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Summary: The title compounds solvolyze in 80% ethanol 
a t  25 "C 103-104 times faster than predicted from the 
inductive effect of the carbonyl group, providing the first 
example of the through-bond interaction of the @-carbonyl 
lone pair with the cationic p orbital. 

Sir: Many examples have been reported on the through- 
bond stabilization of incipient carbocations by the lone-pair 
electrons of amino nitrogen which is attached to the C(3) 
position (Scheme I).I On the other hand, there has never 
been described the similar stabilizing effect of a carbonyl 
lone pair (Scheme 11), although its n-n orbital interaction 
in 1,2- and 1,Cdiketones through Q bonds2 has been at- 
tracting the interest of theoretical chemists. We now re- 
port the first example indicating that a @-carbonyl group 
positioned in an antiperiplanar arrangement with respect 
to the cationic p orbital behaves as an n donor. 

Previously, we reported that the rate of solvolysis of the 
bicyclo[ 2.2.21oct-1-yl system is decelerated by the oxo or 
methylene substituent on the C(2) position by a respective 
factor of or 103.9 in ethanol a t  25 0C.3 Since the T 

system is essentially perpendicular relative to the devel- 
oping cationic p orbital, these decelerating effects have 
been ascribed to the purely inductive effect of the oxo and 
the methylene substituent at the C(2) po~i t ion.~ With a 

O X  x 
= (EtOH, 25 "C) @I& 

3 I 

H z C d  n 
= 10-3.9 (EtOH, 25 "C) 

view to determining their attenuated inductive effects, the 
%oxo and 3-methylene derivatives 5-7 have been syn- 
thesized and their rates of solvolysis in 80% ethanol and 
products of methanolysis determinedP The rate data for 
1-7 are summarized in Table I. 
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Scheme I 

A marked difference is evident in the manner of atten- 
uation of the inductive electron-withdrawing effect of the 
methylene and the oxo group. The oxo group on the C(2) 
position is markedly more electron withdrawing than the 
methylene group, as evidenced by the rate ratios of 
for 311 and 10-3.9 for 412 in 80% ethanol a t  25 "C. Sur- 
prisingly, when the oxo or the methylene group is attached 
to the C(3) position, their rate-decelerating effects are 
comparable, as indicated by the rate ratios 10-2.3 for 5 /  1 
and 10-2.2 for 712. A comparison of the rate of %oxo- 
bicyclo[2.2.2]oct-l-yl triflate (6) with that of the 3- 
methylene derivative 7 results in a rate ratio of 2.3 for 617. 
This ratio increases to 6.2 in ethanolysis a t  25 oC.6 Ap- 
parently, the 3-oxo substituent is less electron withdrawing 
than the 3-methylene substituent toward the cationic 
center. 

More quantitative evaluation of the unexpectedly fast 
rate of 5 is provided by locating the rate ratios 5/1  and 
712 against 3/ 1 and 412, respectively, in a logarithmic plot 
of the rate ratios 8 /  10 against 9/ 10 (Figure 1).6 The rate 
data in 80% ethanol of the p-nitrobenzenesulfonates 8 and 
9 have been reported by Grob and his co-workers for 10 
substituents, and their rates have been found to be con- 
trolled by the inductive effect of the substituent R.7 

& & &  ONs ON5 ONs & & &  ONs ON5 ONs 
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As Figure 1 shows, the point for the methylene deriva- 
tives is fairly well accommodated to the plot, indicating 
that the methylene group may be treated as an ordinary 
electron-withdrawing substituent. On the contrary, the 
point for the oxo derivatives significantly deviates upward. 
The upward deviation is most reasonably attributed to the 
unexpectedly fast rate of 5. The deviation from the re- 
gression line indicates a rate enhancement of 104.2 in 80% 
ethanol a t  25 "C. When a straight line passing through 
the points for R = H and methylene is used (see Figure 
l ) ,  the enhancement is evaluated to be 102.8. When the 
rate ratio 612 is plotted in the place of 5/ 1, the acceleration 
of 6 is evaluated to be 103.3-104.7. Since the 3-oxo sub- 
stituent does not appear to exert any steric acceleration, 
the above rate enhancement of 103-104 should be electronic 
in origin. As the most probable contribution, we propose 

