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THE RELATIVE MERITS OF 6r9C BISHOMOAROMATIC AND 107113C LONGICYCLIC STABILIZATION 
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Swnmary The behavior of tncyclo[4 4 3 0 1'6]tridecapentaenyl and trlcyclo[4 4 3 01y61trldeca- 

2,4,11-tnenyl cations under short- and long-life conditions 1s described 

The concept of two-dzmenszonai! charge delocallzatlon (homo-, blshomo-, and trlshomo- 

aromatlclty)' and Its more recent generallzatlon to three-dimenszonal topologies (bicycloaro- 

matlclty)3 have elicited high interest among physical-organic chemists Although several homo- 

aromatic cations have been well characterized, current oplnlon 1s unsupportlve of comparable 

2C,& 5 
delocallzatlon in neutral molecules and carbanlonlc systems The situation 1s much less 

6 
clear-cut for blcycloaromatlc ions Thus, additional studies are clearly warranted to gain 

proper perspective on the relatlonshlp between three-dlmenslonal topology and beneficial or 

untoward charge delocallzatlon 

In this connection, we have prepared the progressively unsaturated tricyclot4 4 3.0 
196 

I- 

g, R=H ; h,, R = COC&(NO& ; E, R= CH3 
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tndecanols 2-E and carried out the solvolysis of their 3,5-dinitrobenzoates (E-$) Our 

interest in the ionization behavior of ,$ stems from the possibility that the resulting cation 

may adopt bishomotropyllum character (cf. z) or command interaction among all three bridges as 

in 6 in order to avall itself of bicycloaromatic stabilization 
\ 

The carbocatlons resulting 

from $ and 2 (and to a lesser extent L) were to serve as appropriate points of reference 

Titnmetnc solvolys~s rates, determlned at four or more temperatures 

by the aliquot method, showed good first-order behavior throuqhout Since 

invariably agreed well with the calculated values, internal return to less 

benzoates proved not to be a complication While lb and 4b were converted 
YAJ 'v\, 

in 80% acetone-water 

the infinity titers 

reactive 3,5-dlnltro- 

uniquely into la and 
2n, 

4a, respectively, under these conditions, 2b and 3b were transformed into an essentially lden- 
VU 'v\r V-L 

tical 10 1 mixture of 2a and 3a Solvolys~s of lb-4b In methanol containing 2,6-lutldlne gave 
Q/-L VL W-UZIL 

only the methyl ethers (2c 3c = 85 15), the absence of alcohols slgnallng the exclusive opera- 
%V-i, 

tion of alkyl oxygen cleavage 

The rate data compiled in Table I reveal that neither l$ nor 3 react as fast as {' at 

75 "C On this basis, the presence of an added fused cyclohexane ring clearly exerts a small 

Table I Kinetic Data for 3,5-Dinitrobenzoate Solvolys~s in 80% Aqueous Acetone 

compd 

k x 10' set-', Afi25,,C, As*250C, AG+ 
25°C' k rel 

75°C kcal/mol e" kcal/mol 75°C 

lb 0 95 27.8 +o 1 27 8 1 

2b 37 4 25 4 -1 5 25 9 39 

3b 0 39 30 5 +4 0 29 3 04 
VX. 

4b 7 40 24 6 -5 3 26 2 78 

H. ODN B 

& / H 3 42a 36 
H 

5 

aData taken from reference 8 for the p-nitrobenzoate and adJusted on the basis of the relatlon- 

ship koNDB/koPNB = 6 [Schleyer, P von R , van Dine, G W J Am Chem Sot. 1966, 88, 2321, 

footnote z of Table I]. 

rate-retarding effect upon ionization. More enlightening with regard to the development of 

long-range delocallzatlon are the solvolys~s results for the eplmenc pair &b/a The ca 
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X 

G= I 
I 

6 
lOO-fold relative rate acceleration 

rate-determining step This value, 

0 / cb 

observed for ,2$ indicates substantial participation in the 

which can be compared to the slgnlflcantly smaller exo/endo 

rate ratio of 12 for the dlhydroindenyl derivatives (< and its eplmer)' corresponds to a sub- 

stantial difference in the barrier to ionization. The greater reactzvity of 2b 2s suztably zn 
,vlJ 

tine wzth the development of bzshomotropylzum cation character z.n the transition state. 

The kinetic response of 4b is 5 times slower than that of 2b These results suggest that 
W-L 

blshomotropylium ion 5 and not the blcycloaromatlc species 6 1s being generated under short- 
% % 

lived condltlons The relative rate of 2 correlates well with that of 2b after proper allow- 
1/\, 

ante for the adverse inductive effect of the second 1,3-cyclohexadiene moiety and the increased 

conformational rigidity which it imposes (see below). 

Since ,2& and 3$ give rise to identical product dlstrlbutlons within experimental error, 

the syn isomer likely experiences an ally1 + b~shomotropylium electronic reorqanlzatlon after 

rate-determining ionization In an attempt to observe such cations under long-life condl- 

tlons, la_-% were examined in superacid media Unfortunately, g-3 proved exceptionally prone 

to polymerization under such conditions 

Alternatively, a distinction between cations of type 2 and t under grow&state czrcum- 

stances was sought through protonatlon studies on 8-10 
%'vlr 

Their 300 MHz lH NMR spectra were 

recorded in FSO,H-S02C1F-CD,Cla solution at -80°C. The data reflect the Incursion of a large 

electronic change in progressing from Q-H+ (Ho, 6 6.72; Hg, 6 9 02) to z-H+ (Ha, 6 7.20, HB, 6 

8.63), in complete agreement with the development of 679C charge delocalization The distinc- 

tion between ,9-H+ and g-H+ (Ha, 6 7 43, HB, 6 8 76) 1s much smaller (note downfield shift of 
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Hsl) and congently interpretable in terms of appreciably altered inductive and conformational 

influences 

Our failure to observe longlcyclic stabilization in the cations derived from ,4$ (short- 

life) and x (long-life) likely arises from the need to tilt the three-carbon bridge toward that 

cyclohexadiene rinq with which through-space interaction occurs in order to maxlmlze blshomocon- 
9 

Jugative orbital overlap The consequence of this geometncal dlstortlon away from czv ln 2 1s 

simply to isolate the second set of dlene fragment orbltals 

In these terms, one can appreciate that the more negative entropy requirements encountered 

in the ionization of E arise in large part because of the higher level of structural constraint 

present in Its ground state and the added resistance encountered In flexing one cyclohexadienyl 

bridge toward the lnclplent cationlc center ln the activated complex (a difference also encoun- 

tered with $ and i) Due to the highly vaned conformatlonal degrees of freedom in A-$, there- 

fore, direct comparison of A$ (3$ - ~ lb) versus A$ ($ - 2) as a possible measure of cyclo- 

hexadlenyl inductive effects 1s lnapproprlate 
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