 
in the case of poly[ (methyl@-methoxypheny1)silylene)- 
diacetylene] (7). These data clearly outline the possibility 
of modulating the charge-transport properties by electronic 
effects of substituents grafted on the silicon atom. The 
aryl groups, which are able to stabilize a positive charge, 
lead to relatively high conductivity values. Furthermore, 
poly[ (dimethylsily1ene)diacetylenel (11, for which we may 
expect the shortest interchain distances, exhibits a 50 times 
lower conductivity. The X-ray powder diffraction pattern 
for 1 is indicative of a partially crystalline structure (Figure 
1). The repeat distance of the diacetylene backbone inside 
this region was measured as 4.6 A. In contrast, poly[ (di- 
phenylsilylene)diacetylene] (5), for which a higher con- 
ductivity value was obtained (Table V), exhibits a sig- 
nificantly lower degree of crystallinity (Fi re 1). The 
interchain distance was found to be about 6 This seems 
to be in agreement with a charge transport occurring 
mainly along the main chain of the polymer through the 
silicon atoms. Finally, the influence of the hetero element 

(23) No chemical reaction waa observed between 1 and FeCl,. Indeed, 
a solution of FeCl3.6Hz0 (0.25 M; 4 mL, 0.001 mol) in THF waa added 
to the polymer 1 (0.106 g, 0.001 mol) dissolved in 20 mL of THF and the 
mixture waa stirred at room temperature for 15 h. The solvent waa then 
removed under vacuum, and the residue waa washed with 10 mL of 
CH3NOp to remove FeCl,. Polymer 1 waa recovered quantitatively. 

(24) Dim, A. F.; Bargon, J. In Handbook of Conducting Polymers; 
Skotheim, T. A., Ed.; Marcel Dekker: New York, 1985; Vol. 1, p 81. 
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on the conducting properties was studied by exchanging 
germanium for silicon. The polymers obtained (Table V, 
polymers 12-14), doped with FeC13 under the same con- 
ditione as for the silicon polymers, gave slightly lower 
conductivity values than their silicon analogues. Due to 
the fact that the electronegativities and bond lengths are 
not very different between silicon and germanium, con- 
ducting values on the same order of magnitude should be 
expected. 

Conclusion 
The polymers prepared in this study are insulators, but 

conductivity values reach 106-10-3 Sscm-l when they are 
doped with FeC1,. The conductivities depend on the 
electronic effects of the groups attached at the silicon or 
germanium atom. When we take into account the ease of 
functionalization provided by the silicon or germanium 
atom and the particular stability of this class of polymers, 
they appear very promising for the design of new func- 
tionalized electrically conducting polymers. 

Experimental Section 
All reactions were carried out under argon or nitrogen using 

a vacuum line and Schlenk tubes. Solvents were dried and dis- 
tilled before use. Tetrahydrofuran (THF) was fmt distilled over 
calcium hydride and then over sodium benzophenone. 

The mono- and dichlorosilanes used were purchased from 
Janasen, Aldrich, or Lancester and distilled over magnesium before 
use. Triphenyltin chloride was purchased from Aldrich, me- 
thyllithium-lithium bromide solution in ether from Aldrich, 
n-BuLi in hexane from Janssen. 1-Methoxy-1-buten-3-yne from 
Aldrich was purified according to the literature.% The following 
derivatives were prepared according to published methods: 
1,4-bis(trimethylsilyl)-l,3-b~tadiyne,~~ chlorotrimethoxy- and 
chlorotriethoxysilanes,% 1,2-di~hlorotetramethyldisilane,~ di- 
chloromethyl-p-tolylsiie and dichloromethyl-p-anisylsilane,2s 
and bis(trimethylsilyl)dichlorosilane.as Triethylbromogermane, 
dimethylphenylbromogermane, diphenylmethylbromogermane, 
triphenylbromogermane, diphenyldibromogermane, methyl- 
phenyldibromogermane, and ethylphenyldibromogermane were 
prepared from germanium tetrachloride using the general pro- 
cedure of Brook and Peddle.so Diethyldibromogermane was 
prepared according to Mazerolle~.~~ MgBr2 was prepared from 
magnesium and 19-dibromoethane in THF as solvent followed 
by the evaporation of the volatiles. 

'H NMR spectra were obtained on a Bruker AW-60, AW-80, 
or AC-250 instrument and l9C and 2Bsi NMR spectra on a Bruker 
AC-200 or AC-250 spectrometer; the chemical shifts, 6, are relative 
to tetramethylsilane (TMS). IR spectra were recorded on a 
Perkin-Elmer 298 or 1600 spectrometer and mass spectra on a 
JEOL JMS-D 100 instrument. 

