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Summary 

The relative reaction rates of several silatranes (derivatives of 2,8,9-trioxa-5-aza- 
l-silatricyclo[3.3.3.0’~5]undecane) and HgCl? in acetone-d, to yield the correspond- 
ing organomercury compound are of the order of e.g.. 5 X 10 ' I molt ’ set ’ or 
slightly less, a rate that is unexpectedly high compared to the essentially inert parent 
organotrialkoxysilanes. Thus, the apical Si-C bond of the silatrane is extraordinarily 
susceptible to direct electrophilic attack by mercury(I1). The rates decrease in the 
order CH,=CH, C,H,, p-ClC,H, > CH, > CH,CH,. CH,CH$ZH, > C,H,,. 
ClCH,, Cl,CH, CH,CH,O. The effects of varying the solvent and the counterions 
are noted. and the probable mechanism is discussed. 

Introduction 

Organosilatranes, despite the presence of three deactivating oxygen substituents 
on silicon, are readily susceptible to electrophilic attack by mercury(I1) to yield the 
corresponding organomercurial species. Silatranes (derivatives of 2.8.9-trioxa-5-aza- 
1-silatricyclo[3,3,3,0’.5]undecane) are a class of pentacoordinate organosilicon com- 
pounds characterized by transannular donation of electron density from the 5- 
nitrogen to the silicon atom, thereby producing an effective penta-coordination at 
silicon [l-4]. The short Si-N distance reported [3] in silatranes. RSi(OCH,CH,),N, 
is consistent with a dative u bond from N to Si and provides the silatranes their 
distinctive concave-convex cage structure [2,3]. We would like to report that the 
apical Si-C bond is extraordinarily susceptible to direct electrophilic attack by 
mercury(I1) to form the corresponding organomercurial compounds in protic or 
aprotic media: 

RSi(OCH,CH,),N + HgX, + RHgX + XSi(OCH,CH2),N 

(R = alkyl, aryl; X = Cl, I, C,H,O,). 

* On leave from Everyman’s University, Tel-Aviv (Israel). 

0022-328X/85/$03.30 ‘ii 1985 Elsevier Sequoia S.A. 





317 

acetone-d, using 5 mm NMR tubes. An internal deuterium lock was used with 
tetramethylsilane as the internal chemical shift standard. Data collection and 
processing were performed on a model 620/L-100 Varian Data Machine. The 
inversion recovery method was used to determine the longitudinal relaxation times 
(Tr ) from which appropriate recovery times ( > 5T, between pulses) were chosen for 
kinetic determinations. 

Results and discussion 

The relative reactivities of organosilatranes with mercury(II) species are shown in 
Table 1. 

In acetone-d,, the relative reaction rates between equimolar concentrations of 
HgCl z and organosilatrane were found to decrease in the following order: CH? =CH. 

C,H,, p-ClC,H, (fastest) > CH, > CH,CH,, CH,CH,CH2 > C,H,,, CICH,, 
C12CH, CH,CH,O (slowest). 

These results are in accord with the relative rates observed for Co-C bond 
cleavage by mercury(H) in organobis(dimethylglyoximato)cobalt(III) [ll] and are a 
result both of electronic and of steric effects. 

Among the saturated substituents, which as a class are less reactive, the ethyl and 
n-propyl groups were cleaved some three orders of magnitude more slowly than the 
methyl group. Free rotation of the ethyl and the n-propyl groups about the Si-C 
bond, and their compression against the silatrane cage during the transition state, 
sterically hinders flank attack by HgCl,. The steric hindrance posed by the cyclohexyl 

TABLE 1 

RELATIVE REACTIVITY OF ORGANOSILATRANES WITH MERCURY(II) IN ACETONE-d, 

Silatrane substituent Electrophile Relawe reaction rate 

CH, 
CH, 
CH, 
CH, 
CICH, 

Cl,CH 

C,H, 

C,H, 

CcH,, 
CZH, 

C,H, 
C,H, 
p-ClC,H, 

CH,CH,O 

CH, 

CH, 

CH, 

CH, 

CH, 

H&l, 
HgC’z 
HgCl, 

%I z 
HgC1 z 

H&l 2 

H&l2 
H&l2 

&Cl z 

%C’ z 

H&l, 
%I, 
HgCl 2 

HgC1 z 
SKI, 

PbPJO,)l 
CdCl z 

ZnCl z 

FeCl i 

1 “ 
6 x lo-’ D.< 

5x10-' 
1x10-’ 

2x10m4 

2x10m4 
d 

1.5 

1.5 
xx1o-L 
1.5 

d 

d 

o In water-d, solvent. h Apparent biomolecular rate constant = 4.0 X lo-’ 1 moi- ’ s ’ at 35.0”C. ’ In 

methanol-d, solvent. ’ Relative reaction rate < 1.5 X 10--5. 
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