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Summary: Tetracyclo[6.2.1.02~6.05r10 lundec-3-yl derivatives (5 - 8) show typically high 

tertiary exo/endo solvolysis rate ratios, but the ratios for secondary reactants are 

suppressed. The rate and product data support the theory of anchimeric assistance in the 

parent exo-2-norbornyl solvolysis. - 

Exo/endo rate and product ratios have been central to efforts to characterize the 

intermediates in solvolysis of 2-norbornyl derivatives. ’ Winstein originally attributed the 

high rate ratio for the parent secondary brosylates ,1 (Scheme I) - see also z3- to 

anchimerically assisted ionization of the exo isomer with formation of a symmetrically bridged 

cation, ,9. 4 
Brown subsequently discovered the exo/endo ratio also to be large for tertiary 

norbornyl reactants, _3, 5 
where anchimeric assistance must be much less important. He proposed 

steric inhibition of endo ionization as a common explanation for both secondary and tertiary 

systems. 1,6 

Low exo/endo rate ratios have been observed for a variety of secondary sulfonates in which 

the 2-norbornyl skeleton is incorporated into a larger polycyclic framework constrained against 

bridged ion formation.7-10 Among these the exo-5,6-trimethylene-2-norbornyl system,8 i and 5, - 
provides a particularly serious stumbling block for Brown’s steric interpretation.’ The extra 

ring away from the reaction site muld not be expected to introduce any steric complication 

under ordinary reaction, and indeed the tertiary esters _5 have virtually the same reactivities 

as their norbornyl counterparts _3 and exhibit a characteristically high exo/endo rate ratio. 

In contrast, the secondary exo/endo ratio for $ drops dramatically. This singular behavior is 

easily explained as the result of inhibited anchimeric assistance. In exo-4 - -I sigma bridging 

during ionization would require the 5,6-trimethylene substituent “to move toward the more 

crowded endo environment, increasing the strain. ‘Ihe system resists this change, resulting in 

a decreased rate for the exo isomer and a decreased exo/endo rate ratio.” 10 
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Scheme I. Exo/endo solvolysis rate ratios at 25.0 'C 
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Table I. Solvolysis Rate Constants 

* * 
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We have now exmnined the solvolytic behavior of the even more rigid 2-norbornyl analogs 

5 - $1’12 ‘Ihe tetracyclic ring system of these substrates, as indicated by molecular models 

and empirical force-field calculations, 13 should cause minimal deformation at the norbornyl 

reaction site in both reactant ground states and the corresponding classical secondary and 

tertiary carbeniun ions. Formation of a bridged ion, _lO, from exo-6 or exo-7, on the other _- _- 
hand, should be strongly resisted due to strain increase. 

‘Ihe measured rate constants are listed in Table I. As seen in Scheme I, the tertiary 

exo/endo ratio in 8 remains high. The similarity of data for 3, _5 and 8_ as well as for a broad -- 
set of aryl analogs of _3 and 2 

8b-d indicates a comnon steric origin for epimeric tertiary 2- 

norbornyl rate differentials. 

!Ihis is not the case in the secondary series. Low exo/endo rate ratios are observed for 5 

and z, as well as for 4 and other related models, 
7 in contrast to 1 and 2. Again the principal 

effect is found to be diminished reactivity for the constrained exo reactants. The disparity in 

comparative secondary and tertiary epimeric rate differences between _1 - 2, on one hand, and 9 

- 8, on the other, reveals the absence of any comprehensive steric factor. The results are 

well explained instead by geometric inhibition in the larger polycyclic systems of the bridging 

proposed by Winstein to assist ionization of exo-1 and exo-2. -- - Ihe alternative hyperconjqative 

explanation advocated by some 14 is unsatisfactory. Stabilization by delocalization with 

minimal nuclear movement should have been undiminished by the ring-system extensions in exo-4 - -r 

eXO-6 and exo-7. - -I -- 

Comparison of the products of buffered acetolysis of systems 1 and 2 15 supports the 

conclusion drawn from the kinetics. Rigid exo-7 produced 2.0+0.2% of the corresponding endo -- 
acetate along with 89.3% of the exo acetate and 8.7% of the symmetrical olefin, an enhancement 

of endo product formation relative to that from parent exo-2 15b,d 
-- by a factor of ca 90. The - 

substitution product from endo- also contained 0.5% of endo acetate, whereas ester with -- 
retained configuration has not been detected from a simple endo-2-norbornyl sulfonate. l5 The 

solvolysis of constrained reactants 1 thus reflects the behavior expected from localized ion- 

pair mechanisms, with small but differing amounts of nucleophilic solvent involvement. l6 The 

bridged 2-norbornyl ion 2 accomodates the much higher preference for exo product formation 

observed from exo-2 - -* 
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