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A b s t r a c t  

1,1,12,12-Tetramethyl[1.1]silaferrocenophane (1) and poly(ferrocenylsilane) (2) were formed as the major products in the 
reaction of FeCI z with the dilithium salt of (CsHs)2SiMe 2, and the X-ray crystallography for 1 revealed its molecular structure 
of an anti conformation. 
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Continuous effort has been devoted to the develop- 
ment  of new synthetic routes to macromolecules which 
contain inorganic elements or organometallic units [1- 
3]. For examples, ferrocenophanes and polymers con- 
taining ferrocene units are interesting research subjects 
with respect to their potentially useful properties [4]. 
As a kind of silicon-bridged organometallic polymer 
poly(ferrocenylsilane) has been prepared  by using 
monomeric  ferrocene derivatives as starting materials, 
such as [1]silaferrocenophanes in a thermal ring-open- 
ing polymerization or an anionic ring-opening oligo- 
merization [5-9], and 1,1'-dilithioferrocene in a poly- 
condensation reaction with dialkyldichlorosilanes [10]. 

In this paper,  we report  the formation of 1,1,12,12- 
tetramethyl[1.1]silaferrocenophane (1), which is the first 
example of a silicon-bridged [1.1]ferrocenophane, as 
well as the poly(ferrocenylsilane) 2 in the reaction of 
ferrous chloride with the dilithium salt of dicyclopenta- 
dienyldimethylsilane (Scheme 1). The molecular struc- 
ture of 1 was characterized by various spectroscopic 
methods as well as X-ray crystallography. The spectral 
and physical propert ies  of the polymer 2 were exam- 
ined in comparison with the known high molecular 
weight poly(ferrocenylsilane) [5,7]. 
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An isomeric mixture of dicyclopentadienyldimethyl- 
silanes (3) was accessible from the reaction of 
dichlorodimethylsilane with 2 equiv, of cyclopentadi- 
enyllithium [11,12]. The dilithium salt of 3 was reacted 
with ferrous chloride (1.5 equiv.) in T H F  at 70°C for 12 
h to give a mixture (combined yield: 73%) which con- 
tained 1 and 2 as the major products in about 1:2 
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Scheme 1. Reagents and conditions: (i) nBuLi, THF, -78°C, 2 h; (ii) 
MeaSiCI2, THF, -78 to 25°C, 4 h; (iii) nBuLi (2 equiv.), THF, 
- 78°C, 2 h; (iv) FeCI 2, THF, reflux, 18 h. 
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ratio. The combined yield of the products 1 and 2 was 
reduced by using more or less than 1.5 equiv of FeC12. 
Precipitation from a concentrated THF  solution of the 
mixture into hexane gave relatively high molecular 
weight poly(ferrocenylsilanes) as a yellow powder in 
7.3% yield. Then the ferrocenophane 1 was isolated 
from the hexane-soluble portion as orange crystals (mp 
210-213°C) in 21.3% yield by column chromatography 
(hexane/e thyl  acetate 15 : 1) on silica gel. 

The spectral properties of 2 are almost identical to 
those reported previously [5,13]. Gel permeation chro- 
matography indicated that the solid poly(ferrocenylsi- 
lane) possessed the weight-average molecular weight 
(M w) of 4900 and the number-average molecular weight 
(M n) of 4100 relative to polystyrene standards for 
column calibration. Those of the polymer, which was 
obtained from the hexane soluble filtrate, are 2900 
( M  w) and 2200 (Mn), respectively. 

The ~H NMR spectrum of 1 (in C6D 6) showed two 
sets of multiplets for the cyclopentadienyl protons at 
4.31 and 4.25 ppm and a sharp singlet at 0.39 ppm for 
the methyl groups attached to the silicon in the ex- 
pected 4 : 4 : 6  ratio. The t3C NMR spectrum of 1 (in 
C6D 6) showed four resonances at 73.9, 71.5, 70.9, and 
2.1 ppm, of which the resonance at 71.5 ppm can be 
assigned to the cyclopentadienyl carbon attached to 
silicon. The 295i NMR spectrum of 1 (in C6D 6) showed 
a singlet at - 6 . 47  ppm. The UV/visible spectrum of 1 
(in THF)  contained the band in the visible region at 
464 nm (e = 390 M -1 cm -1) which showed the charac- 
teristic bathochromic shift and increased iv intensity 
relative to the long wave-length band of ferrocene at 
444 nm ( e =  100 M -1 cm- l ) .  The results from the 
elemental analysis and the mass spectroscopy for 1 
were consistent with the structure of 1,1,12,12-tetra- 
methyl[ 1.1 ]silaferrocenophane. 

