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Remote and Proximate Substituent Effects on
Trishomocyclopropenium Ion Formation in the
Solvolysis of Methyl and Phenyl Substituted
9-Pentacyclo[4.3.0.024.03:2,057nonyl p-Nitrobenzoates
Sir:

The significance of substituent effects upon the rate of for-
mation of nonclassical carbonium ions in solvolysis reactions
has been subject to considerable debate in spite of the large
amount of kinetic data which has been obtained for this pur-
pose.!~> Major uncertainties arise in many cases from the in-
cursion of steric, conformational, and other extraneous effects
which may accompany substituent changes and the trouble-
some possibility that the structure of the carbonium ion in-
termediate may be seriously altered as well. We wish to report
the results of an investigation on the solvolysis of 9-pentacy-
clo[4.3.0.024.0°%.0%7]nonyl p-nitrobenzoates (1-OPNB and
2-OPNB) bearing methyl and phenyl substituents at the 2 and
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2b, ¢

HO H

ad, + 2b, ¢

3b, ¢
a1b —2b:HCO,H, 10 °C, 13 h; OH™ (~30%). 21c— 2¢:0.1 M
HCl0,, 80% aqueous dioxane, reflux, 8 h (73%). ¢ CrO,-C,H,N,
CH,CL,. 9 LiAlH,, ether.

9 positions. Since the formation of nonclassical trishomocy-
clopropenium ions from compounds of this type is well estab-
lished both under solvolytic® and stable ion®® conditions and,
in the case of the unsubstituted parent (1a-OPNB), is attended
by a kinetic enhancement of 10'9-!2 from cyclopropane par-
ticipation in the solvolysis,®? this seemed to be a propitious
structural environment in which to evaluate remote and
proximate substituent effects on trishomocyclopropenium ion
formation.”#

The secondary pentacyclic alcohols 2b and 2¢ were secured
by means of acid-catalyzed homocyclopropylcarbinyl rear-
rangement of the previously reported tertiary isomers, 1b and
1c, respectively.®b The structures (2b and 2¢) assigned to the
rearrangement products are supported by appropriate NMR
spectral data, including in particular the appearance of a
quartet for the carbinyl protons at C-9 (vicinal coupling to H
and Hg and long range coupling to Hs)%2 and the observation
that kinetically controlled solvolyses of the corresponding p-
nitrobenzoates regenerate the original tertiary alcohols as the
major products (see below). Independent evidence which af-
firms the anti stereochemical relationship between the sub-
stituent and the hydroxyl group derives from the finding that
lithium aluminum hydride reduction of the corresponding
ketones affords epimeric alcohols as major products (3b:2b =
2:1; 3¢:2¢ = 3.4:1).

Solvolysis of either of the two methyl substituted p-nitro-
benzoates 1b-OPNB (mp 142-143.5 °C) and 2b-OPNB (mp
115-116.5 °C) in 65% aqueous acetone at 100 °C furnishes
the same 80:20 mixture of tertiary and secondary alcohols
(70-75% isolated yield). In a similar manner, solvolysis of the
tertiary phenyl substituted p-nitrobenzoate 1¢-OPNB at 80
°C produced a 94:6 mixture of tertiary and secondary alcohols.
Since it was found that this product ratio varied with temper-
ature, direct comparison of the product ratios for the solvolysis
of the tertiary and secondary phenyl substituted p-nitroben-
zoates, 1¢-OPNB (mp 162.5-164 °C) and 2¢-OPNB (mp
113-115 °C), was done at 125 °C. At this temperature, both
isomers produced a 78:22 mixture of tertiary and secondary
phenyl substituted alcohols. That these isomer ratios represent
the kinetic product distributions was verified by GLC and/or
LC analyses during the course of the solvolyses.?

