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THE effect of a neighbouring double bond in accelerating the solvolysis of 

halides and sulfonates in the bicyclo~.?.~heptane system is well known.* 

Its effect can be seen from a comparison of the results of aoetolysis of 

the E-toluenesulfonates of exo and - 

I and II. Compound I was found .to 

& OTS 

I 

endo 5-hydroxybicyclo~.P.~hept9_ane 

react about 1 & times faster in acetic 

c4 / 
urs 

II 

acid at 25' C than compound II.3 The observed increase in rate was 

attributed to the fact that only in the exo isomer I was the $-Y double - 

bond able to participate during the solvolysis; that is, only when the 

geometry of the compound allow the 7Y orbital of the neighbouring double 

bond to interact from the rear with the developing oarbonium ion is the 

energy of the transition state lowered and a rate enhancement observed. 

' Present address: Bristol Laboratories, Syracuse 1, New York. 

2 S. Winstein and C. Ordronneau, J. Amer. Chem. Sw. 82, 208& (1960) and 
references therein. - 

3 S. Winstein and M. Shatavsky, J. Amer. Chem. S6c. 3 59s (19%). 
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Indeed, stabilization of a carbonium by a neighbouring double bond is 

sufficiently large in the case of the 7-norbornadienyl carbonium ion to 

have allowed proof of its eldstence as a stable entity in sulfur dioxide.' 

Much recent work has been done on the bicycloE.?.2]oct-2-ene system 5,6 

although none of j-t provides evidence about direct participation of the 

double bond. Goering found that the double bond accelerated the rate of 

solvolysis of endo tosylate IV, presumably by aiding in the stabilization of 

the carbonium ion resulting from participation of the carbon-carbon 0 bond. 

We wish to report evidence for the direct participation of the double bond 

obtained from a study of the solvolysis of the tosylate of exo 5-hydroxy- - 

bicycloE.2.2) act-2-ene Va. 

Lb 
a) R-H 

/ 

b) R=Ac 
OR 

c) R=Ts 

IV V 

Compound Va was prepared as follows. Reduction of bicyclok.?.2]oct- 

P-ene-s-one with lithium alurrtium hydride gave a mixture of exo and endo -- 

alcohols in the proportion of 1:3. By using lithium tri-t=butoxyaluminum 

hydride as reducing agent the ratio of exo to endo was increased to 2:3. -e 

The mixture was then separated by vapour phase chromatography using a 

column of 20% Carbowax 20M on firebrick. The exo isomer was obtained as a - 

solid m.p. 175-176' C (correct C k H analysis) which on hydrogenation gave 

the same product ((by mixed m.p. and I.R.) as that obtained from hydrogenation 

4 P. R. Story and M. Saunders, J. Amer. Chem. Sot. & 6199 (1960). 
- 

' A. Gagneux and C. A. Grob, Helv. Chim. Acta h& 1753 (1959). 
- 

6 H. L. Goering and M. F. Sloan, J. Amer. Chem. Sot. & 1391, 1394, 1992 
(1961). - 
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of the corresponding endo alcohol. That the stereochemical assignment 

of exo to the minor component is correct is corroborated by a comparison - 

of the N.M.R. spectra of the two isomers in the region of 6.3 7 . The 

proton on the carbon bearing the hydroxyl group occurs 8 c.p.s. to 

higher field in the exo isomer. - This is in agreement with the observed 

effect of a neighbburing double bond on chemical shifts in the 

bicyclo[2.2.ihept-2-enes.7 

The tosylate of Va was prepared and solvolysed at 18.2' C in 100% 

glacial acetic acid, the same conditions as Goering employed for ti 

endo isomer. 6 The reaction was followed titrimetrically and proceeded 

with excellent first order Hnetics to tiO$ reaction. From two runs 

a rate constant of 2.l~ X 10 
-h -1 

set was obtained reproducibly. This is 

the largest rate constant observed in the 2.2.2 series. The product of 

solvolysis was shown to be 85% exo acetate Vb by ccanparison of its - 

I.R. spectrum with that of the product of acetylation of exo alcohol - 

Va. The limited supply of Va prevents determination of the nature of 

the minor solvolysis product. A comparison of the rate of solvolyei8 

of tosylate Vc with its endo ismr IV and cycloheql to&ate shows 

their relative rates to be 10,000:300:1. Since the endo isomer is 

accelerated by carbon-carbon u' bond participation it is obvious from 

the rate comparison and also from the fact that the major solvolysis 

product is acetate of retained configuration, that the double bond 

does participate during solvolysis of tosylate Vc. Presumably the 

intermediate ten be approximated in character by VI. This conclusion 

7 R. R. Fraser, Cari. J. Chem. l& 78 (1962). 
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refutea an earlier proposal by Wlldman and Saunders8 that direct 

participation of the double bond is absemt in the bicyclo~.2.doctens 

sM=. 
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t - This research was supported by the National ltMk!iBC-h. 

8 W. c. Wildmm and D. R. Saunders, J. Org. Chm. a 381 09511). 
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