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Summary 

The variation with temperature of the 19F and ‘H NMR spectra of penta- 
coordinate fluorosilanes which contain an intramolecular Si-N coordination 
has been examined, A clear distinction between pseudorotation and ring 
opening-closing processes has been obtained for the first time and the corre- 
sponding activation energies determined. 

The isomerization of pentacoordinate phosphorus structures through 
pseudorotational processes are well documented [ 1,2]. It is of interest to know 
whether or not the concepts developed in the field of phosphorus chemistry 
are applicable to organosilicon compounds [ 3,4] . The pioneering work of 
Klanberg and Muetterties on the pentafluorosilicates, SiFS - , RSiF4 - and 
R2SiF3- suggested the possibility of pseudorotation at silicon [ 51. Later, 
Janzen et al. [6] showed that the exchange of fluorine atoms, as observed by 
19F NMR spectroscopy, could also be explained by a rapid equilibrium be- 
tween five- and six-coordinated geometries. Recently, Farnham and Harlow 
[7a] have published a report concerning the pentacoordinated spirosiliconate 
anions, I and II, and Stevenson and Martin has studied the behavior of III 
towards weak nucleophiles [ 7b] . 

The isomerization at silicon is followed by the exchange of diastereotopic 
CFJ groups as shown in the 19F NMR spectrum. The values of activation 
energies are 16.6 and 17 to 19 kcal/mol for I and II, respectively. These 
energies are high and perhaps are in the range for possible cleavage of the 
Si-0 bond in ionic systems. In both of these cases, the authors proposed 

0022-328X/84/$03.00 o 1984 Elsevier Sequoia S.A. 



C26 

1 ‘Me 

F 

SI 

isomerization via pseudorotation, but a process involving an equilibrium 
between tetra- and penta-coordinate structures cannot be eliminated “strict0 
sensu “. 

Our first studies [8] on the apicophilicities of groups attached to penta- 
coordinate silicon have shown an order different from that observed for penta- 
coordinate phosphorus compounds. The order for silicon appears to be related 
to the ease of stretching of the Si-X bond and not directly to the electro- 
negativity of X. For this reason we started to study the fluorosilanes, IV and 
V which probably have the trigonal bipyramidal (TBP) structure of their tin 
analogs [ 91. In both IV and V the fluorine atoms preferentially occupy the 
positions axial to nitrogen and the aryl (and methyl) substituents prefer the 
equatorial positions, in agreement with our previous studies [8]. Another ex- 
ample of a neutral TBP has recently been reported, namely compound VI 
[lo] . Systems IV and V were chosen because the intramolecular coordina- 
tion helps avoid the problems with impurities which were found by Klanberg 
and Muetterties [ 51 and Janzen et al. [6] . Finally, the models discussed here 
represent nucleophilic displacement at silicon more closely than the Stevenson 
and Martin’s system [ 71 . 

(mo,R = H; 

IPb,R = CH,) 

C6H4X 

(Yo,R = H; 

Yb,R = CH3) 
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The “F and ‘H NMR data for Va show that the fluorine atoms, the methyl 
groups (of NMe,) and the benzylic protons are nonequiv~ent at low temper- 
ature (Table 1) which become equivalent at room temperature. The values 
of the activation energy determined from the F, the N(CH3), and the CH2 
data are all close in value, at about 9 kcal/mol, and this result suggests that a 
single process is occurring. The mechanism which makes the fluorines equiv- 

Mechomsm 2 

alent at higher ~mperature may be one of the following: (i) pseudorotation 
via Berry or turnstile processes (mechanism 1); (ii) an equilibrium between 
open and closed forms (mechanism 2); (iii) a combination of the two processes. 

We have studied the behaviour of compounds IVb and Vb as a function of 
~mperat~e. In these systems it is possible to dist~~ish between the two 
processes, because mechanism 1 does not eliminate the diastereotopism of the 
Me groups (NMe,) which is the result of the chirality of the benzyl group, 
whereas mechanism 2 provides for the complete disappearance of diastereo- 
topism of the NMez group since conversion to the open form allows rotation 
and inversion at the nitrogen center to occur. 