Gas permeation chromatography (GPC) was performed using 
a Waters 410 instrument with W and refractive index detection. 
The solvent used was THF, and the porosities of the columns used 
were 100,500,109, and 10' h The elution rate was 0.9 mL min-l. 
Melting points were taken using a Gallenkamp melting point 
apparatus and are uncorrected. 

X-ray diffraction measurements were obtained using Cu Ka 
radiation with a Philips diffractometer interfaced with a multi- 
acquisition c0mputeriz.d system developed by Prof. R. Fourcade 
(Universit.4 de Montpellier 11). 
To measurements were performed by Rhane-Poulenc using a 

(25) Corey, E. J.; Albright, 0. J. J.  Org. Chem. 1983,48, 2114. 
(26) Leclecq, D. To be submitted for publication. 
(27) Sakurai, H.; Ishikawa, M.; Kumada, M. J. Organomet. Chem. 

1970, 23, 63. 
(28) McManue, S. P.; Patterson, W. J.; Pittman, C. V. J.  Polym. Sci., 

Polym. Chem. Ed. 1973,10, 2401. 
(29) (a) Gilman, H.; Smith, C. L. J.  Organomet. Chem. 1967,8, 245. 

(b) J. Organomet. Chem. 1968,14,91. (c) Gilman, H.; Harrel, R. L. J .  
Organomet. Chem. 1966,5,199. (d) Boo, B. H.; Gaspar, P. P. Organo- 
metallics 1986,5,698. 

(30) Brook, A. G.; Peddle, G. J. D. J.  Am. Chem. Soc. 1963,85,1869. 
(31) Mazerolles, P. Bull. SOC. Chim. Fr. 1961, 1911. 

Ergfort e t  al. 

homemade torsion pendulum or a DSC Mettler 30 instrument. 
Synthesis of the l,)-Butadiyne Compounds. In these re- 

actions, 1,4dilithio-1,3-butadiyne was prepared by starting from 
1-methoxy-1-buten-3-yne according to the Zweifel procedure.16 

l&Bie(tri&hyleilyl)- 1 &butadiyne. The following procedure 
is given as an example. Chlorotriethylsilane (0.052 mol, 8.7 mL) 
was added neat to a slurry of 1,4dilithio-l,3-butadiyne (0.025 mol) 
prepared in THF as solvent. The reaction mixture was stirred 
at  room temperature for 2 h. After hydrolysis using a saturated 
solution of W C 1  and extraction with pentane, the organic phase 
was concentred under vacuum. Further purification using column 
chromatography @io2, pentane as eluent) gave 6.9 g (0.0248 mol, 
98% yield) of the title compound. The physical properties are 
identical with those reported in the literature.20 
1,4-Bis(dimethylphenylsilyl)-1,3-butadiyne. The same 

pmedure as for ll4bis(triethylsi~y1)-l,3-butadiyne was used, with 
0.015 mol of the dilithio reagent and 0.032 mol (5.5 mL) of 
chlorodimethylphenylsilane; 6.67 g (98% yield) of the title com- 
pound was obtained. Mp: 63-64 "C. 'H NMR (CCl,; 6, ppm): 
0.33 (s,6 H, CHJ, 7-8 (m, 5 HI Ph). NMR (CDCl,; 6, ppm): 
-0.86 (SiCHJ, 84.90 ( S i W ) ,  89.98 (SiCrC), 135.09, 135.93, 
134.16,130.24,128.48 (Ph). %li NMR (CDC1,; 6, ppm): -20.27. 
Anal. Calcd for C2,,H22Si2: C, 75.47; H, 6.92. Found C, 75.15; 
HI 6.87. 

1,4-Bis(methyldiphenylsilyl)-1,3-butadiyne. The same 
procedure as for 1,4bis(triethylsi~yl)-l,3-butadiyne was used with 
0.015 mol of the dilithio reagent and 0.032 mol (7 mL) of me- 
thyldiphenylchlomi.  Rmytaba * tion from hexane gave 6.24 
g (94% yield) of the title compound as a white solid. Mp: 142 
OC. 'H NMR (CCl,; 6, ppm): 0.46 (8, 3 H, CH& 7-8 (m, 10 HI 
Ph). NMR (CDCl,; 6, ppm): -1.83 (BCH,), 83.77 (Si-), 
91.43 ( S i O ,  135.09,134.34,130.59,128.63, (Ph). %i (CDCl,; 
6, ppm): -24.42. IR (CCl,; cm-'): u(CH) 3071,2965, u ( M )  2070, 
2047; 6(Sih)  1429,1115; 6(SiMe) 1250. Mass spectrum ( I E  m/e 
(relative intensity)): 442 (M+ 331, 427 (M+ - Me, 32), 197 
(SiPhzMe+, 100). Anal. Calcd for CazeS iZ :  C, 81.45; HI 5.88. 
Found C, 81.20; H, 6.14. 

