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Product-Rate Correlation in Acetolysis of 
threo-3-Aryl-2-butyl Brosylates. 
Supporting Evidence for the Existence of 
Two Discrete Pathways 

Sir: 
Recent data emphasized' that the aryl group in the 

threo-3-aryl-2-butyl or the trans-2-arylcyclopentyl sys- 
tem has major influence on the stereochemistry of the 
acetolysis products, while the magnitude of the rate ac- 
celeration attributable to  aryl participation remains 
quite small. Several possible explanations for this ob- 
servation were considered.' At the same time, it was 
reported that rates and products of some secondary 
P-arylalkyl derivatives can be adequately correlated by 
assuming two independent processes:2a aryl assisted 
(Fk,) and solvent assisted (ks ) .  
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Figure 1. 
75.0" us. the u constants. 

Rates of acetolysis of threo-3-aryl-2-butyl brosylates at 

Accordingly, we decided to  subject the threo-3-aryl- 
2-butyl system (I-X) to  an intensive examination with 
the aid of recently developed refined kinetic methods1f2 
and accurate product analysis so as to  establish whether 
or not a satisfactory product-rate correlation actually 
exists for this representative secondary P-arylalkyl 
system. 

H,,C-CH-CH-CHJ 
I 
OB s 

threo 
I-X; X = p-MeO, p-Me, m-Me, H, p-C1, m-C1, m-CFa, p-CF3, 

P-NOZ, m,m '-(CF3)2 

In addition to  those compounds studied previously, * 
we synthesized two new compounds, I-p-CFa and I-m,- 
m'-(CF&, by previously described methods. Rate 
measurements and product studies were conducted at 

( 1 )  C .  J. Kim and H. C. Brown, J .  Amer. Chem. Soc., 91, 4287, 
4289 (1969). 

(2) (a) C. J. Lancelot, J. J. Harper, and P. von R. Schleyer, ibid., 91, 
4291, 4294, 4296, (1969), (b) J. M. Harris, F. L. Schadt, P. von R. 
Schleyer, and C. J. Lancelot, ibid., 91,7508 (1969) 

Table I. Ratesa and Products* of Acetolysis of 
Substituted threo-3-Phenyl-2-butyl Brosylates at 75.0" 

-Product, 
I - x  ; 106kt, -- Acetate-- 
X =  sec- ' Olefins tert erythro threo 

p M e O  106Oc -0.3"a 99.7ha' 
P-Me 81. 4d 12 0 0  88 

68 m-Me 28. 26 31 
H 18.0' 38 0 3  59 
PC1 4.53' 53 1 6  39 
m-C1 2.054 76 1 11 12 
m-CF3 1.38' 76 1 18 6 
p C F 3  1.26 75 1 14 11 
pNOz 0,4950 680'3 120.1 10,l 
m,m'-(CF3h 0.330 62 3 34 1 

Each run was carried out with a 0.01 or 0.02 M solution of the 
substrate. * Each run was carried out with a solution 0.050 M in 
brosylate and 0.053 M in sodium acetate for 7-a. 10 half-lives. 

Estimated from the data of S. Winstein and G. C. Robinson, 
J .  Amer. Chem. SOC., 80, 169 (1958). d Extrapolated value. e Pre- 
vious results.' f Average values of previous' and present studies. 
 estimated from the data of D. J. Cram and J. A. Thompson, 
J. Amer. Chem. SOC., 89,6766 (1967). h S. Winstein and R. Baker, 
ibid., 86, 2071 (1964). At 50". j At 100". 

0 1  

75.0" in order to avoid any extrapolation error, and the 
results are summarized in Table I. The Hammett plot 
of the rate constants is shown in Figure 1. 

The overall rates ( k , )  were dissected into FkA and k,  
according to  the previously described procedure. l- 
The product data were examined by assuming that only 
retained substitution product is formed through the 
aryl-assisted pathway, and all other products through 
the unassisted p a t h ~ a y . ~ " , ~  Comparisons of rate-de- 
rived (Fk,/k,) and product-derived (per cent yield of 
retained product) measures of aryl participation are 
shown in Table 11. The agreement between the ob- 

Table 11. Dissection of the Titrimetric Rate Constant (k,) 
into the Assisted (FkA) and Unassisted (k.) Components. 
Comparison of the Predicted and Observed Amount of 
Retained Product 

Retained substi- 
I - x ;  tution product, 
X =  kt k p  FkAbnC kt/k. Calcdd Obsd 

p M e O  1060 14.9 1045 71 99 100 
p M e  81.4 10 .7  70.7 7 . 6  87 88 
m-Me 28.2 7.66 20.5 3 . 7  73 68 
H 18.0 6 .08  11.9 3 . 0  66 59 
p-c1 4.53 2.85 1.68 1 . 6  37 39 

a Taken from k, line in Figure 1. * Fka = kt-k,. 106k, 
sec- I. Calculated by 100FkA/kt. 

served and predicted values is excellent for all the com- 
pounds examined. 

