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Abstract 

Reaction of potassium fluoride with ( ~4-1,1-difhtoro-2,5-diphenylsilacyclopen- 
tadiene)tricarbonyliron (1) gave the transition metal complex 2 incorporating a 
pentacoordinated anionic silicate. The crystal structure analysis and the variable 19F 
NMR of complex 2, 1%crown-6 potassium [ q4-(1,4-diphenylbutadienylene)tri- 
carbonyliron]trifluorosilicate, are reported and its dynamic behaviour discussed. 

Recently, Damrauer et al. described an easy method of preparing acyclic fluoro- 
silicates, [R,SiF,_,]- as their l&crown-6 potassium salts [l]. We have extended this 
method to a reaction of difluorosilane within a transition metal complex, viz. 
(l,l-difluoro-2,5-diphenylsilacyclopentadiene)t~c~bony~on (1) [2]. Treatment of 1 
with one equivalent of a l/l mixture of KF and 18-crown-6 in toluene at room 
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Scheme 1. Synthesis of the 18-crown-6 potassium [ ~4-(1,4-diphenyIbutadienylene)tricarbonyliron]trifluo- 
rosilicate (2). 

* Reference number with asterisk indicates a note in the list of references. 
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Table 1 

Selected bond lengths (A) and bond angles (“) for 18-crown-6 potassium [~4-(1,4-diphenylbutadienyl- 
ene)tricarbonyliron]trifluorosilicate (2) 

Si-F(1) 1.633(8) Si-C(4) 1.968(13) 
Si-F(2) 1.668(8) Si-C(7) 1.894(12) 
Si-F(3) 1.621(8) 

C(4)-Si-F(2) 175.2(5) C(4)-Si-F(1) 92.5(5) 
F(l)-Si-F(3) 108.8(4) C(4)-Si-F(3) 94.5(5) 
F(l)-Si-C(7) 125.0(5) F(2)-Si-F(1) 89.0(4) 
F(3)-Si-C(7) 126.3(5) F(2)-Si-F(3) 89.4(4) 
C(4)-Si-C(7) 82.4(5) F(2)-Si-C(7) 93.1(5) 

temperature gave a good yield (72%) of the 18-crown-6 potassium [q4-(1,4-diphenyl- 
butadienylene)tricarbonyliron]trifluorosilicate (2) [ 3 * ] (Scheme l).. 

The ‘H NMR spectrum of 2 is dominated by a 24proton singlet from the crown 
moiety; in addition, there is a characteristic splitting of the aromatic protons signals 
upon pentacoordination, as observed previously by Damrauer et al. [l]. In deutero- 
acetone solution, at 30” C, the 19F NMR spectrum of 2 shows a sharp singlet at 
-114 ppm [3*] relative to CFCl,, indicating fast permutational isomerization of 
the fluorine atoms and the singlet persists down to - 105 O C. Thus, 2 undergoes 
intramolecular exchange over a large range of temperature (30 to - lOS”C), 
indicative of a low activation barrier; applying the Eyring equation, we conclude 
that the activation barrier is less than 6 kcal mol-‘. In sharp contrast, acyclic 
trifluorodiphenyl- and trifluoromethylphenyl-silicates were found to give two differ- 
ent fluorine signals at low temperatures in the ratio FJF, = 2/l (AG = 11.7 and 9.9 
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Fig. 1. ORTEP view of 18-crown-6 potassium [1,4-diphenylbutadienylene)tricarbonyliron]trifluorosilicate 

(2). 
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Berry pseudo-rotation 181 : 

Turnstile rotation 191 : 

Scheme 2. Berry pseudokotation and turnstile processes. 

kcal mol-‘, respectively); these were ascribed to equatorial and axial environments 
in a typical trigonal bipyramidal structure [l]. 

The crystal structure of 2 shows that the environment of the silicon atom is 
essentially trigonal bipyramidal [5 * 1, with the five-membered ring occupying 
axial-equatorial positions, as expected. Bond lengths and angles about silicon are 
listed in Table 1, and Fig. 1 shows an ORTEP view of the molecule. 

The molecular geometry is very close to those of acyclic R,SiF3 -; the bond 
lengths show no special features (Table 1) and most of the angles are consistent with 
the literature data [3*,4]. Slight interactions between the potassium cation and the 
fluorine atoms F(1) and F(2) (K + - - F distances 2.762(7) and 2.638(7) A) results in 
some lengthening of the corresponding Si-F bonds and inequivalence of the two 
equatorial bonds Si-F(1) and Si-F(3); this interaction seems stronger than with the 
fxygen atoms of the crown-ether (bonding distances range from 2.81(l) to 2.93(l) 
A). 

A more detailed analysis of the structure of 2 reveals two interesting features: 
(1) of the equatorial-axial angles, the C(4)-Si-c(7) angle of the silole (82.4(5)“) 

is slightly smaller than that in related complexes ( - 90 O ) [7], indicating special 
steric requirements of the five membered ring structures. 

(2) of the equatorial angles, the F(l)-Si-F(3) angle deviates markedly from the 
ideal value of 120 O and is lowered to 108.8(4) O. 

The intramolecular ligand exchanges observed with pentacoordinated species can 
be described mechanistically in terms of either Berry pseudorotation or a turnstile 
process (Scheme 2). 

Examination of the molecular structure of 2 reveals that a permutational isomeri- 
zation of 2, by Berry pseudorotation must traverse a high energy barrier because of 
the severe steric constraints imposed on the trigonal bipyramidal geometry by the 
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silole ring structure (C(4)-Si-C(7) 82.4” ). In contrast, the structure of 2 places it 
close to a turnstile barrier configuration. The latter needs a bending of two 
equatorial bonds towards each other in the equatorial plane until the original 120 O 
angle between them has become about 90°; the F(l)-%-F(3) angle (108.8(4)” ) 
reflects such a motion. Hence, relative internal rotations of the pair (C(4) and C(7)) 
relative to the trio (F(l), F(2) and F(3)) seem likely to account for the observed 
fluorine equivalence in 2. Similar studies of the analogous trimethoxysilicate are 
now in progress. 
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