1,4-Bis(triphenylsilyl)-l~-butadiyne. The same procedure 
as for 1,4bis(triethylsilyl)-1,3-butadiyne was used, with 0.01 mol 
of the dilithio reagent and 0.02 mol (5.89 g) of biphenylchlomilane 
dissolved in 10 mL of THF. Recrystallization from carbon tet- 
rachloride gave 4.83 g (85% yield) of the title compound as a white 
solid. Mp: 304 OC. 'H NMR (CCl,; 6, ppm): 7-8 (m, Ph). IR 
(CCt; cm-'1: v(CH) 3068,3008; u ( M )  2070,2047; 6(SiPh) 1482, 
1429,1111. Maw spectrum (IE, m/e): 566 (M+), 488 (M+ - Ph), 
259 (SiPh,+). AnaL Calcd for C&I&3i2: C, 84.80; H, 5.30. Found 
C, 84.30; H, 4.99. 
1,4-Bis(dimethylsilyl)-l,3-butadiyne. A slurry of 1,4-di- 

lithio-lI3-butadiyne (0.05 mol) in THF was added slowly via a 
cannula to a solution of chlorodimethylsihe (0.015 mol, 16.6 mL) 
in THF (40 mL) cooled to 0 "C. The mixture was stirred at room 
temperature for 2 h, hydrolyzed using a saturated solution of 
NH4C1, and extracted several times with pentane. The organic 
phase was dried over MgSO, and concentrated under vacuum. 
Distillation gave the title compound 7.0 g, 84% yield. Bp,,: 80 
OC. 'H NMR (CCL; 6, ppm): 0.26 (d, J = 7 Hz, 6 H, CH,), 4.1 
(hept, J = 7 Hz, 1 H, SiH). %Si NMR (CDCl,; 6, ppm): -35.99 
(d of hept, J1 = 206 Hz, J2 = 7.5 Hz). IR (CCl,; cm-l): u(CH) 
2965; v(SiH) 2159; v ( W )  2073,2050, 6(SiMe) 1407,1250. Anal. 
Calcd for C8Hl4Siz: C, 57.83; H, 8.43. Found: C, 58.08; H, 8.45. 

1,4-Bie(diphenylsilyl)-1,3-butadiyne. The same procedure 
as for 1,4bis(dimethylsilyl)-l,3-butadiyne was used, with 0.05 mol 
of the dilithio reagent and 0.015 mol (28.4 mL) of chlorodi- 
phenylsilane in 40 mL of THF. Recrystallization from hexane 
gave 18.84 g (91% yield) of the title compound. Mp: 76-77 "C. 
'H NMR (CCl,; 6, ppm): 5.14 (8, 1 H, SiH), 7-8 (m, 10 H, Ph). 
'% NMR (CDCl,; 6, ppm): 81.22 ( S i W ) ,  92.36 (Si'Fc), 135.78, 
134.85,131.09,128.86 (phenyl group). %i NMR (CDC1,; 6, ppm): 
-39.64 (d, J = 218 Hz). IR (CCl,; an-'): u(CH) 3045; v(SiH) 2143; 
v(CW) 2065,2047; 6(SiPh) 1424,1109. Mass spectrum (EI, m/e 
(relative intensity)): 413 (M+ - 1,100). Anal. Calcd for C&.&3i2: 
C, 81.16; H, 5.31. Found C, 80.81; H, 5.80. 
1,4Bis(trimethoxysilyl)-l,3-butadiyne. The same procedure 

as for 1,4bis(triethylsilyl)-1,3-butadiyne was used, with 0.015 mol 
of the dilithio reagent and 0.035 mol (5.5 mL) of chlorotrimeth- 
oxysilane. The mixture was stirred for 6 h at  room temperature 
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Poly[(silylene)diacetylenesl and - [(germylene)diacetylenes] 

and concentrated under vacuum. The reaidue was extracted with 
50 mL of hexane to remove the salta and the extract distilled to 
give 2.34 g (45% yield) of the title compound. Bp0.8: 83 OC. 'H 
NMR (CCl,; 6, ppm): 3.47 (e, CH,). 13C NMR (CDCl,; 6, ppm): 
51.28 (OCHJ, 76.59 (Si-), 86.87 (Si-. %i NMR (CDCl,; 
6,ppm): -72.33. IR (CC4;cm-'1: v(CH) 2937,2838; v ( W )  2080, 
2060; 6(SiOCH3) 1090, 1184. Anal. Calcd for Cl&IlsOpSi2: C, 
41.37; H, 6.21; Si, 19.31. Found C, 41.14; H, 6.19; Si, 19.83. 

