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The Stability of the 2=Bicyclo[2,1,O]pentyl Cation and Anion 
By P. R. BROOK* and B. V. BROPHY 

(Department of Organic Chemistry, The University, Leeds LS2 9 JT) 

Summary In contrast to the 2-bicyclo[2,1,0]pentyl cation, 
the corresponding 2-carbanion stabilized by a carbo- 
methoxyl group, shows no tendency to ring-open. 

SOLVOLYSIS of suitable derivatives of the epimeric bicyclo- 
[Z, 1,Olpentan-2-01s (IIa and IIb) should give information 
on the nature of the transition states leading to the 2-cation. 
A similar method had been employed for the 2-bicyclo- 
[3,1,0]hexyl series.l 

Use of exo-2-acetylbicyclo [2,1,0]pentane (Ib) in the 
Baeyer-Villiger reaction (monopermaleic acid) followed by 
basic hydrolysis of the acetate, gave the exo-alcohol (Ifb) 
(p-nitrobenzoate, m.p. 94"). The endo-series proved more 
labile and the best endo-acetate [from reaction of ketone 
(Ia) with m-chloroperbenzoic acid] contained 3-cyclopen- 
tenyl acetate (5% : n.m.r. analysis). After basic hydrolysis, 
the crude alcohol mixture, from its n.m.r. spectrum, con- 
tained 67% of cyclopenten-3-01 and only 33% of the 
required endo-alcohol (IIa). The large proportion of 
unsaturated alcohol formed is explained if solvolysis of the 
acetate group (with resultant ring-opening) competes with 
hydrolysis of the ester. 

This marked difference in behaviour of endo- and exo- 
derivatives is in line with the solvolytic behaviour of the 
corresponding 3,5-dinitroben~oates~ (kendo/kexo ca. 10') 
and in contrast with solvolysis of the 2-bicyclohexyl 
derivatives (hendo/kexo 1.52). The special reactivity Of 

the e.ndo-2-bicyclopentyl derivatives suggests an early 

transition state, with relief of strain in the 1,4-cyclopropyl 
bond as the rearward participation increases. Thus the 
transition state is probably stabilised more by mono- 
homoallylic or bicyclobutonium ion character? than by the 
bishomoallylic resonance found for the 2-bicyclo [3,1 ,O]- 
hexyl cation, where a late transition state is envisaged.l 

( I U X  = OH A 

The endo- and sxo-2-carboniethoxybicyclopentanes [re- 
spectively (IIIa) and (IIIb) ] are suitable substrates for 
generation of the 2-carbanion. In addition to resonance- 
stabilization of the anion by the carbomethoxy-group, the 
acidity of the C-2-H bond may be increased by the ring 
strain in the bicyclic system.5 The latter assumption was 
not confirmed by the f3C satellites in the n.m.r. spectrum 

?If 1,3-interactions (in this case between C-2 and C-4) are considered, the transition state must have some of the character of the 
bishomocyclopropenium ion (VI) and therefore be of lower energy than that from the exo-derivative. 
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of the endo-ester (IIIa), however, which gave 1J (SC-2,H) 
= 138 1 Hz. corresponding to 28% s-character in the 
bond.4 This is close to the value for the allylic methylene 
group in cyclobutene.5 The cyclopropyl methylene value 
was normal ‘J (IT-5, H) = 162 f 1 Hz. (cyclopropane 
value 161 H z . ) . ~ ~ ~  

With 1.4 M-NaOMe in boiling MeOH the esters reached 
equilibrium (57% endo-ester) within 4 hr. Surprisingly, 
this epimerisation involving the C-2 carbanion gave no 
ring-opened products even though a process such as (IV) 
would relieve some 28 kcal/mole of ring-strain.’ Such a 
ring-opening has been observed for simple cyclopropyl- 
carbinylmagnesium halides which react to give allyl- 
carbinyl derivatives.8 An equilibrium involving classical 

ions has been postulated here.9$ In contrast, an example 
of a non-classical cyclopropyl carbinyl anion is found in the 
bishomoaromatic ion (V) : quenching yields 0.5% of cyclo- 
propyl compounds.1° 

We suggest two reasons for the difficulty of ring-opening 
of the 2-bicyclo [2,1,0]pentyl anion. Firstly, the 2-methoxy- 
carbonyl group stabilises the charge at  C-2 mesomerically, 
and secondly the transition state involving interaction of 
the strained 1,4-bond with the carbanion resembles the 
high-energy, antiaromatic bishomocyclopropenyl anion 
(cf. footnote?). 

(Received, May 29th, 1969; Corn. 759.) 

$ The role of magnesium compounds as Lewis acids may be important in facilitating this equilibrium. 
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