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The accelerated solvolytic behavior of exo- and endo-bicyclo[3.l.O]alk-2-yl derivatives - 

provides convincing evidence that comparable cyclopropyl participation accompanies ionization 

of both epimers. 2 The pair of isomers react at very similar rates (k,ndo/k+xo = 1.3-l.5 de- 

pending on the leaving group), the small discrepancy arising from ground state energy differ- 

ences.2b Product studies have suggested further that a single conformationally stable minimum 

energy cyclopropylcarbinyl cation results, independent of the original relationship of the 

leaving group and cycloIropane ring.3 This striking convergence to a single conformstionally 

unique [J.l.O]bicyclic carbcmium ion points to the existence of unique gecmetric effects in 

cyclopropylcarbinyl cation stabilization. In this connection, we have now assessed the sol- 

volytic behavior of the four possible tricyclo[k.2.0.0 2'4]octan-5-yl 3,5dinitrobenzoates 

&and& Not cnly was noninterconvertibility of the resulting two homoallylic cations in 

evidence,5 but that derived from & and 2 has been shown to exhibit alone a propensity far 

structural rearrangement to the cis-bicyclo[3.3.O]octd-en-2-yl system. This latter trsns- - 

farrnation constitutes a "double-barreled" expansion of both small rings present in 2. 

RI R2 a RI 4 ++ .$ 

6n 
$9, R,=X, R2=H 2tJ , R,=X , R2=H 

A., R,=H, R,=X L!* RI =H,R2=X 

Alcohols &-OH and S-OH were available from en earlier study.e Additicmally, alcohol 

lb-OH was obtained by LiAlH4 reduction of the related ketone6 and access to Z-OH was gained - 

by treatment of S-OH with aluminum isopropoxide in isoImopy1 alcohol containing acetone.7 

The set of four 3,5_dinitrobenzoates e were subjected to hydrolysis in acetone-water (80:20) 

and the relevant kinetic data are sutmmr ized in Table I. All four esters obeyed good first- 
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order kinetics and alkyl-oxygen cleavage was established by conducting comparable kinetic 

measurements in methanol-tetrshydrofuran (3:l) where only methyl ethers were isolated. To 

remove the possibility that starting esters g and g were rapidly interconverting (note 

similarity in rate) the solvolysis of 3 was interrupted at several points (e.g., 21$, 4@, 

etc. conversion). JYmr analysis of the recovered dinitrobensoate revealed the total absence 

of deteotable (5%) 3. 

Product studies with &-ODNR and &&4DNR were carried out in both unbuffered and buffered 

(lC$ mole excess of 2,6-lutidine) solutions. In the first instance, both esters gave within 

experimental error an identical mixture of alcohol2 (23%) and its internally returned ester 

J$ (55-W). In confirmation of its structural assignment, 2 was catalytically hydrogenated 

to known alcohol&' and oxidized to p,y-unsaturated ketone 2. The buffered hydrolyses, con- 

ducted at 100' for ten half-lives, gave a 73:23 mixture of ,3& and &-OH, together with 2G$ of 

J!!. Wicyclic alcohol*-OH does experience partial iscmerizaticn to 2 under these conditions 

OR 

a3 
G,R=H 

,b, R-DNB 

OH 

fd 
4 

Ccmpafable buffered hydrolyses of &-ODNR end g-ODNEi gave, in contrast, a quite different 

spectrum of woducts cmsisting of5 (3034$), 1 (2k$), 2 (33-4l$), S-OH (4-s), and 2J$R 

(2.5&O To establish the identity of 5 and 1, they were individually acetylatedll and also 

oxidized to cis-bicyclo[j.j.O]octd-en-2-one which was synthesized independently by the method - 

of Roberts and Garham. 
12 

Alcoholgwas prepared (92$ stereoselectivity) by sodium borohy- 

dride reduction of 1, end together 

conditions, 

with 5 and 1, was shown to be stable under the reaction 

The relative ionization rates of anti epimsrs & differ only by a factor of 3-k, again in- 

dicating little tietic dependence on leaving group geometry. The essentially identical rate 

data for a-ODNR and s-ODNEI are compatible in directicn with the greater ground state strain 

in Z-OH, RT ln 6.7, which is suggested from actual equilibration.7 That these solvolyses give 

only c@-bicyclo[4.2.O]oct-4-en&'-01s with hydroxyl orientation inextricably linked to a spe- 

cific tricyclic precursor geometry strongly implicates highly directed attack of solvent 
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nucleophile. This stereospecificity in homoallylic alcohol formation can jest be explained 

by intervention of csrbocation intermediates 2 and I& the relative orientation of the ini%a- 

annular r~~y~lopropyl~~ bonding electrons directing solvent capture as shown. 

Table I. Rates of Rydrolysis in 8% Aqueous Acetone 

j,5-Dinitro- Iemp, 105 k 1150 AH*, as*, 
benzoate OC set -II?' I el kcal/mol eu 

1& 85.4 5.49 70 27.3 -2.5 
loo.4 26.6 
114.8 107.2 

lb 100.4 - 8.23 20 27.1 -5.3 
~4.8 33.3. 
130.0 128.9 

2a ~4.8 1.62 1 31 -0.37 

b 3.8" 
7.77 
1.55 1 30 -3.4 

130.0 7.03 

The observation that only&-ODNR snd s-ODNB give e-bicyclo[3.3.O]octd-en-2-01s fur- 

ther corroborates the involvement of non-interconverting ions 2 and g in the poduct-farming 

steps. Molecular models show that in g stereoelectronic alignment of the hcmcallylic p 

orbital with the internal cyclobutane bond is highly favorable for 1,2 carbon shift. In the 

caticn produced from 1 (i.e., g), this p orbital is oriented out of plane. 

t 
H a--: 

Following this argument to its ccnclusion requires that $l_ solvolyze with formation of 

alcohols 12 and JI in which deuterium is uniquely bonded to that trigonal carbon atom posi- 

tioned adjacent to the ring fusion. Indeed, these isotopically labeled products are formed 
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with high site specificity. Unfortunately, in the case of 2 our data do not distinguish 

between an alternative ring opening pathway which gives access to 2,5-cyclooctadienyl-2-d_ 

"20 _ 

acetone 

OH OH 

cations and their subsequent transannular cyclization. Notwithstanding, the results cleszly 

show that caticms 2 and g comprise separate and distinct potential energy minim&Is 
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