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BRIDGING STRAIN IN THE SOLVOLYSIS OF EPIMERIC BICYCLIC TOLUENESULFONATES 
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Summary. The large variations in the rate ratios for the epimeric bicyclic 

p-toluenesulfonates 1. to 2 are ascribed to differential bridging strain 

accompanying the formation of intermediate cations. 

It is instructive to compare the solvolysis rates, exo/endo rate ratios 

(k exo'kendo) 
and products of the bicyclic secondary tosylates 1 - 2 (TABLE) 

1 
- 

because the latter belong to a class of compounds which ionize with little or 

2 
no nucleophilic assistance from the solvent; i.e. they react by a kc process . 

The positive charge generated in the transition state is therefore largely dis- 

persed intramolecularly. This raises the question as to the cause of the decreas- 

ing kexo'kendo ratios listed in the TABLE. As shown in the sequel these varia- 

tions can be explained by differential strain in a pair of epimers resulting 

from the bridging of the incipient cationic centers at Ca by the y-carbon atoms 

3 
at the rear of the Ca-OTs bond . In effect 1,3-bridging amounts to electro- 

philic attack by an incipient cationic center on a saturated carbon atom. 

The rate ratio of 1270 for 8-exo- and 8-endo-bicyclol3.2. lloctyl tosylate 

1 points to a large difference in the respective bridging strains. Thus, bonding 

of C(8) to C(2) or C(4), or to both, subdivides the 6-membered ring in the cation 

5 into quasi 3- and 5-membered rings, as indicated by the dotted line. On the 

other hand bonding of C(8) to C(6) or C(7), or to both, subdivides the 5-membered 

ring in the cation 7 into quasi 3- and I-membered rings which entails more strain. - 

Consequently, the exo-tosylate 1 reacts much faster than the endo-epimer. This is - 

also borne out by the reaction products formed in 70 % dioxane. Whereas most of 

the alcohols and olefins obtained from the exo-tosylate 1 are derived from the - 
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TABLE. First order rate constants In 8Ovol.% ethanol at 40.0” (1 at 130”) 

k (set-’ ) 
kexo 

kendo 

endo 

endo 

exo 

1 

2. 

9 

4 

exo 
1.12. 10 -6 

endo ca. 8.8 -10 
-10 

-3 
exo 118.10 

endo 2.70. 10 
-6 

exo 1.09.10 
-4 

endo 1.92.10 
-6 

-5 
exo 8.71 .lO 

endo 6.68.10 
-6 

exo 1 14. 10 
-4 

endo 7.87.10 -5 

1270 

548 

57 

13 

1.45 

rearranged cation 8, none of the products from the endo-tosylate 1 stem from the 

4 rearranged and strained cation 9 . - 

Likewise, the high exo/endo rate ratio of 548 for the 2-norbornyl tosylates 

2 (TABLE) reflects the large dlfferentlal strain attending C(6)-C(2) bridging in 

the cation I.0 from the exo-tosylate 2 and C(7)-C(2) brrdging in the cation 11 - - - 

from the endo-epimer. As has become increasingly clear 
3 

the exo-alcohol 2, which 

is obtained almost exclusively from both tosylates 2 5 , is derrved from the - 

6 
bridged cation 10 . - 

The rate ratio of 57 for the 2-exo- and 2-endo-bicyclo[3.3.llnonyl tosylates 

2 indicates an appreciable differential bridging strarn accompanying the forma- 
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tron of the respective cations 12 and 13. - - It is noteworthy that the olefin 14 is - 

practically the sole product from the exo-tosylate 2 and that no rearrangement to 

the more strained brcyclo[3.2.2lnonane system 5 
7 

occurs. - The endo-tosylate, how- 

ever, yields mostly endo- and exo-alcohol 3 besrde some epimeric alcohols derived - 

8 
from the bicyclo[4.2.llnonyl-2-cation 15 . - 

The rate ratio of 13 for the 2-exo- and 2-endo-bicyclo[3.2.1Ioctyl tosylates 

4 g - implies an even smaller differential bridgrng strain in the cations 16 and 17 - - 

due to the conversron of a 7-ring to a quasi 6- and 3-ring and a 6-ring to a quasi 

5- and 3-ring, respectively. The cation 17 is of special interest because it could - 

assume the symmetrically bridged "non-classical" structure 18 which is often - 

associated with unusual stability 
10 . Nevertheless, the 2-endo-tosylate 4 J_S the - 
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less reactive epimer. Furthermore, the latter yields 92 9, of endo-alcohol 

retention beside 8 % of exo-alcohol 4 with inversion, whereas about equal - 

4 with - 

amounts 

of alcohols derived from 16 and the rearranged cation 19 are obtained from the - - 

exo-tosylate 4. - 

The rate ratio of 1.45 for 6-exo- and 6-endo-bicyclo[3.2.2lnonyl tosylate 5 - 

indicates only a negligible differential bridging strain attending the formatlon 

of the cations 20 and 21. In both cases the products, i.e. alcohols and olefins, - - 

are derived exclusively from the rearranged cations 22 and 15 respectively. - - 

Of the above pairs of epimeric tosylates 1 - 5 the exo-tosylates are the - - 

more reactive epimers, presumably because participation of the larger bridge 

generates the lesser strain. 

1) 

2) 

3) 

4) 

5) 

6) 

7) 

8) 

9) 

10) 
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