The formation of the same product ratios from either ter-
tiary or secondary p-nitrobenzoates in both the methyl and
phenyl substituted pentacycles indicates common trishomo-
cyclopropenium ions 4b and 4c¢ as intermediates. Since these
ions possess two enantiotopic secondary positions, the terti-
ary:secondary capture ratios for 4b and 4c¢ are 8:1 at 100 °C
and 7:1 at 125 °C, respectively.
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Table 1. First-Order Rate Constants and Relative Rates for the Solvolysis of Methyl and Phenyl Substituted 9-Pentacyclo[4.3.0.02:4.0%8.057]

nonyl p-Nitrobenzoates and Related 7-Norbornyl Compounds

Compd R 10 k (s ke (R/H) kre™s (1/5)
R OPNB 1a-OPNB H 25 6.62 x 10-1°b (1.0) 1ote-t?e
1b-OPNB CH, 100 5.87 X 10~
80 7.78 X 107
25 74X 10%0 112 1075
1c-OPNB CH, 80 5.73x 10
60 7.35x 107
25 1.04 x 102 1600 10%¢
2b-OPNB CH, 110 7.59 X 10~
OPNB 100 2.94x 107
R 90 1.05 x 10~
25 3.15 x 10~ 4.8
2¢-OPNB CH, 145 1.24 X 107
125 1.82% 10
25 2.88 x 107112 0.04
R X 5a-OTs H 25 2.1 x 1074d (1.0)
5b-0Ts CH, 25 2.81 x 10-d 1.3 x 1084
5b-OPNB CH, 25 2.3 x 1071se
5¢c-OTs CH, 25 0.641 3.x 10"
5¢c-OPNB CH, 25 2.8 x 1071°¢

aRates of p-nitrobenzoates in 65% aqueous acetone. Rates of tosylates in acetic acid. Errors in rate constants ranged from 0.8 to 3.2%.
bExtrapolated from data at higher temperatures. ¢ Reference 6a. d Reference 3c. €Estimated from solvolysis rate of 5b-Cl and relative solvol-
ysis rate of 7-methylanti-7-norbornenyl chloride and p-nitrobenzoate given in ref 3d. A Y value of +0.45 for 65% aqueous acetone was used.
SEstimated from solvolysis rate of 5c<OPNB using conversion factor of 6.3 X 10°: see ref 3b and 3c. §Estimated from rate in 70% aqueous

dioxane given in ref 3b and a Y value of +0.45 for 65% aqueous acetone.

Ay

OPNB
1b-OPNB <
1cOPNE
. — 1-OH + 2-0H
Ibilb = 8020
b
' - lele = 78:22
<\
2b-OPNB
2¢-OPNB

2 65% aqueous acetone at 100 °C (1b-OPNB) or 125 °C (Lc-
OPNB). b 65% aqueous acetone at 100 °C (2b-OPNB) or 125 °C
(2c-OPNB).

The rates of solvolysis of the substituted p-nitrobenzoates
in 65% aqueous acetone at various temperatures and appro-
priate reference data for 7-norbornyl compounds are shown
in Table I. The data in the last column give the solvolysis rates
of the 9-methyl and 9-phenyl pentacyclic esters (1b-OPNB and
1¢c-OPNB) relative to those estimated for 7-methyl- and 7-
phenyl-7-norbornyl p-nitrobenzoates (5b-OPNB and Sc-
OPNB), respectively. Although the rate enhancement is re-
duced from the 10'0-12 level of the unsubstituted compound
(1a-OPNB)%2 to 107-* by methyl substitution and 103 by
phenyl substitution, it is nevertheless apparent that cyclopro-
pane participation dominates over unassisted solvolysis by large
margins in both cases.

The methyl/hydrogen and phenyl/hydrogen rate ratios for
1-OPNB, 2-OPNB, and 7-norbornyl tosylates (5-OTs) are
presented in the preceding column. These data reveal a sharp
reduction in the methyl/hydrogen (1.3 X 108—102) and
phenyl/hydrogen (3 X 1013—1036) rate ratios in 1-OPNB as
compared to 5-OTs. The low methyl/hydrogen (4.8) and in-
verse phenyl/hydrogen (0.04) rate ratios for remote substi-
tution on the participating cyclopropane ring bond in the sol-

volysis of 2-OPNB are strikingly similar to those previously
reported for acetolysis of 1-methyl- and 1,5-diphenyl-cis-3-
bicyclo[3.1.0]hexyl tosylates (CH;/H = 5.2,2 X C¢Hs/H =
0.21).510.11 Although the interpretation of the kinetic data
from these bicyclic tosylates is complicated by conformational
effects and various side reactions,® !0 our results nevertheless
fully support the earlier contention'® that the small remote
substituent effects are not necessarily inconsistent with pre-
dominant g-participation. The similarity of the proximate and
remote methyl/hydrogen rate ratios for cyclopropane partic-
ipation to those for double bond participation in the solvolysis
of 7-methyl (CH;/H = 44,32 400°¢) and 2-methyl-7-anzi-
norbornenyl p-nitrobenzoates (CH;/H = 11)32< bespeaks a
close relationship between the trishomo- and bishomocyclo-
propenium ion intermediates.

