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Cis- and trans-2-phenylcyclohexano-14-crown-4 and cis- and
trans-2,3-diphenylcyclohexano-14-crown-4 were prepared and
their ion selectivity was determined by means of extraction of
alkali metal picrates, stability constants, and ion-selective
electrodes. Cis diphenyl derivative exhibits the highesi lithium
ion-selectivity of the four ionophores examined, which is as high
as that of decalino-14-crown-4, one of the best Lit-selective

ionophores.

Much interest has been focused on a highly lithium ion-
selective electrode in connection with the medical and clinical use
of lithium carbonate for the therapy of manic-depressive
psychosis.]  However, little ionophores have been synthesized
which possess sufficient Lit/Nat selectivity for the practical
use.2 We reported previously that 14-crown-4 derivatives such
as decalino-14-crown-4 (1) bearing a bulky substituent on one
side of the ethano bridge exhibited excellent Li+/Nat selectivity.3
Our design is based on the steric hindrance which prevents the
formation of 2:1 (crown ether : cation) complex with larger Na*,
leading to high selectivity toward Lit. The major drawback in 1
is its scarce availability due to the low yield in the final cylization
step of the synthesis.:"*1 In order to find an alternative and
readily available substituent which provides effective steric
hindrance in complexation, we prepared cis- and trans-2-
phenylcyclohexano-14-crown-4 (2) and (3) and cis- and trans-
2,3-diphenylcyclohexano-14-crown-4 (4) and (§), and

Ph K\
] (j“" D
“0 0

Ph O(\ Pho )
R\

“0 j @Z Zj
Ph k) P [

4 5

III:,

investigated their ion selectivity by means of extraction of alkali
metal picrates, stability constants with alkali metal perchlorates,
and ion-selective electrodes.4

The cyclohexanediol units 6, 7, and 9 were prepared
according to the procedures previously reported 4> Since
stereoselective synthesis of cis diphenyl diol 8 was not reported,
it was prepared in 24% yield by the pinacol coupling of 1,6-
diphenylhexane—1,6-dione6 using titanium reagents prepared
from TiCl4 and Mg(Hg).? Condensation of 6-9 with bisp-
toluenesulfonate of 4,7-dioxadecane-1,10-diol was carried out in
tetrahydrofuran in the presence of NaH and LiClO4 under high
dilution conditions. While crown ethers 2-4 were obtained in
satisfactory yields of 50,27, and 35%, respectively, the yield of
5 was low (3%).8
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In order to estimate the ion selectivity of 2-§, extraction of
alkali metal picrates was undertaken in the water/dichloromethane
system. Asshown in Table 1, trans derivatives 3 and 5 exhibit
low extractability in every case, leading to the low ion selectivity.
By contrast, while Lit/Nat selectivity of cis monophenyl
derivative 2 is only moderate, cis diphenyl 4 exhibits large
extractability for Lit+ as well as high Lit/Nat selectivity, which
are as large as those of decalino-1. The stability constants (Ka)
of the complexes between 2-5 with LiClO4 were determined in
cyclohexanone at 80 °C by the 7Li NMR titration method® The
Ka values for 2-5 are 5.1x103, 4.0x102, 7.0x103, and 1.3x102
dm3 mol-1, respectively.10  The low extractability of trans
isomers 3 and 5 is, therefore, ascribed to their low complexation
ability, which is probably due to the conformational rigidity of
the phenyl-substituted trans-cyclohexane units. 11

Ton selectivity of 2-5 was also measured by potentiometric
PVC-membrane electrodes containing the crown ethers.12  As
shown in Figure 1, cis diphenyl derivative 4 exhibits high
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Table 1. Extractability of alkali metal picrates in
water/dichloromethane system by ionophores 1-5 @

Crown Extractability / % Selectivity
ether Lit Nat K+ Rbt Cst Lit/Nat
2 428 7.7 1.4 07 06 5.6
3 3.1 0.8 07 08 0.9 3.9
4 74.1 4.8 1.1 1.0 1.1 15.4
5 1.6 0.6 0.6 05 0.6 2.7
1b 806 50 12 12 07 16.1

a [ionophore]=7.OX10’4 M, [picric acid]=7.0X10'5 M, [alkali
metal hydroxide]=1.0x10-1 M, 25.0£0.1 °C. b Ref. 3a.
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Figure 1. Selectivity coefficients (log KLI;';t j = interfering
ion) of the PVC-matrix membrane electrodes based on
ionophores 2-5. The membrane compositions were 3% (by
weight) ionophore, 67.3-67.4% membrane solvent BBPA
(bis(butylpentyl) adipate), 20 mol% (relative to the ionophore)
potassium tetrakis(p-chlorophenyl)borate, and 28.8-28.9% PVC.
The measurements were carried out at 25.0+0.5 °C.

selectivity for Lit, in good agreement with the extraction
experiments. The selectivity coefficients (log Kﬁj\t/a) of 2-5 are
-1.9, -1.8, -3.1, and -1.3, respectively. The selectivity of 4
well compares that of 1 (-3 .3).3b

In summary,‘ cis diphenyl derivative 4 exhibits Li*-selectivity
as high as that of decalino-1, one of the best Lit-selective
ionophores for ion-selective electrodes so far known. Since the
phenyl groups in 4 allows introduction of functional groups, the

ion selectivity may be tunable using the electronic and
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coordinative properties of the additional substituents.
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