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Stereospecific n- versus G-Participation in Solvolysis of Tricyclononadienyl 
p-Nitrobenzoates 

By ANDREW S. KENDE,* JOHN K. JENKINS, and LOUIS E. FRIEDRICH 
(Departwent of Chemistry, University of Rochester, Rochester, New York 14627) 

Summary Acetolysis of the tricyclic p-nitrobenzoate 
(IIIs-PNB) yields exclusively the unrearranged (IIIs- 
OAc), whereas the less reactive epimer (IIIa-PNB) 
undergoes stereospecific and complete rearrangement to 
acetates (IV-OAc) and (VI-OAc) ; solvolysis in the (111s) 
series may be aided by cyclopropyl a-participation, 
whereas that in the (IIIa) series involves back-side 
homoallylic wparticipation during C-0 heterolysis. 

PARTICIPATION by a double bond or cyclopropyl ring in 
delocalizing positive charge frequently accompanies solvoly- 
tic rearrangements of bridged alicyclic systems.l We now 
report striking stereospecificity in acetolysis of the epimeric 
tricyclo :4,2,2, 03,6]deca-7, 9-dien-2-yl esters (IIIa-PNB) and 
(IIIs-PNB) which may involve competition between 
alternative modes of participation at the developing 
cationic centre. Homologation2 of ketone (I)3 gave 60% 
of the cyclopropyl ketone (11), vmax (CCl,) 1690 cm-l; 2,4- 
dinitrophenylhydrazone : m.p. 192--193O, t which on LiAlH, 
reduction at  - 70" gave a 6 : 1 ratio of anti-alcohol (IIIa-OH), 
m.p. 123-125', and syn-alcohol (IIIs-OH), m.p. 137-138'. 
Configurational assignments were based on n.m.r. vicinal 
couplings to the C-2 proton, which in (IIIa-OH) is a doublet 
a t  83-83 with Jl,2 3.8 Hz, whereas in (IIIs-OH) the corre- 
sponding signal a t  83.87 is a doublet of doublets having J1,2 

4.3 Hz and J2,3 7.7 Hz. 

H 

( I l l s - O H )  R = O H  
( ~ s - P N B )  R =P-N02C6H4C02 
(ms- OAc)  R = OCOMe 

Acetolysis of (IIIs-PNB)$ in refluxing HOAc buffered by 
1 equiv of NaOAc proceeded with a half-life of cu. 1-5 h to 
give as kinetic product only 0 9 5 % )  the corresponding 
acetate (IIIs-OAc) .§ In  contrast, (IIIa-PNB) underwent 
acetolysis with a half-life of cu. 11 h to give three volatile 
products : a preparatively inseparable mixture of two 

7 All new compounds were characterized by i.r. and n.m.r. spectra and gave combustion analyses or mass spectra in agreement with 
the reported structures. 

$1 The p-nitrobenzoates (IIIs-PNB) (m.p. 122-123'), (IIIa-PNB) (m.p. 96-97'). (VI-PNB) (m.p. 119-120°), and (IV-PNB) (m.p. 
112-1 14", two epimers) were prepared from the corresponding alcohols using p-nitrobenzoyl chloride in dry pyridine, crystallized to  
constant m.p., and satisfactory isomeric purity by n.m.r. 

5 An analytical 1,'s in. x 20 f t .  column of 10 % FFAP on ABS (Anakrom, 100-1 10 mesh) a t  165-170' permitted nearly quantitative, 
determination of five acetolysis components according to the following retention times : (IIIs-OAc) (22 min) ; (IV-OAc), minor epimer 
(23 min'i ; (IV-OAc), major epimer (24 min) ; (IIIa-OAc) (25 min) ; (VI-OAc) (29 min). 
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epimeric tricyclic acetates (IV-OAc) (74%) and a single 
tetracyclic acetate, (VL-OAc) (22%). Control studies showed 
that (111s-OAc) or (IIIa-OAc) could have been detected if 
formed under these reaction conditions.7 

Structure (IV-OAc) was established by hydrolysis and 
MnO, oxidation of the mixed epimeric alcohols to dienone 
(V) Vmax (CCl,) 1670 cm-l, in which proton topology and 
configuration could be rigorously assigned by 100 MHz 
n.m.r. decoupling and europium shift studies.4 Hydrolysis of 
(VI-OAc) in turn gave the alcohol, m.p. 69-71', oxidized 
by Cr0,-C,H,N to the tetracyclic ketone (VII), Vm&x (CCl,) 
1707 cm-l. Structure (VII) was fully consistent with n.m.r. 
studies whereby HA was characterized by its highly shielded 
position (6-0-16) and its high slope in europium shift 
analysis, as required by its proximity to the carbonyl 
group., 

When labelled monodeuterio (IIIa-PNB) was acetolysed 
for 16 h and the products were oxidized to the corresponding 
ketones as described above, the deuterium distribution in 
the ketones could be established by n.m.r. as follows: 
monodeuterio-(V) equally labelled at both bridgehead 
carbons, monodeuterio-(VII) labelled equally a t  the bridge- 
head and the cyclopropyl position as shown. 

On this evidence, the acetolysis of (IIIa-PNB) appears to 
involve stereospecific homoallylic participation to yield the 
presumed tetracyclic intermediate (VIII) which undergoes 
twofold symmetrization (as required by the deuterium distri- 
bution) probably by rapid equilibration with the tricyclic 
allylic cation (IX) prior to discharge by solvent. This 
hypothesis is in accord with the finding that both (VI-PNB) 
and (IV-PNB) yield on kinetically controlled acetolysis 
substantially the same distribution of three acetates as that 
observed from (IIIa-PNB). 

The dramatic stereospecificity in these acetolyses and 
complete absence of crossover products (under kinetic 
control) 7 clearly exclude any role by the sp2-hydridized 

cation (X) in these solvolyses and directly implicate T- or cr- 
participation prior to product formation. Although homo- 
allylic v-participation appears sterically as feasible for 
(IIIa-PNB) as for (IIIs-PNB), such participation alone 
cannot account for the contrasting behaviour observed. We 
suggest that the differing reaction pathways may originate 
from greater cyclopropyl a-participation in solvolysis of 
(111s-PNB) than in that of the anti-epimer, (IIIa-PNB). If 
one projects the substituents on C-2 relative to a plane 
normal to and bisecting the plane of the cyclopropyl ring 
(c-. XI) i t  becomes clear that the ionization of the syn- 
substituent Rsgn produces a vacant orbital (shaded in XII) 
in optimum steric relationship for cyclopropyl participation.6 
For ionization of an anti-substitutent, Ranti, the geometry is 
less favourable for cyclopropyl interaction and a major role 
in charge delocalization is then assumed by back-side 
participation of the homoallylic v-bond. 

7 Although more stable than the corresponding p-nitrobenzoates, both (111s-OAc) and (IIIa-OAc) slowly isomerize in refluxing acetic 
acid with half-lives of ca. 4-5 h and 12 h, respectively, to  yield the characteristic mixture of (IV-OAc) (two epimers) and (VI-OAc) in 
approximately 3 : 1 ratio. 
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