The molecular structure of 1 was established by 
X-ray crystallography (Fig. 1) [14]. The molecule itself 
possesses a center of inversion and an anti conforma- 
tion. The inversion symmetry indicates that the two 
central axes through each of the ferrocenylene units 
are parallel. The interplanar angle between the two Cp 
rings of each ferrocenylene moiety is 4.7 °, and the two 
rings are nearly eclipsed with an average staggering 
angle of 13.6 ° . The i ron-carbon distances are in the 
range of 2.032-2.074(3) .K while the average distance 
(2.047 A,) is close to the value of 2.045 A found for 
ferrocene [15]. For the bridging S i -C bonds, the aver- 
age bond length and the bond angle are 1.860(3) ,~ and 
112.9(1) ° , respectively, which are the values between 

o 

those of 1,12-dimethyl[1.1]ferrocenophane (1.647 A and 
121.3 °) [16], and those of 1,1,12,12-tetra-n-butyl[1.1]- 
s tannaferrocenophane (2.136 A and 110.0 °) [17,18]. The 
Fe, Fe distance (5.163 /~) in 1 is also in between the 
values of the carbon analogue (4.816 A) and the tin 
analogue (5.50 ,K). 

c12  

si 

' Cll ~ c 3 '  
c7( c2' 

F ~  F e g ~ ~ ,  

Cll ~ C9' 

, ~ . . ~ 7 , ~ ;  -.z.- C7' 
c 3 -  c ,  

~ C12' 

Fig. 1. Molecular structure of 1. Fe-Fe', 5.163; Fe-C(5), 2.074(3); 
Fe-C(4), 2.040(3); Fe-C(3), 2.045(4); Fe-C(7), 2.035(3); Fe-C(6), 
2.032(3); Fe-C(10), 2.068(3); Si-C(10), 1.861(3); Si-C(ll), 1.858(3); 
Si-C(12), 1.863(3); C(5)-C(4), 1.445(4); C(4)-C(3), 1.413(5); C(3)- 
C(2), 1.413(5) ,~. C(5)-Fe-C(10), 120.1(1); C(3)-Fe-C(7), 104.3(1); 
C(5)-Si-C(10'), 112.9(1); C(5)-Si-C(ll'), 111.4(1); C(5)-Si-C(12'), 
106.6(1); Fe-C(5)-Si', 134.7(2); C(ll)-Si-C(12), 108.3(2); C(1)- 
C(5)-8i', 129.6(2); C(4)-C(5)-Si', 125.0(2). 

Cyclic voltammetry was performed with a stationary 
Pt electrode for a preliminary investigation of the 
electrochemistry of 1. The measurements were carried 
out on 1 mM solutions containing 0.1 M tetrabutylam- 
monium tetrafluoroborate as supporting electrolytes in 
CH2C12. Two reversible oxidation processes were ob- 
served at -0 .02  and 0.21 V (vs ferrocene). The peak- 
to-peak separation ( A E i / 2 )  implicates the considerable 
interaction between the two Fe sites and the value of 
0.23 V is higher than those of the carbon analogue and 
the tin analogue [17]. 

Acknowledgments 

We thank Dr. Hongdoo Kim for his help in obtain- 
ing cyclic voltammograms and the Research Institute 
of Industrial Science and Technology for the financial 
support. 

References and notes 

[1] J.E. Mark, H.R. Allcock and R. West, Inorganic Polymers, 
Prentice Hall, New York, 1992. 