1,4-Bis (triet hoxysily1)- 1 ,%butadiyne. The same procedure 
as for 1,4bis(trimethoxysilyl)-l,3-butadiyne was used, with 0.015 
mol of the dilithio reagent and 0.035 mol (7 g) of chlorotrieth- 
oxysilane. Distillation gave 3.2 g (57% yield) of the title com- 
pound. Bp,.,: 112 OC. 'H NMR (CCl,; 6, ppm): 1.17 (t, J = 

6, ppm): 18.29 (CH,), 59.64 (OCH2), 77.79 (Si-), 86.47 (Si- 
C=C). %i (CDCl,; b, ppm): -75.88. IR (CCh; cm-'): v(CH) 2977, 
2927, 2894; v ( C 4 )  2080, 2060; S(Si0Et) 1168, 1103, 1080. 
1,4-Bis(tri~~~ermyl)-l~butadi~e. The same procedure 

as for 1,4-bis(triethylsilyl)-l,bbutadiyne was used, with 0.0072 
mol of the dilithio reagent and 0.019 mol (4 mL) of bromotri- 
ethylgermane. The mixture was stirred at room temperature for 
6 h and hydrolyzed with a saturated solution of NH4CL -action 
with pentane followed by drying over MgSO, and distillation with 
a Kugelrohr apparatus gave 2 g (76% yield) of the title compound. 
BpoOl: 55 "C. 'H NMR (CC4; 6, ppm): 0.5-1.8 (m, Et). 'W (CC4; 
(CDCl,; 6, ppm): 6.8 and 9.28 (Et), 83.26 (GeC=C), 89.38 (Ge- m. IR (CC4; cm-l): v(CH) 2961,2930,2910,2873,2830,2736; 

(pentane; nm): 231,244,256,270. Mass spectrum (EI, m/e):  
368 (Mc), 339 (M+ - Et). Anal. Calcd for C16H&e2: C, 52.27; 
H, 8.22; Ge, 39.5. Found C, 61.45; H, 8.22; Ge, 42.3. 
1,4-Bir(dimethylphenylgermyl)-l,3-butadiyne. The same 

procedure as for 1,4-bis(triethylgermyl)-1,3-butadiyne was used, 
with 0.005 mol of the dilithio reagent and 0.01 mol of bromodi- 
methylphenylgermane. Kugehhr distillation (bkol  136 OC) gave 
2.4 g (60% yield) of the title compound. Mp: 47-48 OC. 'H NMR 
(CCl,; 6, ppm): 0.4 (s,6 H, CHS), 7-7.5 (m, 5 H, Ph). lac NMR 
(CDCl,; 6, ppm): -0.85 (GeMe), 84.4 (Ge-C), 89.0 (GeC=C), 
128.7, 129.6, 133.4, 137.9 (GePh). IR (CCl,; cm-'1: 4CH) 3072, 

6(GePh) 1095. Mass spectrum (EI; m / e ) :  408 (M+), 393 (M+ - 
Me), 181 (GeMe2Ph+). Anal. Calcd for Caz2Ge2 :  C, 58.9; H, 
5.43; Ge, 35.62. Found C, 59.2; H, 5.24; Ge, 35.52. 

1,4-Bis(methyldiphenylgermyl)-1,3-butadiyne. The same 
procedure as for 1,4-bis(triethylgermyl)-1,3-butadiyne was used, 
with 0.01 mol of the dilithio reagent and 0.021 mol of bromo- 
methyldiphenylgermane. The crude compound was crystallized 
from dichloromethane-pentane (5050) to give 4.25 g (80% yield) 
of the title compound. Mp: 135-136 OC. 'H NMR (CCh; 6, ppm): 
0.65 (8, 3 H, CH,), 7.1-7.6 (m, 10 H, Ph). 13C NMR (CDCl,; 6, 
ppm): -1.96 (GeCHJ, 82.6 (Ge-), 90.24 (GeCZC), 128.8, 
129.9, 134.1, 136.2 (GePh). IR (CC14; cm-'): v(CH) 3072,3055, 
3001,2915; v ( W )  2067; 6(Ph) 1485,1432; 6(Me) 1243; 6(GePh) 
1094. Mass spectrum (EI; m/e): 532 (M+), 516 (M+ - Me). Anal. 
Calcd for C&&e$ C, 67.76; H, 4.93. Found: C, 67.49; H, 4.88. 
1,4-Bir(triphenylstannyl)-l,3-butadiyne. A solution of 

