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SUMMARY: The exo/endo isomers of the title compound can be obtained as an equilibrium mixture -- 

when treated with cesium fluoride in DMF; the observed equilibrium constant is in 

agreement with theoretical calculations. 

We wish to report a unique reaction in which the exo/endo isomers of 3-methyl-3-sflabicyclo- -- 

[3.2.lloctane (MSEO),l are brought into thermodynamic equilibrium when treated with CsF in di- 

methylfonnamide (OMF) as shown fn Eqn. 1.2 Previous force field calculations3 have indicated 

CsF/DMF 4 

S.HMe Eqn 1 

SI :, 
ea- ‘H 
MS00 

exo-MSBO to be the preferred isomer by 0.6 kcal/mole (Keq = 2.3, 80'). When either pure isomer - 

or a mixture was heated (800) with CsF, a final 3:7 ratio of endo:exo-MSBO was obtained, which is 

in excellent agreement with that predicted. 

When CsF was replaced by KF, very little isomerization was observed at 80°. However, KF with 

18"crown-6 at 80' produced the equilibrium mixture, The CsF/DNF medium caused a very slow iso- 

meritation at room temperature, but addition of lb-crown-6 increased this rate and gave the equi- 

librium ratio at ca. 25O. In several cases, reaction was allowed to proceed for various lengths 

of time after equilibrium had been attained with little or no change in the isomer ratio. 

The two MSBO isomers are clearly distinguishable by a number of physical methods, and a 
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tentative isomer assignment4 was made from 'H and 13C NMR data. Less equivocally, the structure 

of endo-NSBO was confirmed by an electron diffraction study. 5 Isomer ratios were determined by 

GC and/or from the proton NHR spectrum (Table I, footnote d). 

The results of a solvent study run in NMR tubes are shown in Table I. Polar, aprotic sol- 

vents favor isomerization. In addition, several reactions were run on a larger scale to allow 

a more conrplete product study. The MSBO isomers were normally the only 'products', but varying 

amounts of 3-fluoro-MSBO 1 and isomers of siloxane 2 were also detected. The reaction was very 

sensitive to moisture, apparently giving siloxane 2. However, in CsF/oMF, there was evidence for 

a reaction of MSBO with solvent to give 2 and (CH3)3N. Even when ? became the predominant 

product, the MSBO fsomers were stfll at or near the equilibrium position. The fsomerfc fluoro- 

silanes 1 were also detected in small amounts from several reactions. Most interestingly, in 

Ccl4 or CDC13, where no isomerization was detected, larger amounts of 1 were observed. On one 

occasion, 0.199 of MSBO was heated with 4 eq. CsF in CC14 (reflux) for 14 days; the isolated 

product (95% mass balance) consisted of nearly equal amounts of starting MSBO and J. The starting 

MSBO isomer ratio changed little throughout reaction. In reactions where the isomers of 1 were 

observed, GC analyses indicated an approximate 7:13 endozexo ratio,6 regardless of the starting -_ 

MSBO ratio. This result indicates that the fluorosilanes are rapidly isanerized under the 

reaction conditions. 

The CsF/DMF medium also promoted complete equilibration of exo-3-methoxy-MSBO within 2 hr. at - 

room temperature (Eqn. 2).7 
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3781 

TABLE I. REACTIONS OF MSBO WITH CESIUM FLUORIDE IN DIFFERENT SOLVENTS.a 

Solvent Reaction conditionsb endo:exo MSBO isomer ratios d -- 

!eq. CsF, temp., timec) Starting Final Theorye 

CD3CN 2 eq., 100°, 18 da. (13 da.) 98:2 33:67 31:69 

CD3CN 2.5 eq., 85O, 17 da. 0:lOO 25:75 30:70 

DMF 1 1000, 50hr. (24 hr.) eq., 98:2 31:69 31:69 

DMF 1 80°, 23 hr. eq., 60:40 31:69 30:70 

DMF 4 80°, 20 hr. (2 hr.) eq., 0:lOO 30:70 30:70 

C6D6 2 eq., llO", 5 wk. 98:2 98:2 

CC14 2 eq., llO", 5 wk. 98:2 98:2 

cDC13 1.1 eq., 1100, 4 wk. 98:2 98:2 

DME 2.5 85O, 2.5 mo. eq., 98:2 94:6 

diglyme 2.5 eq., 85', 2.5 mo. 98:2 69:31 

Reactions were executed by combining the reagents, using 70-110 mg of silane, 
In dried NMR tubes under a nitrogen atmosphere. The tubes were sealed, 
heated in an oil bath, and periodically analyzed by proton NMR spectroscopy. 
Final reaction mixtures were also analyzed by GC and C-13 NMR spectroscopy. 

Control runs in CD CN or DMF without CsF showed no isomerization or side 
reactions at 100' $0, 2 weeks. 

The tfmes in parentheses indicate when equilibrium was initially attained. 

Isomer ratios were determined by GC on a 6' x l/8" 8%-FFAP column at 80' 
which gave near baseline resolution. Approximate retention times were 
6 and 7 min. for the exo- and endo-isomers, respectively. Ratios were 
also determined by cagul intetfon of the methyl resonances (CDC13) at 
6 = 0.18 (J = 4.3 Hz) and 0.03 9 J = 3.4 Hz) for endo- and exo-MSBO, - 
respectively. 

Calculated from ref. 3. 
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The methoxysilanes could also be equilibrated with KCN in DMF at 80°, but not at room temp- 

erature; these conditions caused no change in the MS60 isomer ratios even after prolonged 

heating at 120'. 

A probable first step for the isomerizatfon of MSBO involves formation of a penta- 

coordinate silicon intermediate with a fluoro subsituent. Such an intermediate was proposed 

in the CsF-catalyzed hydrosilation of carbonyl groups by triethylsilane in acetonitrile.8 

This intennediate was also proposed in the fluoride and other anion-induced alcoholyses of 

some silyl hydrides.g Subsequent events following the formation of such an intermediate under 

our conditions are uncertain, but a number of pathways are conceivable. 10 The generalization 

of our results to other cyclic and acylic sflanes will be attemped in future investigations. 
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