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The thermodynamic stability of crown ether complexes has been the subject of numerous
investigations1. In contrast, information about the kinetic stability is scarce and mostly
restricted to alkali cation complexes in polar solventsz. Since, however, the catalytic
activity of crown ethers is most pronounced in apolar solventss, we have developed a method

to study the kinetics of complexation in apolar media.

The method is based on the observation that the exchange of t-Bulid PFb between

3
any two crown ethers, which is fast on the NMR time scale at room temperatureu, becomes suffi-

ciently slow on cooling to produce line broadening and peak separation of the tert-butyl signal
in the 1H NMR spectrum. The tert-butyl groups are present in three different species: complexed
with crown ether I (I.AM), with crown ether II (II.AM), and in free t—BuNH3PF6 (AM), the latter

in undetectably low concentration.
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When the pair of complexes is chosen in such a way that one complex (e.g. I.AM) is kinetically
much more stable than the other (II.AM), the exchange between I.AM and free salt is rate deter-
mining for the overall salt exchange between the complexes, and the simple, two-site line-shape

equations can be used to determine the exchange ratess.

In this paper we will illustrate the method by the exchange of t-BuNHjPF6 between

the complexes of 18-crown-& (I, kinetically stable, §_ = 1.356) and ecrown ether II (kine-

Bu
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tically less stable6, 5, = 0.825):

(™
s

The lifetimes (1) were determined from the line broadening for various concentrations between
+40 and -25 °C. Experimentally we found that the reciprocal lifetime of the I.AM species was

given by

=1

T1.am (A . (3)

= k1 + k3

The dependence on the concentration of free salt (equations (5) and (6), below) indicates that,
in addition to the exchange reactions (1) and (2), there is an important contribution by the

bimolecular exchange between free salt and the 18-crown-~6 complex:

Kk
T.AM + AM* —3p T AM* + AM. (4)

The rate constants k. and k., were obtained from two series of experiments:

1 3
7

(i) With chloroform solutions containing the complexes I.AM and II.AM only , the concentration

of free salt is (since K, ® K2)h approximated by

-

[

[AM] = {[ II.AMI/K,}®. (5)

I.AM
[II.AM] = 0, while the slope yields kB/\/Kz.

1
From a plot of 1 against II.AM ® (Fig. 1) we obtain ky by extrapolation to
{ii) With chloroform solutions containing an excess of free 1T ([II]E) in addition to the

complexes, the free salt concentration is approximated by

{aM} = LIL.AM (6)
K (111

=1
I.AM
{(IT.aM}/[IT], = O, while the slope gives kS/K?. The results obtained at 20 °C (Fig. 1)

From a plot of 7 by extrapolation to

agalinst [II.AM]/[H]e (Fig. 1) we obtain k,

show that the k, values found by procedures (i) and (ii) are identical within experi-

1

mental error.
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FIGURE 4
DEPENDENCE OF 7~!; oy ON CONCENTRATION

The decomplexation of the t-BuNHaPF6 complex of 18-crown-6 is a fairly slow process

(k, = 70 s7! at 20 °¢) with a high energy of activation (Ea = 20.4 + 1 keal/mol).

From the slope values k3/K2 and k3/JI§ , Wwe calculated the association constant for
crown ether II: K, = 2.2x 107 M) at 2o °c. Using the ratio Kj/KE = 106 previously determinedl‘,
we obtained a value of K, =2.3.x107 M—1 for the assoclation constant of 18-crown-6 and t-BuNHaPF6.
Combined with the rate of decomplexation this yields a complexation rate k_, = 1.6 x10° 5_1, which

means that the rate of complex formation is diffusion controlled.

The characteristics of the bimolecular exchange reaction are indicative of a com=
plexation reaction: a high rate (k3 = 1.3 x106 st et 20 °¢) and = low activation energy
(Ea = 8.1+ 1 keal/mol}. Tt is most likely that the reaction rate k3 reflects the formation

of a 1:2 complex, an obvious intermediate8 in the bimolecular exchange.

T.AM + AM* o—= AM*,I.AM F==I1.AM* + AM (1)

Tt is interesting to note that the bimolecular exchange according to reaction (8)

x
I.AM + II ._———__l‘_ IT.AM + I (8)

k)
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only becomes apparent at a relatively high concentration of II (Kh = 10314—15—1 at 20 °¢).

Our results demonstrate that both kinetic and thermodynamic data of crown etner

complexes in apolar solvents can be obtained from simple ]H HMR measurements. The reliability

of this method is further illustrated by the fact that the rate of decomplexation of 18-crown-6
was independent of the choice of the weaker complex. When IT.AM was replaced by the corresponding
complex of dibenzo~18-crown-6, the same rate and activation parameters were obtained. We have
successfully used this method to study the relationship between structure and kinetics of

9

complexation for a series of crown ethers”.
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