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The reported instances of inversion of configuration in the acid-catalyzed 

opening of cyclopropane rings are rare.2 The recent report' of exclusive inversion 

in the hydrogen chloride promoted opening of a fused cyclopropane ring prompts us 

to amplify our previous observations4 of a similarly striking stereochemical 

result in the acid-catalyzed fragmentation of endo-8-tricyclo[3.2.1.02"10ctanone 

L 5 
In our original synthesis of ketone 1' it was observed that 

acid or dilute (@4) aqueous acids hydrolyzed the corresponding 

1 without difficulty treatment of 1 with 46.6% aqueous sulfuric 

whereas wet acetic 

dimethyl ketal of 

acid (w/w) for 30 

minutes resulted in facile bridge cleavage to 4-cycloheptenecarboxylic acid (2); .., 

isolated yield ~a. 809. Under the same strong acid conditions ketone 1 gave the 

identical result. 

Since 1 isunmually hygroscopic the initial mechanistic arguments pointed _ 

4095 



4096 lo. 40 

to edge or corner attack by proton on hydrate 3 to give carbonium ion 4 as shown 

in Scheme I. Subsequent bridge cleavage in 4 leads to the observed acid 2. In ." 

order to probe the stereochemistry of electrophilic attack on the CZ-CC bond of 

the endo cyclopropane ring, ketone l, was treated with 45% deuteriosulfuric acid 

in deuterium oxide. The resulting acidic product was freed of its carboxylic 

deuterium by the usual procedures to give z-d1 containing 93% dl: 6% do:l.O% dz 

by mass spectral analysis. 

Scheme 1 
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Wmr analysis of 2-dl at 100 MHz (CClh) revealed a symmetrical six line 

multiplet at 257 Hz for the carboxyl methine proton HI. In the undeuterated acid 

this same proton appeared as a symmetrical seven line multiplet which by first 

order analysis is consistent with an overlapping series of triplet of triplets. 

Whichever conformation of 2 (2a or 2b) prevails is immaterial since of the flanking _ .., 

pairs of methylene protons, Hza II,, should exhibit the larger coupling with the 
, 

methinyl proton (51 2 =Jl,Ta=9.0 HZ; Jl,zb=Jl , a 
,7b=4.0 Hz). Therefore appearance 

of a six-line multiplet rather than a five-line multiplet for H1 on replacement 

of one of these four methylene protons by deuterium is consistent only with 

deuteron attack trans to the developing carboxyl function. Hence corner attack 

by the approaching electrophile with resultant inversion of configuration at C2 

(C,) is established. 
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Unlike the case of Hogeveen and coworkers' edge attack by proton is not 

preempted by steric considerations in 1 (or 3). The explanation for corner attack 

mqre likely resides with electronic considerations. In view of the large accerler- 

ation (ca. 10') provided by the C2-C4 bent bond for concerted two-bond bridge - 

cleavage (decarbonylation) of unsaturated ketone 2,' it is reasonable to expect 

similar stereoelectronic orbital control of both cyclopropane (Cz-Cb) and bridge 

(C,-CS) bona cleavage prompted by electrophilic attack on the cyclopropane ring 

of 3. 

0 
II 

4 ’ 

I 

Thus an acid-promoted concerted fragmentation via transition state 6 would 

appear to be reasonable mechanistic alternative to Scheme I. In support of this 

suggestion exo ketone 7 was found to be stable to 46.6% sulfuric acid.' Further, 

the cycloheptene acid 2 was not observed as one of the cleavage products from 

7 under more forcing conditions. 
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