triphenyltin chloride (4.2 g, 0.012 mol) in THF (30 mL) was added 
to a slurry of the dilithio reagent (0.0058 mol) in the same solvent 
and the mixture stirred at room temperature for 5 h, during which 
time the product precipitated. After hydrolysis with a saturated 
solution of NH,Cl and extraction with large amounts of chloroform 
to dissolve the title compound, the organic phase was dried over 
MgSO, and concentrated under vacuum. Recrystallization from 
chloroform-ther (5050) gave white cryatala of the title compound 
3.4 g, 78% yield. Mp: 190 OC dec. 'H NMR (c&; 6, ppm): 
6.4-7.8 (m, Ph). '% NMR (CDCI,; 6, ppm): 82.79 (SnCkC), 94.58 
(SnCSC), 128.8, 129.3, 129.7, 130.01, 136.4, 136.8, 137.1, 137.5 
(Ph). %n (CDCl,; 6, ppm): -151.26. IR (CCl,, cm-9: v(CH) 
3070,3053,3020; v ( M )  2050; 6(Ph) 1481,1430; 6(SnPh) 1076. 
Mass spectrum (EI; m/e): 748 (M+), 671 (M+ - Ph), 351 (Ph,Sn+). 
Anal. Calcd for C,&$3n2: C, 64.22; H, 4.04; Sn, 31.73. Found: 
C, 64.01; H, 4.09; Sn, 30.47. 
l-(Trimethylsilyl)-4-(dimethylphenylgermy1)-1,3-buta- 

diyne. A solution of bromodimethylphenylgermane (2.6 g, 0.010 
mol) in Et20 (10 mL) was added to a solution of l-lithio-4-(tri- 
methyl~ilyl)-l,3-butadiyne'~ (0.010 mol) and the mixture stirred 

7 Hz, 9 H, CHJ, 3.83 (9, J = 7 Hz, 6 H, CH2). 'W NMR (CDC1,; 

v ( C W )  2059; b(CHzCH3) 1458, 1427, 1379, 1228, 1023. UV 

3050, 2985, 2913; v(C*) 2066; 6(Ph) 1485,1432; S(CH3) 1241; 
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at mom temperature for 3 h. The reaction mixture was hydrolyzed 
with a saturated solution of NH4Cl and extracted several times 
with pentane and the organic phase dried over MgSO1. Evapo- 
ration of the volatile8 under vacuum followed by Kugelrohr 
distillation gave the title compound 1.95 g, 65% yield. Bp,,,: 
110 OC. 'H NMR (CCl,; 6, ppm): 0.0 (s,9 H, SiMe), 0.5 (s, 6 H, 
GeMe), 7-7.5 (m, 5 H, GePh). lSC NMR (CDC1,; 6, ppm): -0.91, 
-0.05 (CH,), 85.2, 85.55 (GeCW)(SiC=C), 88.5, 88.9 (GeCE 
O(Si0,128.7,129.6,133.5 (Ph). %i (CDCI,; 6, ppm): -16.04. 
IR (CCL; cm-'): v(CH) 3072,3055,2963,2912; v ( W )  2067; 6(Ph) 
1485, 1432; 6(Me) 14.11; 6(SiMe) 1252; v(GePh) 1095. Mass 
spectrum (EI; m/e): 302 (M+), 287 (M+ - Me). Anal. Calcd for 
C1&J3iGe: C, 59.85; H, 6.69; Ge, 24.12; Si, 9.33. Found: C, 60.00; 
H, 6.63; Si, 9.36; Ge, 24.33. 
l-(Trimethylsilyl)-4-(triethylgermyl)-l,3-butadiyne. The 

same procedure as for l-(trimethylsilyl)-4-(dimethylphenyl- 
germyl)-l,3-butadiyne was used, with bromotriethylgermane (0.01 
mol, 2 mL) and l-lithie4(trimethylsilyl)-1,3-butadiyne (0.01 mol) 
in EhO. Kugelrohr distillation gave 1.5 g (55% yield) of the title 
compound. Bp.5: 60 OC. 'H NMR (CCl,; 6, ppm): 0.0 (8.9 H, 
SEH,), 0.5-1.1 (m, 15 H, GeEt). '3c NMFt (CDCl,; 6, ppm): -0.01 
(SiMe), 6.06 and 9.28 (GeEt), 83.6,86.0 ( G e M ) ( S i W ) ,  88.72, 
89.08 (GeC=C)(SiC=C). %i NMR (CDCl,; 6, ppm): -16.38. 
IR (CCl,; cm-'): v(CH) 2059, 2932, 2907, 2874; v(C=C) 2064; 
6(GeEt) 1458, 1426,1380,1023; 6(SiMe) 1252. Mass spectrum 
(EI; m/e): 282 (M+), 267 (M+ - CH,), 253 (M+ - Et), 225 (M+ 
- 2Et). Anal. Calcd for C13HaSiGe: C, 55.59; H, 8.55; Ge, 25.87; 
Si, 9.97. Found C, 55.82; H, 8.34; Ge, 25.04; Si, 9.84. 

