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Derivatives of diaza-18-crown-6 and diaza-15-crown-5 were synthesized and 

their complexation properties were examined by solvent extraction and liquid 

membrane transport of various cations. N, N'-Bis (aminoalkyl) derivatives were 

particular in exhibiting unusually high but non-selective ion-binding efficiency 
toward various cations.

Many investigations on the chemistry of crown ethers have been focused on the modification of 

chemical structures and the resulting ion-binding properties of those crown ligands.1) In the 

course of our study of macromolecular macrocyclic polyethers, we have had the need to synthesize a 

series of N, N'-disubstituted derivatives of diaza-crown ethers and to study their ion-binding 

properties. Some of those derivatives are known.2) However, a comparison of ion-binding properties 
of those derivatives of diaza-crown ethers which have different functional substituents is inter-

esting, and we like to report the syntheses of those previously unreported derivatives and the 

preliminary results of our study of their ion-binding characteristics. 
A series of N, N'-bis (aminoalkyl) derivatives of diaza-18-crown-6 and diaza-15-crown-5 were 

prepared by the reaction of (1a) and (5a) with respective N-(bromoalkyl) phthalimide followed by 
hydrazinolysis.3) The results are summarized in Table 1.4) Reactions of (1a) with bromopropane 

and with bromopropanol gave (1c) (low melting solid, 70% yield) and (4c) (oil, 54% yield), 

respectively. All the spectroscopic data of these compounds were in good agreement with the 

assumed structures. 

With some of those derivatives, extraction experiments5) were carried out to investigate their 

ion-binding behavior and representative results are summarized in Table 2. As shown in Table 2,
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Table 1. Product Yields and NMR Data of Aminoalkyl Derivatives of Diaza-Crown Ethers

a. Based on (1a) or (5a). 

b. All the compounds prepared are pure as shown by TLC. Alumina-precoated plastic 

sheets for TLC (Eastman) were used. Solvent: methanol/acetic acid/water, 10:1:1. 

all the N, N'-disubstituted derivatives of (1a) exhibited enhanced extraction efficiencies compared 

with (1a) itself, although the selectivities were somewhat less pronounced.6) The most interesting 

to note is the extremely high but non-selective extraction efficiency of (3c). Low selectivity was 

observed even when lower concentration of (3c) was applied. This excessive extraction behavior of 

(3c) is not yet understandable to us. However, a plausible explanation may be that the amino 

groups in the flexible side arms participate by axial ligation in the formation of complexes, 
thereby enhancing the capability to form complexes. With the flexible complex-forming side arms 

the specificity towards metal ion of certain ionic size is least expected. The participation of 

side chain amino groups in complex formation is further supported by the very lower ion extraction 

efficiency exhibited by (1c), (2c) and (4c). It is interesting to observe that those substituted

Table 2. Extraction of Cation Picrates by Crown Ethersa

a H

2O/CH2C12 = 50/50(v/v) ; (picric acid)=7•~10-5M; (hydroxide)=0.01M 

(crown ether)=35•~10-5M, at 25•Ž. 

b Based on total amount of picrate salt
.
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Table 3. Initial Transport Rates and Carrier Saturation of Alkali Metal Ion Transport 

by Derivatives of Diaza-Crown Ethersa

a See reference (8) for the experimental set -up and procedure. 

crown ethers with poor extraction efficiency show rather improved selectivities in complexing 

with metal ions of different ionic sizes. The increasing tendency of N-alkylated (1c), (2c) 

and (4c) to form complexes with various cations in comparison with (1a) may be attributed to 

the increased donor character of ring nitrogens by the presence of third alkyl groups.7) 

The complexation behavior of those crown ethers was further investigated by metal ion 

transport experiment employing a water/chloroform/water liquid membrane system. Metal picrates 

were transported at 25•Ž  from an "in" to an "out" aqueous phase in a U-shape glass tube with 

proper stirring. Initial transport rates and carrier saturation values9) were measured and the 

representative results are summarized in Table 3. 

As seen in Table 3 notable substituent effects on the rate and carrier saturation were ob-

served. Among the •k2, 2•l diaza-crown ether ligands studied (2c) appears to be the most selective 

with highly effective rate, while the (3c) with strongly complexing terminal amino groups is the 

least effective. The derivatives of •k2, 1•l diaza-crown ether of smaller cavity size also exhibited 

the same trend; thus (6c) being the most effective carrier. This observation confirms the view 

that the good ion-transport carriers are those ligands that form rather moderately stable complexes 

than very stable complexes.9) 

Another notable feature of the data in Table 3 is that the lengths of side arm alkyl groups 

unexpectedly have little influence upon the initial transport rates and saturation values. (c.f. 

the values of (7b), (7c) and (7d)). This result is rather surprising to us, because it was 

expected that if any axial ligation is involved, the length of side arms may play an important 

role in forming favorable conformation for stable complexes. 

The present results are very suggestive information to us in designing the structures of 

macromolecular crown ethers and in studying their metal complexing properties. The full accounts 

of our study of diaza-crown ethers and their macromolecular derivatives will be published elsewhere.
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