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According to simple HMO calculations, the cyclobutadiene dication Q) as well as the benzocyclo- 

butadiene dication @ are expected to be relatively stable.‘r2 

An interesting observation was recently reported by Lambert 

loi 

+2 

and Holccmb,3 which is that the unsatumted ditosylate? ’ 

acetolyzes at a constant first-order rate 500 times faster than 
J 2 

the saturated ditosylate i, produces two isomerlc bicyclo- 

[ 2.2.11 heptenyl diacetates and two tricyclo[ 2.2.1 .@,6] heptyl d iacetates, and at about the first half-life 

the reaction mixture contained only product diacetates and starting-maten’al ditosylate, but no acetoxy 

,A, Q 6) &$TS (ii) &-Oh 
+2------*’ +l 

tosylates. The two alternative mechanisms (i and ii) were proposed and (i) was favored: (i) concerted loss 

of both tosylate grwps to form a cyclobutenium-stabilized dication (S); (ii) 2 passes stepwise through a 

monocation 61, an acetoxy tosylate, and another monocation to lead to the ultimate products, diacetates. 

We have independently examined acetolyses of the ditosylates of exo-cis-benzonorbornene-2,8-diol e- 

OH) and its 6-methoxyl derivative @-OH) and have found evidence making the dicationic 2 improbable. 

Oxidations of benzonorbornadiene and 6-methoxybenzonorbornadiene4 with alkaline KMn04 solution, 

as performed for norbornene,s yieldedz-OH, mp 177-178.S’, and?-OH, m.p. 106-107.5°,6 which were 
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esterified with tosyl chloride to obtain COTS, mp 138-138.5’, ond&OTs, mp 143-145’. The ocetolyses 

were carried out in glacial acetic acid containing equivalent sodium acetate and the rate data are sum- 

marized in TABLE 1.7 The kinetic data indicate that on argument similar to that proposed for the result of 

2 is possible here and involvement of 2 is not unreasonable. The retarding effect of the second tosylate 

group in the saturnted system E/i in TABLE I) is 2.9 x 10S6. The acetolyses of 7-OTs and 8-OTs 

proceed, respectively, 19.6 and 1320 times faster than_4 and 3.3 x 10”and 2.2 x 10m2 times more slowly 

than exo-2-benzonorbornenyl tosylate w. Therefore, the benzene rings in L-OTs and g-OTs are mte- 

accelerating and the second tosylates are less mte-retarding than in 4 
_. 

2 Z = H: z-OTs 

Z = CbO: g-OTs 
&! 

z&oAc - z&AC do,, 
.!? Z=H: 2 .& 

Z=CbO: $i_ 

Z=H: il_ 

Z=C&O: E 

TABLE I 
Rutes of Acetolysis at 75O 

Compound k,, set-’ AH*, kcal/mol AS’, eu Rel mte 

z-OTs 3.33x 10-7 29.3 -0.92 1.96x 10’ 

E-OTs 2.24x lCr’5 25.4 -1.56 1.32x ld 

B 8.6 x 10-6 a 27.6 -3 5.86 x Id 

2 1.7 x lo-sa 31.4 -4 1 

.& 1.0 x 10-s 
b 

5.88 x lO’(O.169) 

exo-2-Norbornenyl-OTs u 1.7 x 1o-3a 21.2 -11 1 .o x 16 (0.288) 

exo-2-Norbornyl-OTs (18) 5.9 x 10-s a 22.2 -5 3.42x l@( 1 ) 

a Ref. 3. b Calcumted from the rate of the bmsylate’ with the factor of OBr,/OTs = 3. 

’ H. Tanida, H. Ishitobi, T. Irle, and T. Tsushima, J. Amer. Chem. 5oc. 9l, OCQO (1969). 



The product was, however, quantitatively the diacetate of exo-2-anti-9-benzonorbornendiol (U, mp 

79-80”, or 5 oil) formed with the Wagner-Meerwein reorrangement. When analyzed at about the first 

half-life, the reaction mixture of L-OTs consisted of the rearranged acetoxy tosylate w? mp 106-107°, 

the recovered i-OTs, and & in a ratio of 62, 23, 15%, respectively, but the retoinedz-OAc was absent. 

It was observed that j-OTs reacts similarly. Accordingly, rationalization of the products is difficult on 

the basis of the dicatlon 2, but not on the basis of o step mechanism through the monocationsE and E. 

It has not been solved whether the rearranged ditosylate Eis formed or not by internal return before the 

first tosyloxy is displaced by solvent. The kinetics are also compatible with the step mechanism. Sincex 

was captured, the mte ofL must be comparable with or slower than the rote of COTS. Although anti-9- 

benzonorbornenyl tosylate acetolyzes eleven times faster thanL-OT~,~ the factor of eleven will be 

overccme by the inductive effect of OAc in 11 or OTs in 3 judging from the fact that the introduction 

of exo-2-brcmo group into anti-7-norbornenyl tosylate makes the mte 20 times slower (at 2S”) .tc 

Finally, we suggest the following monocation mechanism for the reaction ofz. 

& 
Bicyclo[ 2.2.11 heptenyl 

AC - and 
* _-_-_-_ 
+l tricyclo[2.2.1 .(?A] heptyl diacetates 
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The structures are supported by spectml data. 

exo-cis configuration of the diol groups is 

clear by infmred hydroxyl bands and NMR. 

For Z-OH, IR (CCIS 3634 (free OH) and 

3525 (OH internally-associated with H); 

NMR (CDC13) 8 3.80 (d, 2, J = 1.7 Hz, C,, 

C3-H), 3.22 (t, 2, J = 2.0 Hz, C,, C,-H), 

2.33-1.83 (m, 2, CpH). 

The first-order. plots were linear to 50% com- 

pletion of the reactions, then showed slightly 

upward curvature (the rates became slower). 

A similar observation was reported in the 

acetolysis of ,$.3 

An authentic sample for identification was 

prepared through the following route: 

OH 

i) 4 

ii) NaBH4 -c2& 0 
TsCl 

OAC 
-fi 

AE 

I.OB - 

Q2 04 06 06 1.0 

k or h. L 

FIG. 1 

9. 

10. 

NMR (CDCI,)for& 8466(splitq, 1,Cendo_2-H),4.42 (m, 1,CSyn_9-H),3.62 (m, ),Ct-H),3.39 

(split d, 1, C,-H), 2.45 (s,3, C$CsH5-), 2.07 (s, 3, Cl$OO); and 2.50-I .63 (m, 2, Cs-H). Long 

range coupling is observed between C 
endo- 

and C 
syn-9 

protons at 100 MC, when Cl, C4-H are 

decoupled. NMR (CDCl3) for l5, 6 4.82-4.58 (m, 2, Cende2, C syrr9-H), 3.76 (s, 3, CtjsO-C,H,-), 

3.65 (m, 1, Cl-H), 3.35 (m, 1, C4-H), 2.07 and 2.02 (two s, 6, C&COO), -2.0 (m overlapped with 

Cl-&COO, 2, C3-H). NMR for the aliphatic part of zis substantially identical. 
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