l-(Trimethylsilyl)-4-( triphenylstannyl)-l,3-butadiyne. 
The same procedure as for l-(trimethylsilyl)-4-(dimethyl- 
phenylgermyl)-1,3-butadiyne was used, with bromotriphenyl- 
stannane (4.3 g, 0.01 mol) in 30 mL of EhO and l-lithio-4-(tri- 
methylsilyl)-1,3-butadiyne (0.01 mol) in Ego.  White crystals of 
the title compound were obtained after recrystallization from 
diethyl ether-pentane (5050): 3.67 g, 78% yield. Mp: 102-103 
OC. 'H NMR (CCl,; 6, ppm): 0.0 (8 ,  9 H, Me), 7-7.6 (m, 15 H, 
Ph). 13C (CDCl,; 6, ppm): -0.02 (SiMe), 84.56 ( S i c 4  and 
S n M ) ,  88.7 (SiC=C), 94.37 ( S n W ) ,  128.6,129.3,129.7,130.1, 
136.3, 136.7, 137.1, 137.4 (SnPh). %i NMR (CDCl,; 6, ppm): 
-15.9. IR (CCh; cm-'1: v(CH) 3068, 3055, 2962, 2912; v ( C 4 )  
2057; 6(Ph) 1482, 1430; 6(SiMe) 1252; v(SnPh) 1076. Mass 
spectrum (EI; m/e): 473 (M'), 458 (M+ - CHJ. Anal. Calcd 
for CzHaSiSn: C, 63.71; H, 5.13; Si, 5.96; Sn, 25.19. Found: C, 
63.8; H, 5.08; Si, 5.69; Sn, 24.48. 

Synthesis of the Poly[ (silylene)diacetylene] Derivatives. 
1,4-Dilithio-l,J-butadiyne. This procedure is an extension of 
the desilylation reaction performed by Walton et al. to obtain 
1 -1ithio-4- (trimethylsilyl) - 1,3- butadiyne. l5 

A solution of MeLi-LiBr in diethyl ether (0.02 mol) was added 
dropwise to a solution of 1,4bis(trimethylsiiy1)-1,3-butadiyne (1.94 
g, 0.01 mol) in THF (60 mL). The dilithio derivative precipitated, 
and the reaction mixture was stirred at  room temperature for 3 
h. This slurry was used without other treatment. 
1,4-Bis(bromomagnesio)-1,3-butadiyne. The prepared 

MgBrP (10 g, excess) was added portionwise to a slurry of 1,4- 
dilithio-l,3-butadiyne in THF (60 mL), and the reaction mixture 
was stirred at  room temperature for 3 h. This slurry was used 
as prepared. 
General Procedure. The dichloroeilane (0.012 mol) was added 

neat over 1 h, using an automatic syringe, to a slurry of 1,4-di- 
lithio-1,3-butadiyne (0.01 mol) in THF (70 mL), and the mixture 
was stirred for 12 h. A 0.5mL portion of methanol was then added 
to substitute the S i 4 1  terminations, and the reaction mixture 
was stirred for 2 h. After hydrolysis using a cold saturated solution 
of NH4Cl, the mixture was extracted several times with pentane. 
The organic phase was then dried over MgSO, and the solvent 
removed under vacuum to give a powder in quantitative yield. 
Poly[ (dimethylsilylene)diacetylene] (1). A cream-colored 

solid (1.05 g, quantitative yield) was obtained. See Tables I1 and 
I11 for physical properties. Anal. Calcd for (C6HeSi),: C, 66.03; 
H, 5.66; Si, 26.41. Found C, 61.31; H, 5.91; Si, 22.90; 0, 2.47. 
Poly[ (diethylsilylene)diacetylene] (2). The general pro- 

cedure was used to give 1.34 g (quantitative yield) of a beige 
powder of 2. See Tables I1 and I11 for physical properties. Anal. 
Calcd for (C8Hl&3i),: C, 71.64; H, 7.46; Si, 20.89. Found C, 67.01; 
H, 9.46; Si, 19.20; 0, 0.83. 
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Poly[(tetramethyldisilylene)diacetylene] (3). The general 
procedure was used with 1,4-bis(bromomagnesio)-l,3-butadiyne 
and gave 1.64 g (quantitative yield) of a beige powder of 3. See 
Tables I1 and I11 for physical properties. UV ( T H F  A-, nm): 
236,257,274,291. Anal. Calcd for (C&Siz),: C, 58.53; H, 7.32; 
Si, 34.14. Found: C, 55.88; H, 8.17; Si, 20.60; 0, 1.76. 
Poly[ (methylphenyloilylene)diacetylene] (4). The general 

procedure was used and gave 1.6 g (95% yield) of a beige powder. 
See Tables I1 and I11 for physical properties. Anal. Calcd for 
(C11H8Si),,: C, 78.57; H, 4.76; Si, 16.20. Found C, 77.76; H, 5.01; 
Si, 15.80; 0, 0.76. 
Poly[ (diphenylsilylene)diacetylene] (5). The general 

