
Tetrahedron Letters,Vol.29,No.8,pp 873-876,1988 0040-4039/88 $3.00 + .OO 
Printed in Great Britain Pergamon Journals Ltd. 

EVALUATION OF THE in-CONJUGATIVE EFFECT OF THE 2-METHYLENE AND THE 2-0X0 SUBSTITUENT ON THE 

STABILITY OF CARBOCATIONS IN THE SOLVOLYSIS OF BICYCLIC BRIDGEHEAD DERIVATIVES 

Ken'ichi TAKEUCHI,* Fumio AKIYAMA, Keizo IKAI. Tadashi SHIBATA, and Midori KATO 

Department of Hydrocarbon Chemistry, Faculty of Engineering. 

Kyoto University, Sakyo-ku, Kyoto 606, Japan 

Abstract. The incipient 2-methylenebicyclo[3.2.2] non-l-y1 cation is stabilized by allylic 
conjugation by 4 kcal/mol compared with the more rigid 2-methylenebicyclo[2.2.2]oct-l-y1 
cation. In contrast to this, no appreciable stabilization due to carbonyl s-conjugation was 
detected in the 2-oxobicyclo[3.2.2]non-l-y1 cation, indicating unimportance of s-conjugative 
stabilization in tertiary a-keto cations. 

The cyano and carbonyl groups are strongly electron withdrawing (-I). However. in recent 

years considerable experimental and theoretical efforts have been made in evaluating the IT- 

conjugative electron donation (+M) of these substituents toward cationic carbon (schemes 1 

and 2).' As for the effect of the cyano substituent. solvolytic studies have been success- 

fully applied, suggesting the conjugative nature between the cyano moiety and the cationic 

center (scheme l).la*b 
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Scheme 1 Scheme2 

On the other hand, the solvolyses of a-keto substrates are hampered by various factors. 

First, the carbonyl group that is activated by a strongly electron withdrawing leaving group 

often undergoes carbonyl addition of solvent prior to solvolysis. lcg2 Secondly, the rate of 

solvolysis might be accelerated by participation of carbonyl oxygen positioned at the oppo- 

site side of the leaving group3 andlF2;ucleophilic solvent assistance toward the highly 

electron deficient reaction center. ’ Thirdly, when the rate of a tertiary a-keto sub- 

strate [R1R2CX-C(=O)R3] is compared with that of a secondary alkyl substrate (R1R2CX-H) with 

a view to evaluating the electronic effect of the carbonyl group in comparison with that of 

hydrogen. lc the rate of the former might involve enhancement by increased steric strain in the 

ground state.' Fourthly, the substrate should not form enols during solvolysis. Therefore, 

in order to detect the carbonyl n-conjugative effect in solvolytic reactions, it is essential 

to utilize a system which is free from the above undesirable contributions. 

The bridgehead substrates containing the 0x0 substituent at a vicinal position are free 

from carbonyl oxygen participation and nucleophilic solvent assistance from the rear side of 

the bridgehead carbon. In addition, with increase in the ring-size, the structure becomes 

more flexible and more susceptible to n-conjugation. with the steric circumstances around the 

reaction center essentially unchanged. With this in mind. we examined various systems and 
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found that the E-oxobicycloalkyl triflates 1 and 6 show typical SNI behaviors. 5.6 In order 

to confirm that the increased flexibility can enhance s-conjugation. it was also desired to 

examine the rates of solvolysis of the corresponding P-methylene derivatives 2 and 7. Unfor- 

tunately, we were unable to synthesize 2. Therefore, the compound 3 was prepared and subject 

ed to solvolysis. The n-conjugative effect on the carbocation stability was evaluated by 

comparing the rate ratio k(7)/k(9) with k(3)/k(5) for the E-methylene (or allylic) systems 

and k(6)/k(8) with k(l)/k(4) for the 2-0~0 (or o-keto) systems. 

’ & ‘H& ‘(hJ4 & 5 
OTf OMs OTf &is 

6 7 6 9 

The 2-0~0 and 2-methylene bridgehead triflates (1, 3, and 6) and mesylate 7 were derived 

from the corresponding 1.2-diols which were prepared via acylative ring-expansion of bridge- 

head aldehydes following our previously reported method.7'8 The rates of ethanolysis were 

determined for the triflates or mesylates at 25.O"C. The rate of 8 was expected to be too 

fast to measure: therefore, it was estimated from the rate of 9 by using the rate ratio 

kOTf'kO"s = 1.41~10~ determined for the ethanolysis of 1-adamantyl triflate and mesylate at 

25.O"C.9 The rate data are summarized in Table 1. 

