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Several methods have been used to correlate the structure and complexing ability of crown
ethers1. The complexing ability is expressed as a (relative) complexation constant, which has been
determined either directly in polar solvents or indirectly by partition of the complex between
two different liquid phases (the so-called "extraction method"). Both methods have their dis-
advantages. The first method provides complexation constants in poler solvents; however, crown
ethers are mainly used to dissolve salts in apolar solvents. The second has the disadvantage that
the value of the complexation constant is obscured by unknown partition coefficients of crown

ether, complex and salt.

We here report a method by which the formation of a complex in apolar solvents can be direct-

ly measured by means of PMR spectroscopy. Crown ethers (CE) of types 1 - 52 were stirred in
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deuterochloroform (0.04M) with two equivalents of crystalline Zeise's salt (KPtCl3. ethylene)3.

Equilibrium was reached within several minutes; the undissolved Zeise's salt was filtered off and

subsequently the PMR spectra of the mixtures were measured.
CE + KPtCl,.C H, << CEK@[PtCI c.H ©
hachr- 1 T : 372k
The degree of complexation was calculated from the ratio of the integral in the PMR spectra
of the ethylene protons to that of the benzylic protons of the crown ethers. The results are

given in the Table. The degree of complexation was independent of the initial crown ether concen-

tration in the range of concentrations studied (0.01 to 0.1M).

TABLE

Complexation of Crown Ethers with KPtCJ.a,.CZHh in CDC13.

Crown Ring Maximum (a) (a,b)
ether size % of complex Msbcenzylic CH2 AGAJ:'om.
la 15 50 +0.042 +0.101
u‘) 18 100 +0.026 ~ 0.009
Lc': 24 100 +0.049 +0.043
?va 15 T - 0.009 ~0.0k46
23 18 87 ~0.111 ~0.137
?g 21 100 - 0.026 +0.085
24 24 100 +0.017 +0.160
2e 27 100 +0.068 +0.238
of 30 100 +0.045 +0.163
3 30 30 +0.095 +0.183

(a) The chemical shift difference given (A8, ppm) is defined
as the particular chemical shift in the equilibrium mixture
(max. % of complex) minus the chemical shift of the same
proton(s) in the free crown ether.

(v) H(3,4) for 1a-1c, H(2) for 2a - 2f and 3
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We found that the chemical shifts of the benzylic protons and the aryl protons in the crown
ethers (especially H(2) in 2 and 3} were influenced by complexa.tionb’s. When instead of an excess,
variable amounts of Zeise's salt were added (ratios of added Zeise's salt to crown ether from 0 to

2.0, see Fig. 1) a linear relationship between AS and the percentage of complexation was observed

100 -
o
%
[°)
50 | p
Q 1 1 i i)
050 100 150 200
ZEISE's SALT {mol) / CROWN ETHER (mol)

FIGURE 1
RELATIONSHIP BETWEEN [ZEISE's SALT)/ [CROWN ETHER] RATIO AND % COMPLEX FORMATION FOR 2b

in the whole range from free crown ether to maximum complexation (see Figs. 1 and 2). This
indicates that complexes of only one type of stoichiometry are formed. The formation of other
transitory complexes would certainly be expected to disrupt this linear relationship in view of
the sensitivity of the chemical shift towards the structure of the complex. Since the ratio of
Zeise's salt to crown ether in solution never exceeded the value of 1.0, even in the presence of
an excess of Zeise's salt, we conclude that complexation occurs via the formation of a 1 : 1
complex. In solution the exchange of free and complexed crown ether is fast on the PMR time

scale; even at -0 °C we found only one singlet for the benzylic and aromatic H(2) protons.
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FIGURE 2

RELATIONSHIP BETWEEN CHEMICAL SHIFT DIFFERENCE
43 AND % COMPLEXATION OF CROWN ETHER 2b WITH ZEISE's SALT
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We have compared the results of our method with those from an "extraction method" using
anilinium or ammonium hexafluorophosphatesG. With protonated amines we found a gradual increase
of complexation with increasing ring size of the crown ether (5-60 %), whereas the Zeise's salt
method clearly shows whether or not a particular cation (e.g. K+) can be accommodated within the

cavity of the crown ether (compare gg (7T %) and 2¢ - f (100 %)).

So far we have studied the complexation of Zeise's salt with crown ethers, but the technique
is obviously also applicable to similar salts by variation of either the cation or the anion
or both. Apart from being a useful analytical tool for studying complexation of the cation,
complexation with Zeise's salt allows us to perform reactions of the anion in apolar solvents

e.g. displacement of the ethylene by pyridine, which occurs instantaneously.

Further studies in these two directions are in progress.
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