procedure was used and gave 2.23 g (97% yield) of the title 
compound as a cream-colored powder. See Tables I1 and 111 for 
physical properties. Anal. Calcd for (C18Hl,,Si),,: C, 84.47; H, 
4.34; Si, 12.17. Found C, 80.17; H, 4.32; Si, 12.20; 0, 1.54. 
Poly[ (p-tolylmethylsilylene)~cetylene] (6). The general 

procedure was used and gave 1.6 g (87% yield) of the title com- 
pound as a beige powder. See Tables I1 and I11 for physical 
properties. Anal. Calcd for (C12Hl&i),,: C, 79.12; H, 5.49; Si, 
15.38. Found: C, 74.78; H, 5.50; Si, 13.98. 
Poly[ (p-anisylmethylsilylene)diacetylene] (7). The general 

procedure was used and gave 1.8 g (91% yield) of the title com- 
pound as a beige powder. The methanolysis was performed at  
-40 OC. See Tables II and III for physical Properties. Anal, Calcd 
for (C12H100Si),,: C, 72.72; H, 5.05; Si, 14.14; 0,8.00. Found C, 
71.59; H, 5.38; Si, 14.50; 0, 9.76. 
Poly[ (methylvinyl~ilylene)diacetylene] (8). The general 

procedure was used with 1,4bis(bromomagnesio)-1,3-butadiyne 
and gave a brown sticky solid after washing with methanol. A 
0.91-g amount (77% yield) of the title compound was obtained. 
See Tables I1 and I11 for physical properties. 
Poly[ (( 1,4-diphenylbutadiene-1,4-diyl)silylene)di- 

acetylene] (9). The general procedure was used with 0.0037 mol 
of the dilithio reagent in THF and 0.0037 mol of l-chloro-2,5- 
diphenylsilacyclopentadiene dissolved in 10 mL of THF. The 
reaction mixture was treated first with 0.5 mL of trimethyl- 
chlorosilane to quench the acetylide terminations and then with 
methanoL The title compound was obtained as an orange powder: 
1.02 g, 98% yield. See Tables I1 and 111 for physical properties. 
Anal. Calcd for ( C a l a i ) , :  C, 85.74; H, 4.82; Si, 10.00. Found 
C, 81.92; H, 4.87; Si, 9.30; 0, 0.27. 
Poly[ (phenylsilylene)diacetylene] (10). The general pro- 

cedure was used with 1,4bis(bromomagnesio)-l,3-butadiyne and 
gave 1.34 g (87% yield) of the title compound as a powder. 
Treatment with methanol to substitute the S i x 1  terminations 
was performed at -30 O C .  See Tables I1 and I11 for physical 
properties. A d  Calcd for (Cl&$i),,: C, 77.92; H, 3.89; Si, 18.18. 
Found: C, 74.85; H, 3.98; Si, 18.60; 0, 2.05. 
Poly[(bis(trimethylsilyl)silylene)diacetylene] (11). The 

general procedure was used and gave 1.85 g (85% yield) of the 
title compound as an orange powder. See Tables I1 and I11 for 
physical properties. Anal. Calcd for (ClJI18Si3),,: C, 54.05; H, 
8.11; Si, 37.84. Found C, 52.87; H, 8.19; Si, 35.00, 0, 4.10. 
Poly[ (diphenylgermylene)dtylene](l2). The following 

procedure is given as an example for the synthesis of the poly- 
[ (germy1ene)diacetylenesl. 

Dibromodiphenylgermane (0.012 mol, 2.6 mL) was added neat, 
via a syringe, to a slurry of the dilithio reagent (0.01 mol) in THF 
(50 mL), the medium being maintained at room temperature. The 
reaction mixture turned yellow and became limpid; it was stirred 
for 12 h. A solution of MeMgBr (0.003 mol) was added to sub- 
stitute the GeBr  bonds of the ends of the chains, and the mixture 
was stirred for 1 h The medium was hydrolyzed using a saturated 
solution of NhC1 and extracted with CH2C12. The organic phase 
was dried over MgSO, and concentrated under vacuum. Addition 
of pentane gave a beige powder of the title compound 2.4 g, 87% 
yield. See Tables I1 and IV for physical properties. UV ( T H F  
k-, nm): 244 260,273. Anal. Calcd for (C16HloGe),: C, 69.91; 
H, 3.64; Ge, 26.43. Found: C, 68.2; H, 3.7; Ge, 27.6; 0, 0.7. 
Poly[(methylpheny~rmylene)diaoetylene] (13). The same 

