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Abstract: The apparent substituent effect on the acetolysis of 2-arylethyl 

tosylates was analyzed as a sum of two linear substituent effect relationships 

for aryl-assisted and -unassisted processes. The effect on the former process 

satisfied the LArSR Eq. with a unique r value of 0.6. 

In investigations of anchimerically assisted solvolyses, the effects of aryl 

substituents have played an important role as a measure of the significance of 

assistance.1-3 Recently, we have reported4 that the substituent effect on the 

acetolysis of neophyl brosylates can be described by a unique r value of 0.56 in 
r 

our LArSR Eq.> 
log k/k0 = ~(a' + rA5;) (1) 

This appreciably exalted r value was taken as evidence for a direct n-delocali- 

zation interaction between the aryl n-system and B-carbocation center, i.e., a 

bridged structure, in the rate-determining transition state. 526 While the r 

parameter is a sensitive measure of the resonance demands of varying systems, the 

results of LArSR analyses have led to the generalization that it shows little 

variation within a family of essentially the same mechanism and affords a unique 

value characteristic of the nature of the transition state of the system. It is 

therefore expected that the substituent effect on 8-aryl assisted solvolyses can 

also be characterized by such a unique r value, contrary to the traditional CT+ 

characterization. 
3 
Accordingly, this investigation was undertaken in an attempt 

to define more precisely the substituent effect on the anchimerically assisted 

(FkA) processes of B-arylalkyl solvolysis systems. 

In most of such B-arylalkyl solvolyses, the precise analysis of substituent 

effects on the assisted process suffers from the mechanistic complexity due to 

the concurring aryl-unassisted (ks) pathway, which even becomes predominant with 

the deactivating compounds. l-3 The acetolysis of B-arylethyl tosylates chosen 

for the present study is no exception, and the solvolysis rate kt (=ks +FkA) 

does not satisfy any simple linear substituent effect relationships. A useful 

way of separating rates of assisted process has been exploited by Schleyer, 

et al., 
2 
based on the assumption of Hammett-type relationships for respective 

pathways, practically observable in extreme cases, FkA>>ks and ks>>FkA. 
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Fig. 1 The plot of log k:/kz against o+ 
- 

and aNP constants. 

unambiguously based upon deactivating substituents, giving a p, value of -0.17. 

In contrast with the wide dispersion of o+ plots (open circles), the plots (closed 
- 

circles) against oNP all collapse into a single smooth curve without any serious 

deviation. Activating substrates define fairly accurately the Fk, line of pa g -4 

bound smoothly to the k, curve determined by r-independent substituents. In 

addition, the Fk, and ks correlation lines cross each other at the point 0.30 log- 

unit below the kt line, as expected for ks =Fka=kt/2. 

tion line appears to be drawn through o+ plots. 

No reasonable Fk* correla- 

Both correlations are contrasted 

sharply by the behavior of less activating strong n-donors, such asp-MeO-m-Cl and 

p-MeS-m-Cl derivatives. 
8 

There is no doubt that the aNI, of r = 0.56 is far more 

suitable than o+ (r =l.OO) for the Fk, correlation. The best-fit r value does not 

appear to differ so significantly from that of ENI,. Now we can define the sub- 

stituent effect on the FkA pathway in terms of this unique r value of about0.6.7'8 
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Finally, it should be emphasized that the aryl-assisted process of phenyl- 

ethyl acetolysis is a complex process involving significant return from the 

phenonium intermediate, 9. in contrast with the neophyl solvolysis. Such a mecha- 

nistic complexity has often been the cause of disagreement concerning the devia- 

tion of r from unity against our LArSR concept of varying resonance demands. 
10 

The apparent substituent effect on the phenylethyl Fk, process might not be the 

intrinsic effect on the k, ionization but a modified one associated with the 

substituent-change in F value. However, the same r value for both assisted 

processes is not in line with any argument based on a constant resonance demand 

r=l.OO. Further, accumulated data indicate that the F value is remarkably 

constant, independent of aryl substituents. 9 The reduced r value of 0.6 must be 

inherent in the process of rate-determining ionization through a 8-aryl-assisted 

transition state. 
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