In conclusion, we indeed find a satisfactory product- 
rate correlation in the acetolysis of threo-3-aryl-2- 
butyl brosylates, which supports the hypothesis that the 
reaction proceeds via two independent pathways with no 
signijicant crossover between these pathways.2*5 

(3) As small amounts of retained products were detected even for the 
deactivated compounds, small corrections of kt were carried out by 
k ,  = kt(l - fraction of retained product). The k, line in Figure 1 is 
the result of least-squares treatment of these ka values. 

(4) For example, hydride-shift products were included in the k. 
pathway here. For the parent compound (I-H), Cram estimated 
ca. 20% of the product arises from the benzyl tertiary cation: D. J. 
Cram, J .  Amer. Chem. SOC., 14, 2137 (19S2). 
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to our experimental observations, would not be expected 
to lead to  a quantitative correlation between rates and 
products. 

In spite of the borderline (or near limiting) behavior 
which has been ascribed to the acetolysis and formolysis 
of simple secondary s y s t e m ~ , ~ ~ *  the solvolysis of secon- 
dary @-arylalkyl systems was consistently depicted by 
Cramlo and by Winsteinlo in terms of competition be- 
t ween aryl-assisted and solvent-assisted mechanisms. 
No explicit reason was given why the presence of 0-aryl 
substituents should increase the importance of nucleo- 
philic solvent assistance in the k, pathway. In fact, 
because of the bulk of a @-aryl substituent, just the op- 
posite would be expected : solvent assistance should 
be less important in the 0-arylalkyl systems. The first 
real evidence that the degree of nucleophilic solvent 
assistance in the k,  process for secondary @-arylalkyl 
systems was sufficient to prevent crossover between the 
kA and k ,  pathways was not presented until 1969. 1 , 5 ,  

Moreover, recent data from several different ap- 
proaches l 2  support the position that nucleophilic sol- 
vent participation in the acetolysis of secondary arene- 
sulfonates must be a major factor in the solvolytic pro- 
cess. 

The present results clearly confirm that crossover 
must be unimportant in the acetolysis of secondary 
0-arylalkyl derivatives, such as 3-phenyl-2-butyl tosy- 
late. This supplies additional evidence that solvent 
participation must be a major factor in the acetolysis of 
simple secondary alkyl arenesulfonates as well, 1 * 1 2  

in contrast to the original belief.?,* This conclusion, if 
accepted, requires an extensive reinterpretation of the 
acetolysis studies of secondary derivatives conducted 
over the past 20 years. 
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Since primary carbonium ions are very unstable, the 
acetolysis of primary derivatives, such as @-arylethyl, 
would be expected to involve strong solvent participa- 
tion; no crossover between the FkA and k, pathways 
would be anticipated, and none is found.2bs6 In con- 
trast, the behavior of secondary @-arylalkyl derivatives 
is not so easily interpreted, largely as a consequence of 
confusion in the literature dealing with the nature of 
solvolysis of secondary substrates. 

Traditionally, the solvolysis of simple secondary sub- 
strates has been formulated as borderline: that is, 
S~2-l ike behavior was expected in the more nucleophilic 
solvents such as alcohols, but a tendency toward more 
limiting behavior (e.g., carbonium ions or ion pair inter- 
mediates without nucleophilic solvation) was expected 
in the less nucleophilic solvents such as acetic and formic 
acids.?,* 

In view of this propensity of secondary substrates 
toward more limiting behavior7,* it is reasonable 
to expect that the acetolysis of secondary 0-arylalkyl 
derivatives would be more prone to crossover than 
primary 0-arylalkyl Specifically, if the sol- 
volysis of secondary derivatives does approach limiting 
character, with little or no nucleophilic solvent inter- 
action with the carbonium center, there should be only 
a small energy barrier between the kA and k, (essentially 
k,) processes. Consequently, rapid interconversion 
would be anticipated between the ions I11 ( k A )  and I1 

J 

X 

*-- 

IIa 

A c 

-- 3 
IIb 

( k ,  zz k,) and also between the isomeric open cations 
(or ion pairs) IIa and IIb.g This situation, in contrast 
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