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Comparison of Field and cs-Inductive Models for the Transmission of
Nonconjugative Substituent Effects. The 2,6-Spiro[3,3]heptyl System

By CuarLEs L. L1oTTA,* WiLLiaM F. FisHER, and GEORGE H. GREENE
(School of Chemistry, Georgia Institute of Technology, Atlanta, Georgia 30332)

Suimmary The pK, values of a series of 6-substituted acids (I) have been synthesized and their pK, values
spiro[3,3]heptane-2-carboxylic acids have been measured determined in 509 (by weight) aqueous ethanol at 25°.
in 50% (by wt.) aqueous ethanol and the results analysed The results are summarized in Table 1.
in terms of the mechanism of transmission of nonconjuga- In order to explore the question of which model, field or
tive substituent effects. o-inductive,® most adequately described the transmission of

nonconjugative substituent effects, a graphical comparison

A series of 6-substituted spiro[3,3]heptane-2-carboxylic was made between the pKj, values of series (I) and the pKj




1252

values of the corresponding 4-substituted bicyclo[2,2,2]-
octane-1-carboxylic acids (series II) in 509, (by weight)

aqueous ethanol at 25° (Figure).?

An excellent linear

TABLE 1

X pKa
H 6266 - 0-015
H COH g, 5-931 & 0-015
CN 5-856 + 0-018
X H CO,Et 6062 %+ 0-025
CO,Hs 6-088 & 0-015
(n CO,~s 6406 & 0-032

8 Statistically corrected.

correlation was obtained with a slope equal to 2-04. We
wished to make a similar comparison between series (I) and
the 4-substituted bicyclo[2,2,1]heptane-1-carboxylic acids
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FIGURE

(series III). Unfortunately, the pKjy values of series (I1I) in
509, (by weight) aqueous ethanol have not been reported.
Wilcox and Leung,® however, have compared the relative
acidities of series (IT) and (III) in pure water, 259, methanol-
water, and 509, methanol-water and have obtained P
values of 1-175, 1:183, and 1-195, repsectively. A plot of p
against 1/D produces a straight line,* which, when extra-
polated to the 1/D value for 509, (by weight) aqueous
ethanol (D = 49-5) gives a p value of 1-210. The “experi-
mental’”’ slope in the comparison of series (I) and (III) is
then calculated to be 2-44. In order to evaluate the theoreti-
cal slopes from the o-inductive model, attenuation factors of
1/2-0 and 1/3-0° were used (see equations 1 and 2).

Ratio of (II) to (I) = 3(1/f)*/4(1/f)* = 3f/4 1)
Ratio of (III) to (I} = [2(1/f)® + (1/f)*1/4(1/f)* =
[2f + f21/4 (2)

The theoretical slopes for the field model were evaluated by
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means of the Tanford modification of the Kirkwood—
Westheimer spherical cavity model.® The results are sum-
marized in Table 2.

It can be seen that the slopes predicted by the field model
and the experimental slopes are almost identical, whereas
the slopes predicted by the ¢-inductive model cover an
extremely wide range. Wilcox and Leung® have suggested
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TABLE 2

Experimental and theovetical p-values in the comparison of spiro-
[8,3]keptane (1), Bicyclo[2,2,2]octane (I1), and bicyclo[2,2,1]-
heptane acids (111).

I-1I I-III
Slope, p (exp.) 2-04 2-44
Slope, p (TMKW) 2-03 2-40
Slope, p (inductive) 1 f = 1/2—1/3  1-50—2-50  2:00—3-75
Slope, p (inductive) 1 f = 1/2.7 2-02 3-17

that an attenuation factor of 1/2-7 is most reasonable.
Using this value, the predicted o-inductive slopes becomes
almost identical to both the experimental and field slopes in
the comparison of series (I) and (II). This same attenuation
factor, however, predicts a slope for series (I) and (III)
which is far from the field and experimental slopes. These
results suggest that the field model is superior to the o-
inductive model in predicting the relative magnitude of non-
conjugative substituent effects.
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