(5) The k,'s for 6 and 7 in ethanol containing 0.025 M 2,6-lutidine a t  

(6) The rate ratios were employed with a view to canceling out the 
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25.0 "C are 1.06 X lo4 s-* and 1.72 X lob s-', respectively. 

effects of the methyl substituents and the leaving group. 
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Table I. The Rates of Solvolysis of Various Bicyclo[2.2.2]oct-l-yl Triflates in  80% Ethanol at 25.0 OCn 
relative rates compdb k1, AH*, kcal/mol AS', eu 

1 6.0 X 19.4 5.4 1.0 
2 1.5 X 18.8 1.0 1.0 
3 4.5 x 10-'0c 30.6 1.3 10-QJ 
4 1.99 x 10-5 24.5 2.0 

6 2.43 x 10-3 21.1 0.2 10-1.8 2.3 
7 1.06 x 10-3 21.8 0.9 10-2.2 1.0 

Buffered with 0.025 M 2,6-lutidine. bThe crude, but essentially pure, liquid triflates 5-7 were used without purification after identifi- 

10-3.8 
5 2.92 x 10-3 20.9 0.0 10-2.3 

cation by 'H and 13C NMR. For other triflates, see ref 3. Extrapolated from data a t  other temperatures. 
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Figure 1. A plot of log k1(8)/k1(10) vs log k,(9)/k1(10) for the 
solvolysis in 80% ethanol at 25 "C. The closed circles indicated 
by =O and =CHP stand for the plots of log k1(5)/k1(1) vs log 
k1(3)/k1(1) and log k1(7)/k1(2) v8 log k1(4)/k1(2), respectively. For 
the rate data of 8-10, see ref 7. 

the through-bond electron donation from the carbonyl lone 
pair to the developing cationic p orbital. 

A piece of evidence indicating the weakened C(2)-C(3) 
u bond (Scheme 11) has been provided by the formation 
of the fragmentation product 12 (9% ) besides the normal 
substitution product 11 (91 %) in methanolysis a t  25 "C 
in the presence of excess 2,6-l~tidine.~ 

Scheme I1 
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Nonintervention of the carbonyl addition of solvent was 
evidenced by no incorporation of '80 in the carbonyl group 
of the produced methyl ether 11 when solvolysis was 
conducted in 90% methanol -10% H2180 (27 atom % lag) 
in the presence of excess 2,6-lutidine for 10 half-lives a t  
25 0C.9 Possible enolization of the substrate 5 prior to 
ionization was also refuted by no incorporation of deu- 
terium (<5% by 'H NMR) in the C(2) position of the 
product 11 (methyl-d3 ether) from solvolysis in metha- 
nol-d,. 

In conclusion, the present rate and product studies in- 
dicate for the first time the through-bond stabilization of 
a carbocation by the 8-carbonyl lone pair in the antiper- 
iplanar arrangement. A study concerning whether the 
antiperiplanar arrangement would be a prerequisite con- 
dition is under way. 
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(8) A similar fragmentation has been reported for the reaction of 
4-methyl-3-oxobicyclo[2.2.2]od-1-yl tosylate with titanium tetrachloride 
to give 4-methylene-1-methylcyclohexanecarbonyl chloride in trace 
amounts: Kraus, W.; Griif, H.-D. Angew. Chem. 1975, 87, 878. The 
methanolysis of 7 gave the corresponding methyl ether a~ a single prod- 
uct. 

(9) Investigation of the M + 2 peak in a mass spectrum of 11 showed 
0.5% exchange if any. A preliminary examination on 11 enriched at the 
carbonyl oxygen (27 atom % l80) showed no exchange of the oxygen 
during workup. 


