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Summary: We wish to report that 5-trimethylsilyl and 
5-trimethylstannyl substituents cause unexpectedly large 
accelerations of the solvolysis of 2-adamantyl p-bromo- 
benzenesulfonate esters and that these observations con- 
firm the importance of long-range hyperconjugative in- 
teractions. 

There has been considerable recent interest in the 
modes of transmission of electronic effects of substituents 
across rigid saturated bicyclic carbon skeletons and par- 
ticularly in the "double hyperconjugation" type interaction. 
Adcock et a1.2 have shown that 19F substituent chemical 
shifts (SCS) of 4-X-bicyclo[2.2.2]oct-l-yl fluorides are 
strongly regulated by a "through-three-bond" electron 
delocalization interaction that couples the C-X and C-F 
bonds through the intervening C-C singie bonds. This 
"double hyperconjugation" had earlier been invoked by 
Grob et al.3 to explain the accelerative effects of electro- 
fuga1 substituents including hydrogen on the solvolysis 
rates of 4-substituted bicyclooctyl p-nitrobenzene- 
sulfonates. 

In a recent study of the effects of metalloidal substitu- 
ents in the 4-position on the solvolysis rates of bicyclo- 
[2.2.2]octyl methanesulfonate esters 1 we found accelera- 
tion factors approaching 50 and 3000 for the Si(CH& and 
S ~ I ( C H ~ ) ~  groups, re~pectively.~ In extending these ob- 
servations we had already found similarly large solvolytic 
accelerations with these metalloidal substituents in the 5E 
position of 2-adamantyl brosylates 2 when a report by Xie 
and le Noble5 appeared claiming that the 5-trimethyl- 
stannyl substituent caused only modest accelerations of 
the solvolysis of 2-adamantyl tosylate and that the factor 
for the Z isomer (15X) was larger than that for the E 
isomer (lox). 
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Table I. Solvolysis Rate Constants for 5-X-2-adamantyl 
Brosylates and Ratios Relative to 2-Adamantyl Brosylate at 

25 "c 
97Ta 70Ea 80Ea 90E" 

X kb  krsle k kre~ k krel k kre~ 

(E)-Me3Sn 3200d 7000 17.99 1160 4.423 1373 
(Z)-Me3Sn 44.83 98 1.27 27 0.527 34 0.160 50 
(E)-Me3Si 23.13 51 0.656 14 
(Z)-Me3Si 3.69 8 0.13 3 

97T is 97 wt % trifluoroethanol -3 w t  % water;, 70E, 80E, and 
90E are 70, 80 and 90 vol % ethanol -30, 20, and 10 vol % water. 
buni ts  are lo" sd. cRatio of the rate constant of 5-X-2-adamantyl 
OBs to 2-adamantyl OBs. Extrapolated from rates measured at 
lower temperatures. 

Solvolysis rate constants determined by using the con- 
ductance method described previou~ly,~?~ along with the 
ratios of these rates relative to that of 2-adamantyl bro- 
sylate, are in Table I. The accelerations for the (E)-tri- 
methylsilyl and especially for the (E)-trimethylstannyl 
substituents are large and very similar to the correspdnding 
substituent effects in the bicyclooctyl ~ e r i e s . ~  This simi- 
larity of the substituent effects is striking and significant 
because the substituent groups and the reaction centers 
are separated by the same number of bonds in both cases 
but their spatial separations and orientations are different; 
the conclusion that the effects are transmitted through 
bonds rather than through space is thus strongly rein- 
forced. Also it is clear that the hyperconjugating bonds 
do not all have to lie in the same plane as they are in the 
bicyclooctyl compounds; the central bond in the adamantyl 
compounds hyperconjugates with each end bond through 
two different planar arrangements oriented at an angle of 
120° to each other. This is in accord with the stereoe- 
lectronic requirements of the through-bond interaction 
model put forward by Hoffmann et al., which has received 
much experimental  verification.'^^ 

The major product (70-90%) obtained from the (E)- 
stannyl-substituted isomer in all solvents is 7-methylene- 
bicyclo[3.3.l]non-2-ene, formed by a five-bond heterolytic 
fragmentation. This observation graphically illustrates the 
importance of the through-bond intera~t ion.~ The (2)- 
stannyl isomer gives 85% of the fragmentation product in 
97T and 30% in 90E; the remaining products for both 
isomers are exclusively the E alcohol and ether. No 
fragmentation was detected for either siYyl isomer; both 
gave predominately the E alcohol and ether. 

le Noble's analysis5J0 of the 5-substituent effects on 
reactivity of the 2-adamantyl compounds in terms of hy- 
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perconjugation serves quite adequately to explain the 
behavior of the E isomers provided it is modified to include 
stabilization of the pyramidal E cation by double hyper- 
conjugation as denoted by canonical structure 3. However, 
the significant accelerations found for the 2 isomers are 
not directly predicted from any earlier considerations. 
Here we postulate that the accelerations are due to isom- 
erization of the (pyramidal) 2 cation" to the more stable 
E cation, thereby reducing internal return. Evidence for 
this mechanism comes from preliminary findings of the 
lack of sulfonyl oxygen scrambling in 180-labeled 5(2)- 
(trimethylstannyl)-2-adamantyl brosylate that was re- 
covered after 1 half-life of solvolysis.12 We are currently 
attempting to confirm or reject this explanation by exam- 
ination of a-deuterium isotope effects. An alternative 

explanation is that hyperconjugation is transmitted 
through the intervening five C-C bonds having a less than 
optimal 0rientati0n.l~ 
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Summary: The [3 + 41 cycloaddition of 1,1,3,3-tetra- 
methylindane-2-thione S-methylide (1  1) and 2,3-bis(tri- 
fluoromethy1)fumaronitrile (2c) afforded 86% of the 
ketene imine 14, the X-ray structure of which revealed a 
strained ring; the thermolysis to thione 9 + cyclopropane 
18 constitutes a novel reaction course. 

A great difference between the T-MO energies of 
1,3-dipole and dipolarophile as well as steric hindrance of 
the concerted process are prerequisites to the two-step 
pathway of cycloaddition. The nonstereospecific combi- 
nation of the nucleophilic thiocarbonyl ylide 1 with the 
electrophilic ethylenes 2a and 3a, both giving thiolanes 6a 
and 7a, suggested the zwitterionic intermediate 4 . ' g 2  
Furthermore, the zwitterion 4b generated in THF + 2 vol 
% methanol in the presence of 2b furnished lactim ether 
8b and thiolane 6b in a 6535 ratio;3 a reversible 1,7 re- 
combination of 4b affording the cyclic ketene imine 5b was 
conjectured. 

The reaction of 1 with the cis acceptor olefin 3c provided 
71% of the ketene imine 5c, 16% of trans-thiolane 6c, and 
10% cis-thiolane 7 ~ ; ~  5c was stable at  room temperature, 
but rearranged to 6c at  60 0C.5 Ketene imine 5c was 
crystalline, but single crystals suitable for X-ray analysis 
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were not obtained. We are reDortine on the crvstal 6 7 a 

thione 9 (red crystais, mp 41-42 "C); addition of diazo- 
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