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the electron-withdrawing inductive effect of the phenyl 
group,2a-4a-b-10 the state of hybridization of the electron-defi
cient orbitals,2a '4a 'bJ0 the combination of large H O M O -
LUMO separations and low p coefficients for the unoccupied 
MO's,13 and further delocalization of positive charge in 4a to 
other positions.15 
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Solvolysis of 9-Aryl-9-pentacyclo[4.3.0.02'4.03'8.05-7]-
nonyl p-Nitrobenzoates. Unambiguous Evidence for the 
Presence of Carbon Participation by the Application of 
the Tool of Increasing Electron Demand 

Sir: 

The rates of solvolysis of 9-aryl-9-pentacyclo[4.3.-
0.02-4.03'8.05'7]nonyl p-nitrobenzoates with representative 
substituents in the aryl ring reveal major 7ro--participation with 
increasing electron demand at the cationic center. Moreover, 
the very low methyl/hydrogen (127) and phenyl/methyl (14) 
ratios realized in this system are indicative of a transition state 
stabilized by carbon participation resulting in little demand 

Table I. Solvolysis of 9-Aryl-9-pentacyclo[4.3.0.02-4.03-i,.05-7]nonyl 
p-Nitrobenzoates and Related Derivatives in 80% Aqueous 
Acetone 

Substi
tuent 

in aryl0 

P-CH1O* 
p-H 
P-CF3'-
3,5-

(CF3J2" 
9-CH3 

9-H 

1 O 6 K I 1 S - ' 
T1 T2 

97.6 (50) 
486(100)45.7(75) 
516(125)57.3 (100) 
399(150)56.5(125) 

834(125)84.2(100) 
94.9(150) 11.4(125) 

25 0 C 

5.05 
0.123'' 
8.59 X 10"3 e 

8.57 X IO- 4 ' ' 

8.62 X 10"-1'" 
6.79 X IO"5 ' ' 

Atf*, 
kcal 

mol - 1 

22.1 
23.8 
25.3 
25.6 

26.5 
27.8 

AS*. 
eu 

-8 .7 
-10 .2 
-10.3 
-14 .2 

-6 .6 
-11.9 

" All new compounds gave satisfactory spectral and microanalytical 
data. * Mp 145.5-146 0C. ' Mp 146.5-147 0C. d Mp 164-164.5 0C. 
'' Calculated from data at higher temperatures. 

by the developing carbonium ion center for further stabilization 
by the substitutents. Thus these results establish that the 
Coates' cation is formed with 7ro--participation supporting his 
conclusion that the intermediate is a carbon-bridged (non-
classical) cation. 

The tool of increasing electron demand has unambiguously 
proven the presence or absence of ir-, TTCT-, and ^-participation 
in representative systems where such participation could be 
significant in solvolytic behavior.1 The solvolysis of the parent 
9-pentacyclo[4.3.0.02-4.038.05'7]nonylp-nitrobenzoate (1, R 
= H) proceeds 10 I0-1012 times faster than the related 7-nor-
bornyl derivative (2).2-3 This major rate enhancement was 

'S IS 
1 2 

attributed to participation by the remote cyclopropane bond 
leading to the formation of a trishomocyclopropenyl cation 
(3).2 Moreover, the solvolysis regenerates the parent alcohol 

in which the degenerate rearrangement has been demon
strated.24 It was of major interest to test whether the tool of 
increasing electron demand could establish the presence of 
7nT-participation in such a system. 

Accordingly, 9-aryl-9-pentacyclo[4.3.0.02'4.03'8.05J]nonyl 
p-nitrobenzoates containing representative substituents in the 
aryl ring (1,R = X-C6H4-: X = />CH 3 0 , p-H, /J-CF3, 3,5-
(CF3)2) were synthesized by the addition of the appropriate 
Grignard reagents to the ketone (4).5 The tertiary alcohols (5) 
were converted to the/j-nitrobenzoates by treating their lith
ium salts with p-nitrobenzoyl chloride. The rates of solvolysis 
of the esters were determined in 80% aqueous acetone by the 
standard titrimetric procedure.6 For comparative purposes, 
the rates of solvolysis of the secondary ester (1, R = H) and the 
tertiary methyl ester (1, R = CH3) were also measured in this 
solvent. The pertinent rate data are summarized in Table I. 

