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exo-2-Norbornyl and 1-adamantyl tosylates react with sodium phenoxide 

in tetrahydrofuran via ionization, most probably through a cyclic 

transition state. The results call for attention in interpreting 

substitution reactions under "apparently-SN2" conditions.

It is well known that some salts, such as lithium perchlorate, promote ionization 

of various organic substrates in less polar solvents, especially in ethereal ones.1) 

In their pioneering work on salt-promoted ionization of organic substrates, Winstein 

and his coworkers examined the effects of various salts composed of Li+, Na+, Bu4N+, 

and ClO4-, Br-, p-nitrobenzoate anion on the rates of ionization of 2, 2-dimethyl-2-(p-

methoxyphenyl) ethyl tosylate2) and spiro [4.5] deca-6, 9-dien-8-yl p-nitrobenzoate3) in 

less polar solvents. However, no mention has been made of the products from the for-

mer substrate; the latter substrate has been reported to give only tetrahydronaphtha-

lene, no substitution products being formed. 

Here we wish to report on the unique behavior of sodium phenoxide (NaOPh) in 

tetrahydrofuran (THF) that the salt not only promotes ionization of exo-2-norbornyl 

and 1-adamantyl tosylates (1 and 2, respectively), but affords substitution products. 

Notably, it has been shown that the reaction obeys good second-order kinetics, but 

actually it proceeds with rate-determining ionization. The present findings suggest 

that one must be careful in interpreting the mechanism of the reactions which are 

conducted under "apparently-SN2" conditions.

Kinetic Studies-The tosvlates 1 and 2 are essentially intact in THE at 75℃

in the absence of added salts. However, when the reaction of 1_and 2, with NaOPh in

THE at 75.0 and 100.0℃ is followed titrimetrically, it obeys good second-order kine-

tics (Fig. 1 and 2 for the reactions at 100.0℃). In addition, the pseudo first-order

rate constant determined at 75.0℃ by use of excess NaOPh increases linearly with the

NaOPh concentration (Fig. 3). Thus the reaction appears to proceed as if it followed 

an SN2 mechanism. However, it has been found that the ionization of these tosylates 

is enormously accelerated by LiC1O4 (Fig. 3). This suggested that NaOPh actually 

accelerates ionization of the tosylates in the manner similar to LiC1O4. Consequently, 

with a view to obtaining evidence for the ionization, the products of the reaction and 

the deuterium scrambling in the products from exo-2-norbornyl-exo-3-d tosylate (N-3-d) 

have been examined as follows.

Product Studies-The reactions of 1 and 2 with NaOPh in THE at 100℃ for ten
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Fig. 1 Fig. 2

Fig. 1, 2. First- and second-order plots for the 

reaction of 1 (Fig. 1) and 2 (Fig. 2) with NaOPh

in THE at 100.0℃.

Fig. 3. Effects of added 

salts on the rates of 

reaction of 1 and 2 in THF

at 75.0℃; open circle, 1;

closed circle, 2.

half-lives afforded the corresponding alkyl phenyl ethers (O-alkylation) and alkyl-

phenols (C-alkylation) as main substitution products,4) the latter being predominantly 
composed of o-alkylphenols. Besides these expected products, substantial amounts of 

2-(4-phenoxybutoxy)norbornane (3) and 1-(4-phenoxybutoxy) adamantane (4), which are 

apparently formed by the ring-opening of THF, were isolated.5) In the case of 1 con-

siderable amounts of elimination products (58.0%) were produced.6) The results are 

shown in the Table.

Table. Substitution products in the reaction of exo-2-norbornyl and

1-adamantyl tosylates (0.1M) with NaOPh (0.3M) in THE at 100.0℃

a) The percentages are relative to GLPC internal standard and

normalized. b) exo: endo=97:3. c) exo:endo=96:4. d) exo>910

The exo: endo product ratios in 2-phenoxynorbornane and in o-(2-norbornyl) phenol

from e xo-2-norbornyl tosylate 1 are 97:3 and 96:4, respectively. The predominance of

the exo substitution is in harmony with the predominant exo substitution generally

observed in the solvolytic reactions,7) suggesting that 1 reacts with NaOPh in THF via

2-norbornyl cation.

The formation of the ring-opening products [RO(CH2)4OPh] from THE can be best
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explained in terms of the mechanism involving the nucleophilic attack of THE to the 

carbocations followed by the SN2 attack of a phenoxide ion to the oxonium ion. There-

fore, this also provides strong evidence for ionization of 1 and 2.

Deuterium Scrambling in the Substitution Products In order to obtain con-

clusive evidence for the ionization of the tosylates, the reaction of exo-2-norbornyl-

exo-3-d tosylate (1-3-d) with NaOPh in THE has been conducted at 100.0℃, and the

deuterium distribution in the substitution products determined with 13C NMR. The 

deuterium has been found to scramble completely to the C-3 and C-7 positions in each 

of the three kinds of substitution products. In addition, the deuterium in the re-

claimed tosylate has been found to distribute to the 3- and 7-positions. Clearly the 

phenoxide and THE trap the "symmetric" (bridged or rapidly equilibrating) norbornyl 

cation (Scheme).8)

Scheme

As to the reaction of 1-adamantyl tosylate 2, direct evidence for ionization such 

as 180 scrambling, has not been obtained; however, it must be safely concluded from 

the aforementioned product study that this also reacts via ionization. 

The acceleration of ionization of organic substrates by added salts (M+Y-) in 

less polar solvents has been interpreted in two different manners. Winstein2) and 

Pocker9) proposed a linear quadruple ion intermediate 5, whereas Perrin and Pressing10) 

postulated cyclic, electrostatic dipole-dipole interaction between the salt and the 

transition state as illustrated by 6. Although it is premature to conclude which of

the two models be more likely, the present kinetic 

studies appear to support the cyclic model 6 on 

the basis of the following findings. The rate 

ratio (2/1) dramatically changes depending on 

the kind of salt. In the presence of LiClO4, 

1-adamantyl tosylate 2 reacts twice as fast as

exo-2-norbornyl tosylate 1 at 75.0℃ (Fig. 3).11)

On the other hand, in the reaction with NaOPh the order of reactivity is reversed, and 

2 reacts slightly more slowly than 1, with the rate ratio (2/1) being 0.8-0.9 (Fig. 

3). This dependence of the rate ratio on the kind of salt seems to be explicable by 

postulating the interaction of the counter anion of the salt ion-pair with the cationic
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center at the transition state.12) Presumably, the phenoxide anion interacts with the 

secondary center of 1 more intimately than with the tertiary center of 2 for steric 

reasons. Further mechanistic implication of the salt effects will be discussed in 

detail in a full paper by including the results of 2, 2-dimethyl-2-(p-methoxyphenyl)-

ethyl and endo-2-norbornyl tosylates as additional substrates.
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