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Abstract: The aluminum phenolate 2 having a crown ether ribbon is a selective ditopic host 

jbt lithium and potassium salts LiX and KX (X = Cl, Br, I). whereas LiF mrd KF show no 

interaction. 

Synthetic receptors capable of binding anions selectively constitute an area of growing interest 1 
Although polyammonium macrocycles have been used most often.’ preorganized Lewis acid hosts sm 

beginning to show promise.2 Generally, the host molecules which have been prepared for this purpose 

behave monotopically, i.e. there is little or no interaction with the cationic counterion. Ditopic binding in 

which both anion and cation participate in molecular recognition is quite ram.” We have previously shown 

that arylboronic acid esters containing crown ether moieties (1) bind potassium salts KP, KCN and KOCH3 

ditopically in organic solvents, whereas KI undergoes simple classiial monotopic K+-binding and KCl/KBr 

show no interaction at aL4 In the ditopic cases the anion interacts with the boron center in the form of 

reversible dative bond formation, and the K+ ion binds classically to the crown ether portion. Such 

selectivity within a particular metal salt series has not been found in any other host molecules. We now 

describe the synthesis and anion/cation binding properties of a ditopic receptor molecule (2) composed of 

an aluminum-phenolate moiety surrounded by a crown ether ribbon which displays selectivities diffemm 

from 1. 

1 (n = 0,l; b = glycolate, catecholate) 2 (L=CHs) 

Upon adding (CH3)3A1 to a solution of the known crown ether 36 in THP, the phenolic function was 

metalated with concomitant generation of methane. The lH-N?wfR signal of the phenolic hydrogen in 3 
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disappeared completely. Compound 2 turned out to be a rather sensitive substance which has to be handled 

in an inert gas atmosphere. Its ‘H- and l%Z-IWR spectra are in accord with the structure shown. For 

example, the ‘H-NMR signal at 0.4 ppm integrating to 6 protons is readily assigned to the two methyl 

group& In the nAl-NMR qectrum a singlet at 185 ppm (relative to [J~I(H~O)~~+ as the external standard) 

spesks for a t&coordinated ahuninum nucleus,’ although some degree of complexation by ‘lWF or crown 

ether oxygen function c-t be rigorously excluded. 

K&&AI 
THF 
22WO.S h 

3 2 (L=CH3) 

Upon treating the host 2 wlth an equimolar amount of LlCl in THF-ds, downfield %NMR shifts in 

the crown ether portion of the molecule are observed, in line with Li+-binding. Significantly. the 27Al-NMR 

signal shifts upfield from 185 to 148 ppm. This is strong evidence for chloride being bonded to aluminum 

as shown in the hostiguest species 4: 

c3-, :I 

( 
0 OLi 0 

0 0 
1 

2 (L=CH3 4 (L = CH3) J 

IllordextoconfInntllegros8structure of 4. an independent synthesis involving the reaction of the 

lithium phenolate 5 derived fkom 3 with (CH&Wl was performed. The product was identical in all 

reqects with the previously prepared specie8 4. A solution of the host/guest compound 4 was concentrated 

snd cooled, which led to the formation of crystals. The X-ray structural analysis shows unambiguously the 

assumed ditopic binding of LiCl, i.e., Cl- is attached to aluminum snd Li+ is encapsulated in the crown ether 

ribbon. Additional stabilization of Li+ cccurs by THF-complexation (pig. l).* It is also interesting to note 

that there is some interaction between Li+ and the phenolate oxygen atom. The non-complexed portion of 
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the crown ether ribbon itself and the coordinated THF turned out to be disordered (in two different attempts 

using different samples). Thus, the X-my struotuml analysis has an overall poor quality. However, for the 

identitkation of the important suuctuml features it is ill~ting. 

Fig. 1. Crystal structum of 4/THF (disorder Indicated by the 
non-numbered positions) 
Selected bond lengths in pm: Al(l) - O(6) = 180.4; 
Al(l) - C(18) = 205.5; Al(l) - C(17) = 201.7; Al(l) - 
Cl(l) = 217.6; O(6) - C(16) = 138.7; Angle C(16) - 
O(6) - Al(l) = 123.20 

In order to test potential binding selectivity with respect to different lithium salts, reactions of LiF. 

LiBr and LiI with the host 2 were studied. Whereas the suspension of LiF in THF showed no interaction 

with 2, the salts LiBr and IA behaved much like LiCl as evidenced by *H-, *%Z- and 27Al-NMR studies. In 

these cases the salt suspensions dissolved rapidly and completely with formation of ditopic adducts. For 

example, the nAl-NMR signals for 2kiBr and 2&I appear at 148 and 110 ppm, respectively, proving 

teas-coordination at aluminum. The observed recognition pattern in the series LiX (X = F, Cl, Br. I) is the 

result of several factors, including diffemnees in lattice energks of the salts, bond strengths of Al-X entities 

and solvation energies. Sorting these out on a quantitative basis is currently not possible. ‘Ihe potassium 

salts ICF, KCI. KBr and IU showed qualitatively the same behavior. However, a significant kinetic effect 

was observed. Whereas the L&salts bind rapidly within two hours quantitatively. the K-salts require about 

two weeks, during which partial decomposition of the complexes begins. 

In summary, the host 2 displays unique binding selectivity within the series Lii and ICX [X = F (no 

interaction), Cl&/I (all ditopic biding)]. Proof of heterotopic binding is derived from NMR experiments 

and an X-ray structure analysla. 
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