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f%t.nce there are more posslbilitles for charge delocalisation in 

carbicylsystems than incanparable secondarycarbinyl systems, 

2193 

tertiary 

a greater 

~econdaryisotope effect (per D)wouldbe expected from8 limiting solvO~is 

in the latter system. 

The nmgnittie of a secondary isotope effect is also a sensitive 

function of the nature of the leaving group (exiphile)* and increases as 

the exiphilicity of the group increases in non-limiting solvo4sis. On 

this basis, the secondary isotope effect observed during the solvo4sis of 

a bromide should alvays be slightly )greater than that of an analogous chlOr- 

lde, but this djfference is probabbly negligible for limiting solvo4sis. 

Lastly, secondary isotope effects observed in limiting solvo4sis 

are insensitive to wide variations In electrophilic and nucleophilic proper- 

ties of solvents at constant Y vsl~es (6). Although no comparable studies 

concerning the effect of varying Y values have been published, fragmentary 

data indicate that vxudation of Y wer a range of 2-j log units causes less 

than 0.5% variation if kg/s ( per D) (6,7). On these grormds ve have con- 

cluded that the dif'ferences in solvent used in the present study Bna In the 

model system which we have chosen (8) will not serious4 effect our inter- 

pretation. 

when the solvolysis rates of&;zwere measured pdaristetrically, 

a secondary isotope effect(k&,)aof 1.087~~ found. This value is about 

4C$ less than the value which is predicted by our model (1.14) (8) (3 and 

provides further evidence that the transition state for the solvolysis of 

exo-norbornyl derivatives is&abilized by delocalization of the Cl-C6 siepla - 

bond (9). Since this conclusion requires that in the transition state for 

solvolysis (4, the electron deficiency on carbon is borne by both cl and C2 

We propose that the word exlphile be used to denote a leaving group. 
Extensions to exiphilicitmleaving tendancy) are obvious, descriptive 
and concise. 
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it became appsrentthata studyofthe solvolysis of exo-norbornylbrauide- - 

7,7-d, (5)~uld be profitable and -al considerable additional detail 

about the geometry 6f the transition state. 

Internal return in the norbornyl system results in the interchange 

2 
2 

of the C ad C methylene groups (10) and if solvolysis conditions are chosen 
3 7 

such that internal return is significant enough to ellow equilibration of& 

tiLa comparison of the secondary isotope effects measured polarimekricslly 

for& can provide an estimste of the value of ($/s)(L for5 (ll). Although 

the experimental uncerkainty in the value of (k&,& is about twice as 

Large as for ($I$& it is aFnt that ($/s)ol forzmust be very smsll 

and probably approaches 1.00. 

For a resonance form such asdto be important, carbon atoms 1, 2, 

4, and 7 mwt. be nearly coplanar. Since this would require a considerable 

molecular reorganization as progress is made from the starting material to 
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the transition state for solvolysis, the smdl value of ($/s)a for 5 

indicates that the geometry of the nuclei of the norbornyl framework has 

not changed significantly In the transition state. 

An alternative explsnation for the absence of 8 secondary isotope 

effect in the solvolysis of 5 which should also be considered is that there 

is no electron deficiency at Cl in the transition state; several experi- 

mental facts argue against this interpretation. Substituerrts attached to 

Cl will be restricted in their ele&mdc interactions with the transition 

state by similar geometrical requirements for resonance as those discussed 

above for the C 
7 
methylene group snd therefore, substituent effects at Cl 

should fol.louprimrilyan inductive om3erratherthauaresomnce-inductive 

odder. Schleyer (13) has reported that the relative rate prmmting factors 

of l-methyl, l-ethyl, and l-phenyl substituents are 50, 82, and 3.9 nspec- 

tively for the solvolysis of exo-norbornyl tosylates which is consistent 

with these expectations. These data, coupled with our own findings, pmvide 

strong supporting evidence that the formation of the transition state in the 

solvolysis of exo-norbornyl derivatives is anchimerically assisted (9,lO) but - 

that the geometry of the carbon skeleton is approximately that of the start- 

ing material. 
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