The marked suppression in the methyl/hydrogen and phe-
nyl/hydrogen rate ratios for the 9-substituted pentacyclic
p-nitrobenzoates is attributable in part to delocalization of
positive charge onto positions 2 and 3 in the incipient trisho-
mocyclopropenium ions. Since 1-OPNB and 2-OPNB ap-
parently solvolyze via common trishomocyclopropenium ions
(4), we conclude that the kinetic substituent effects upon the
formation of 4, lie between 0.9 to 2.8 kcal/mol for methyl
substitution and —1.9 to 4.4 kcal/mol for phenyl substitution.
These kinetic substituent effects are substantially less than
would have been expected on the basis of relative pkr+ values
for alkyl and phenyl substituted cyclopropenium ions.'? Al-
though this would seem to accord with the view that g-delo-
calized ions in general exhibit lower substituent effects than
w-delocalized ions,2!3 it is appropriate to note that trisho-
mocyclopropenium ions such as 4 (and bishomocyclopropen-
jum ions such as those from 7-anti-norbornenyl derivatives)?
differ from other types of g-bridged ions which have been
proposed in possessing a cyclopropane ring in each of its three
resonance contributors (two of three in the case of bishomo-
cyclopropenium ions). Thus, the special delocalizimg charac-
teristics of the three-membered ring may well have a significant
bearing upon the magnitude of substituent effects.'*'3

A number of factors which might contribute to low sub-
stituent effects upon nonclassical carbonium ions in gener-
al?a4ab.13 and trishomocyclopropenium ions in particu-
lar42.10.15 have been suggested in the literature. These include
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the electron-withdrawing inductive effect of the phenyl
group,2242.6.19 the state of hybridization of the electron-defi-
cient orbitals,22:42.6.10 the combination of large HOMO-
LUMO separations and low p coefficients for the unoccupied
MO’s,'? and further delocalization of positive charge in 4a to
other positions.'’
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Solvolysis of 9-Aryl-9-pentacyclo[4.3.0.024.038,057)-
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.-
0.024.0%8.057Inonyl p-nitrobenzoates with representative
substituents in the aryl ring reveal major wg-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
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Table 1. Solvolysis of 9-Aryl-9-pentacyclo(4.3.0.02-4.03-5,057]nonyl
p-Nitrobenzoates and Related Derivatives in 80% Aqueous
Acetone

Substi- AHF,

tuent 100K, 57! kcal  ASF,

in aryl? T, T, 25°C mol~!"  eu
p-CH;0%  97.6 (50) 5.05 2.1  -87
p-H 486 (100) 45.7 (75) 0.123¢ 23.8 —10.2
p-CF3¢ 516 (125)57.3 (100) 8.59 X 10-3¢ 253 —10.3
3,5- 399 (150) 56.5 (125) 8.57 X 107%¢ 256 —14.2

(CF3)2¢
9-CHj; 834 (125)84.2(100) 8.62 X 1073¢ 26.5 —-6.6

9-H 94.9 (150) 11.4(125) 6.79 X 10=5¢ 278 —11.9

@ All new compounds gave satisfactory spectral and microanalytical
data. ” Mp 145.5-146 °C. < Mp 146.5-147 °C. 4 Mp 164-164.5 °C.
¢ 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 wo-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 #-, wo-, and o-participation
in representative systems where such participation could be
significant in solvolytic behavior.! The solvolysis of the parent
9-pentacyclo[4.3.0.02:4.03#4,057|nonyl p-nitrobenzoate (1, R
= H) proceeds 10'°-10'2 times faster than the related 7-nor-
bornyl derivative (2).>} This major rate enhancement was

R X
R X

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.>* It was of major interest to test whether the tool of
increasing electron demand could establish the presence of
wo-participation in such a system.

Accordingly, 9-aryl-9-pentacyclo[4.3.0.02:4.03:8.057|nonyl
p-nitrobenzoates containing representative substituents in the
aryl ring (1, R = X-C¢H,-: X = p-CH;0, p-H, p-CF3, 3,5-
(CF3),) were synthesized by the addition of the appropriate
Grignard reagents to the ketone (4).° The tertiary alcohols (5)
were converted to the p-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.® 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*¢* relation-
ship.” 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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