The “F and *‘Eli NMR data are listed in Table 1. The changes in the ‘H 
NMR spectra of IVb and Vb with temperature are shown in Fig. 1. The data 
show the following features. 

(a) The 29Si-‘9 F coupling constants are observed in all cases and at all 
temperatures. 

(b) In all cases, the *‘Si chemical shift of the nitrogen~ont~ning compounds 
is consistent with a pentacoordinate species in solution, and is temperature 
dependent. 

(c) For the compounds without the possibility of intramolecular coordina- 
tion there is essentially no change in the 29Si chemical shifts with tempe~t~e, 

(d) The values of AG* for the fluoro compounds in the present study are 
lower than those obtained previously for I, II and III. 

Since 29Si-‘gF coupling is observed over the temperature range studied, the 
process which is responsible for the fluorine equivalence does not involve 
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Me 

Ah* 15.8 kcal mol“ 

Eb (solvent CC14) 

T -45'C 

J.JLL 

T -9OOC 

1 I , 
2 1 

-1 
AG7* 94 kcal mol 

AC_," 11.8 kcal mol 
-1 

Me 
Yb (solvent CD2C12) 

Fig. 1. ‘H NMR spectra of IVb and Vb at different temperatures. IVb: Solvent Ccl,. A@ 16.8 kcal/mol. 
Vb: Solvent CD,Cl,, A@ 9.4 kcal/mol, AGF 11.8 kcal/mol. 

intermolecular fluorine exchange but may be attributed to an intramolecular 
process. The variation of the 29Si chemical shift with temperature could be 
explained by an increase in the number of pentacoordinate species with 
decreasing temperature or by the formation of the most stable five-coordinate 
intermediate (mechanism 1) a8 the temperature is decreased. 

In the case of IVa and Va it is not possible to distinguish between mechan- 
isms 1 and 2. However, in the case of Vb by using proton spectra, Fig. 1, it is 
possible to obtain the value of AG* for two processes. When the temperature 
is increased the first coalescence corresponds to a dynamic process at silicon 
with AG* 9.4 kcal/mol (mechanism 1). The second coalescence would then 
correspond to the breaking of the silicon-nitrogen bond, AG* 11.8 kcal/mol 
(mechanism 2). The first result is supported by the variable temperature 19F 
NMR data, where the energy of the equivalence process, AG* 9.3 kcal/mol, 
agrees well with the value obtained from the ‘H NMR spectra. For IVb, the 
*‘F NMR data provide the value of the energy corresponding to the fluorine 
equivalence, AG* 13.1 kcal/mol (mechanism 1) and the ‘H NMR data give the 
energy of the NMe, equivalence, AG* 15.8 kcaljmol (mechanism 2). At low 
temperatures, the CMe group in Vb might be expected to give a doublet of 
doublets. However, only a single doublet is observed and this may be because 
the chemical shift differences are too small to be detected in this study. 
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The results taken altogether support an unambiguous assignment of a pseudo- 
rotation mechanism for isomerization at silicon, as was recently predicted [ 121. 
In the compounds studied, the energy barrier for the pseudorotational process 
is lower than the energy for the equilibrium between the open and closed 
forms (mechanism 2). The strength of the intramolecular interaction at silicon 
appears to depend on the Lewis acidity of silicon (compare the energies for the 
ring opening process in IV and V) as well as by the ease of stretching of the 
bond to the group which becomes tram to the newly-formed coordinate cova- 
lent (The substituent in the apical position in the TBP species generated), Al- 
though the pseudorotation of V involves a form in which a carbon atom could 
be apical (with two fluorine atoms equatorial) or where the five-membered ring 
is diequatorial, the energy barrier for pseudorotation is still lower than in the 
trifluoro derivative, IV. 

Further studies are in progress with five-coordinate compounds with other 
functional groups at silicon, in order to determine the parameters which 
control the stability of pentacoordinate silicon and the energy barrier for 
pseudorotation. 
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