[2] J.M. Zeigler and F.W.G. Fearon (eds.), Silicon-Based Polymer 
Science, American Chemical Society, Washington, DC, 1990 

[3] M. Zeldin, K. Wynne and J.R. Allcock (eds.), Inorganic and 
Organometallic Polymers, American Chemical Society, Washing- 
ton, DC, 1988. 



J. Park et al. /Journal of Organometallic Chemistry 489 (1995) 23-25 25 

[4] U.T. Mueller-Westerhoff, Angew. Chem., Int. Ed. Engl., 25 
(1986), 702 and references cited therein. 

[5] D.A. Foucher, B.-Z. Tang and I. Manners, J. Am. Chem. Soc., 
114 (1992) 6246. 

[6] B.-Z. Tang, R. Petersen, D.A. Foucher, A. Lough, N. Coombs, 
R. Sodhi and I. Manners, J. Chem. Soc., Chem. Commun., 
119931 523. 

[7] D.A. Foucher, R. Ziembinski, B.-Z. Tang, P.M. Macdonald, J. 
Massey, C. R. Jaeger, G.J. Vancso and I. Manners, Macro- 
molecules, 26 (1993) 2878. 

[8] W. Finckh, B.-Z. Tang, D.A. Foucher, D.B. Zamble, R. Ziem- 
binski, A. Lough and I. Manners, Organometallics, 12 (1993) 
823. 

[9] R. Rulkens, A.J. Lough and lan Manners, J. Am. Chem. Soc., 
116 (1994) 797. 

[10] H. Rosenberg, US Patent 3,426,053, 1969. 
[11] K.P. Reddy and J.L. Petersen, OrganometaUics, 8 (1989) 2107. 
[12] P. Jutzi and R. Dickbreder, Chem. Ber., 119 11986) 1750. 
[13] For polymer 2: UV/v i s  (THF) A t 444 nm (e 1 = 198 M -1 cm 1), 

A 2 2 4 6 n m ( e  I = 5 5 0 0 M  l c m - 1 ) ; I  H N M R ( C 6 D  6) 6 4 . 2 6 ( s , 4  
H, Cp), 4.10 (s, 4 H, Cp), 0.52 ppm (s, 6 H, CH3); 13C NMR 
(C6D 61 6 73.6 (Cp), 71.9 (Cp, C-Si),  71.7 (Cp), -0 .52  ppm 
(SiMe~) 

[14] Crystal data for 1: C24H2sFezSi 2, M r = 484.36, orange, 0.5 x 0.4 
×0.2 mm 3, monoclinic, P 2 1 / n ,  a = 8.7571(14), b = 12.1469(101, 
c = 10.329(3) ,~, /3 = 90.631(9) °, V = 1098.7(4) ]k 3, Z = 2, D,. = 
1.464 g cm 3, /z=14.35 cm 1, T = 2 9 5  K; 21138 unique reflec- 
tions measured; 1560 reflections ovserved (I  > 3o-(1)); R(F)=  
0.028, Rw(F) = 0.029, G.O.F. = 0.40. The crystals were sealed in 
capillaries before the intensity data were collected with an 
Enraf-Nonius CAD4 diffractometer using monochromated Mo 
K a  radiation (A(Ka) = 0.71073 A). The structures were solved 
by Patterson and difference Fourier methods and refined by 
full-matrix least-squares method. Non-hydrogen atoms were re- 
fined anisotropically. Hydrogen atoms were refined isotropically 
with isotropic thermal parameters of 1.2 times that of attached 
atoms. 

[15] P. Seiler and J.D. Dunitz, Acta Crystallogr., Sect B, 35 (1979) 
1068. 

[16] J.S. McKechnie, C.A. Maier, B. Bersted and I,C. Paul, J. Chem. 
Soc., Perkin Trans. II, (1973) 138. 

[17] T.-Y. Dong, M.-Y. Hwang and Y.-S. Wen, J. Organomet. Chem., 
391 (1990) 377. 

[18] A Clearfield, C.J. Simmons, H.P. Withers, Jr. and D. Seyferth. 
Inorg. Chim. Acta, 75 (1983) 139. 