Table 1. The Rates of Ethanolysis of Various Bridgehead Triflates and Mesylates.a 

substrate k,/s-' AH* AS+ 

No. mp/"Cb 25.O"C 5O.O"C 75.O"C kcalmol-' eu 

1 111.5-112 3.90x10-l'c'd 31.2 -1.4 

3 oil 2.96xlO-7c 1.09x10-5 2.40~10-~ 27.1 2.3 

4 oil 8.99x10-3e 

5 oil 2.14~10-~~ 

6 48-50 3.74xlo-7 1.10x10-5 25.3 -3.1 

7 62.5-63.5 7.17x10-6 l.86xlo-4 24.3 -0.4 

8 - 67f 

9 oil 4.75xlo-5g 23.5 0.5 

"The rates were determined for 0.02M substrates in the presence of 0.025M 2,6-lutidine 
by titrating the generated acid with O.OlM KOH-EtOH in acetone to bromcresol green - 
methyl red end point. bThe highly unstable liquid triflate 3. 4, and 5. and mesylate 
9 were used without purification after being identified by f 3C NMR. The other new com- 
pounds showed satisfactory spectral and analytical data consistent with the proposed 
structures. cExtrapola ed 
kl at 125.O"C, 5 

from data at other temperatures. 
2.81~10~ s-l. eDetermined conductimetric 

dkl at lOO.O"C. 1.90x10-6s-1: 

fEstimat d y multiplying kl of 9 by a factor of 1.4lxlD 8 
lly for ca. 5x10s4M substrate. 

1.15x10-~s-~_ 
(see text). gkl at O.O"C+ 
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The E-methylene derivative 3, where the w system is essentially perpendicularly oriented 

relative to the developing cationic p orbital. solvolyzes slower than the parent compound 5 

by a factor of 10 
3.9 

. This value is comparable with that (104'2) determined for the acetoly- 

sis of 2-methylene-I-adamantyl and I-adamantyl tosylates. the former solvolyzing slower than 

the latter." Since allylic conjugation is prohibited in the adamantyl system for geometric 

reasons, this deactivating factor of ca. IO4 has been ascribed to the purely inductive effect 

(-1) of the methylene group." In the more flexible bicyclo[3.2.2]non-l-y1 system, the 2- 

methylene derivative 7 solvolyzes slower than the parent compound 9 by a much smaller factor 

of 1oOm8. The gain of 103" (= lo3~g/loo~8) 1 which corresponds to ca. 4 kcalmol-', is rea- 

sonably attributed to the increase in allylic conjugation in the incipient carbocation from 7. 

It has been reported that when a fully conjugated allylic carbocation intermediate is formed, 

E-methylene (or allylic) compounds solvolyze faster than unsubstituted model compounds by a 

factor of lo2 - 102*8.11 Consequently, we estimate that the allylic conjugation is about 50% 

attained in the incipient carbocation from 7. 

On the contrary, the rate ratio k(l)/k(4) of 10-8'4 . IS essentially identical with the ratio 

k(6)/k(8) (= 10-8'3).6 A reasonable interpretation of the marked contrast to the case of 2- 

methylene systems is that the a-conjugative stabilization may be unimportant in the incipient 

tertiary a-keto cation from 6. It has been proposed that n-conjugative stabilization of 

tertiary a-keto cations might amount to a solvolysis rate factor of IO4 
_ ,05 12.13 . If this 

is the case, the rate ratio k(6)/k(8) IS expected to be greater than k(l)/k(4) by a factor of 

IO2 in the light of realization of 50% allylic conjugation in the solvolysis of 7. 

The SW1 nature of the solvolyses of 1 and 6 was provided by nicely linear mYOTf relationsI 

in AcOH, EtOH, aq. EtOH (80, 60, and 50X), MeOH, and HC02H (1; m = 0.73, r = 0.996: 6; m = 

0.77, r = 0.997).15 The products from the methanolysis 

2,6-lutidine were mostly rearranged. The major product 

[2.2.l]heptane-I-carboxylate (11) (93%). accompanied by 

hand, 6 gave I-(methoxymethyl)bicyclo[3.2.l]octan-2-one 

The predominant formation of the rearrangement products 

of 1 and 6 in the presence of excess 

from 1 was methyl 7,7-dimethylbicyclo- 

10 (2.7%) and 12 (4.3X). On the other 

(15) (82X). 13 (17%). and 14 (1.0%). 

indicates marked destabilization of 

the 2-0~0 substituted bridgehead carbocations 

of 1 and 6, the P-methylene compounds 3 and 7 

tution products. 

__ 
from 1 and 6.16 In contrast to the behavior 

gave only the corresponding bridgehead substi- 

We are now extending the present methodology to 

bicyclodecyl systems: the results will be reported 

do#Jlc dlip.lc 
14 (1.0%) 15 (82%) 

other bicyclooctyl, bicyclononyl, and 

in a full paper. 
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