procedure as for 12 was used, with 0.012 mol (3.9 g) of methyl- 
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phenyldibromogermane and 0.01 mol of the dilithio reagent. After 
hydrolysis, the medium was extracted twice with EhO (instead 
of CH2ClJ and after standard workup gave an oil which was dried 
under vacuum to give a beige powder of the title compound 1.65 
g, 79% yield. See Tables I1 and IV for physical properties. UV 
(THF; A,-, nm): 244,260,274. Anal. Calcd for (C11H8Ge),: C, 
62.08; H, 3.76; Ge, 34.15. Found C, 60.88; H, 3.97; Ge, 31.15; 
0, 0.7. 
Poly[ (ethylphenylgermylene)~tylsne](l4). The same 

procedure as for 12 was used, with 0.012 mol (3.49 g) of ethyl- 
phenyldibromogermane and 0.01 mol of the dilithio reagent. After 
hydrolysis, the medium was extracted twice with Et+O (instead 
of CH2Clz). A beiie powder (1.65 g) was obtained in 65% yield. 
See Tables I1 and IV for physical properties. UV ( T H F  A,-, 
nm): 244,257,274. Anal. Calcd for (C12HloGe),,: C, 63.5; H, 4.4; 
Ge, 34.15. Found C, 61.37; H, 4.59; Ge, 32.3; 0, 1.9. 
Poly[ (diethylgennylene)diylene](l5). The same pro- 

cedure as for 12 was used, with 0.012 mol (1.85 mL) of diethyl- 
dibromogermane and 0.01 mol of the dilithio reagent. A white 
powder of the title compound was obtained: 0.9 g, 50% yield. 
See Tables I1 and IV for physical properties. UV (THF; A-, 
nm): 243, 256, 273. Anal. Calcd for (C8HloGe),: C, 53.75; H, 
5.6; Ge, 40.65. Found C, 50.44; H, 6.38; Ge, 40.7; 0, 0.12. 
Conductivity Measurements.23 A solution of FeC13 (0.1 M) 

in CH2C12 was added to a solution of the polymer dissolved in 
CH2C12 in order to have a [FeCls] / [polymer] ratio between 0.3 
and 0.5, which corresponds to one doping anion per two or three 
acetylene units. The doped polymer has been cast into a thin 
film on a glass substrate by slow evaporation of the solvent. The 
thickness of the f i i  (typically 20-200 pm) was determined using 
a Sylvac Model 25 instrument. The conductivity was measured 
using the four-probe method with gold electrodes.21 See Table 
V for conductivity values. 
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128599-11-1; 7 (copolymer), 128359-12-6; 7 (SRU), 128599-13-3; 
8 (copolymer), 128359-09-1; 8 (SRU), 128599-10-0; 9 (copolymer), 
140391-13-5; 9 (SRU), 140409-96-7; 10 (copolymer), 140391-146; 
10 (SRU), 140391-20-4; 11 (copolymer), 140409-956; 11 (SRU), 
140409-97-8; 12 (copolymer), 140391-15-7; 12 (SRU), 31693-72-8; 
13 (copolymer), 140391-16-8; 13 (SRU), 140391-21-5; 14 (co- 
polymer), 140391-17-9; 14 (SRU), 140391-22-6; 15 (copolymer), 
140391-18-0; 15 (SRU), 140391-23-7; HMe2Si(C=C)aiMe2H, 
31098-30-3; PhMe2Si(C=Q2SiMe2Ph, 140391-04-4; Ph2MeSi- 
(W)$3iMe2Ph, 140391-055; Ph3Si(W)@Ph3,  140391-06-6; 
HPh&3Si(C=C)$3iPh2H, 140391-07-7; (MeO)3Si(C=C)$3i(OMe)3, 
140391-088; (EtO)3Si(C4)2Si(OEt)3, 140391-09-9; E&Ge(C= 
C),GeEh, 96326-00-0; P ~ I M ~ ~ G ~ ( C = C ) ~ G ~ M ~ ~ P ~ ,  140391-10-2; 
MePh2Ge(M)2GePh2Me, 140391-11-3; Ph3Sn(CW)~SnPh3, 
1262-93-7; Li(CW2)2Li, 65864-08-6; C1Me2SiPh, 768-33-2; 
ClPh2SiMe, 144-79-6; ClPh3Si, 76-86-8; ClMeaiH, 1066-35-9; 
ClPhaiH, 1631-83-0; C1(MeO)3Si, 4668-00-2; Cl(EtO),Si, 4667- 
99-6; BrE&Ge, 1067-10-3; B r w h G e ,  134695-21-9; BrMePh2Ge, 
27663-93-0; Ph3SnC1, 639-58-7; Li(C=Q2TMS, 73084-25-0; 
BrPh3Sn, 962-89-0; Feel3, 7705-08-0. 
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