The aryl derivatives (6) reveal an excellent p+a+ relation
ship.7 The system yields a p+ of —2.05 (correlation coefficient 
0.999). This is comparable with the p+ observed in the sol-
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Table II. Comparison of the Rates of Solvolysis of 
9-Pentacyclo[4.3.0.02-4.03-8.05'7]nonyl p-Nitrobenzoates with the 
Corresponding 7-Norbornyl Derivatives 

Substituent 

P-CH3O 
p-H 
P-CF3 
3,5-(CF3)? 
CH, 
H 

V 
(taken as 

unity) 

1.00* 
1.00* 
1.00* 
1.00* 
1.00* 
1.00' 

Relative Rate 

1 

159 
5.85 X 103 

4.90X 106 

3.47 X 108 

9.3 X 107 

9.8 X 1013 

" Reference 8, 9. * Corrected from 70% dioxane to 80% acetone.9 

' Corrected from tosylate in acetic acid to p-nitrobenzoate in 80% 
acetone.9 

RMgX 

•th«r 

H-BuLi1THF 
P-NOyC1H4COCI 1 

1 
volysis of 7-norbornenyl derivatives (7) where ir-participation 
is significant,8 and much larger than p + for 7-norbornyl (8). 
Hence the 7Tff-participation from the cyclopropane ring is a 
linear function of the electron demand of the incipient carbo-
nium ion center. 

Ar^ ^OPNB 
Ar. B 

P+ -2.05 -2.30 -5.27 

The rates of solvolysis of 1 are compared with the 7-nor
bornyl p-nitrobenzoates (2)8-9 and are listed in Table II. The 
relative rate data reveal that with increasing electron demand 
at the cationic center the rates of solvolysis of the pentacyclic 
derivatives (1) increase markedly relative to the rates of the 
corresponding 7-norbornyl derivatives (2). 

It is interesting to note that very low 9-methyl/9-hydrogen 
(127) and 9-phenyl/9-methyl (14) ratios are evident in this 
system (Table I). These values should be compared with the 
very large methyl/hydrogen (1.23 X 108)10 and phenyl/methyl 
ratios (2.3 X 10 5 )" observed in the solvolysis of the parent 
7-norbornyl derivatives. The low methyl/hydrogen and phe
nyl/methyl ratios can be attributed to the fact that the cation 
is so stabilized by ira-participation that it makes relatively little 
demand upon substituents for further stabilization. Similar 
diminished methyl/hydrogen (42O)'2 and phenyl/methyl ra
tios (9.5)" are also observed in the solvolysis of 7-norbornenyl 
derivatives (7) where the solvolysis proceeds through ir-part
icipation. 

The major product of solvolysis of 9-phenyl-9-pentacy-
clo[4.3.0.024.03 '8.057]nonyl/>nitrobenzoate (1, R = Ph) in 
80% aqueous acetone at 75 0 C after ten half-lives is the un-
rearranged tertiary alcohol (95%). The solvolysis also furnished 
a minor amount, 5%, of the secondary alcohol. 

In conclusion, both the application of the tool of increasing 
electron demand and the low methyl/hydrogen and phenyl/ 
methyl ratios observed in the solvolysis of 1 unambiguously 
support the earlier conclusion that the solvolysis of this system 
proceeds with carbon (7r(j)-participation. However, it should 
be pointed out that the application of the same criteria to 2-
norbornyl fails to reveal such participation under solvolytic 
conditions.1314 
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Reduction of Excited Singlet State Acetone 
by 2-Propanol 

Sir: 

While the intermediacy of the rnr* triplet states (Ti) of al-
kanones in their photoreductions by hydrogen donors is well 
established, less is known about the reactivities of the corre
sponding mr* singlet states (Si). Theory12 predicts similar 
reactivities for Si and Ti, in keeping with the quenching of 
adamantanone fluorescence by hydrogen donors.3 The Si re
action may be less efficient, however, since ground state educts 
and radical pair product lie on a common energy hypersurface, 
and return to the ground state can compete with radical pair 
formation.12 Wagner's finding of no4 or only little5 2-propanol 
formation during reaction of excited acetone with tributyl-
stannane under conditions where only Si should react may 
point to a low efficiency of the Si reaction. However, this ex
planation conflicts with the unit quantum yield of 2-propanol 
formation under conditions where both Si and Ti states of 
acetone react with the stannane.45 

Extending our studies6 on the acetone/2-propanol photo-
system we have now observed the formation of the photore-
duction product pinacol from a singlet reaction of excited ac
etone, and confirm that Si and Ti states are about equally 
reactive towards 2-propanol. 

Samples (560 pi) of three different reaction mixtures con
sisting of (a) 5 M 2-propanol plus 5 M 2-propanol-^6 in di-
tert-butyl peroxide, (b) 1 M acetone plus 10 M 2-propanol-£?6 
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