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Abstract: Several bis(crcs~n cthor)s con&ting of bcnzo-12trown-4, bcnzo-l$-c-n-5, and bcnxo-l8-crown-6, were 
prepared and their complexation pmpcrtics with Na+ and K+ were determined by the liquid-liquid extraction method. Tlu: 
remarkable *b&crown effect” was observed in the extractions of both Naf and K+ using bis(~nzo-l2-~row~4) and 
~s~l5~~-5}. U~~mctricaI bis(csown cthcr)s also exhibit much higher cxtractnbilities of both Na+ and K+ than 
the corresponding mono@cnwwwvn cthcr)s. 

Metal ions have been the most popular targets for the recognition studies using synthetic hosts since 

Pedcrson’s discovery of crown cthor in 1967. 1 Scvcrul bis(crown cthcr)s in which two crown cthcrs arc 

connected to each other by appropriate linkers have been prcpamd for high stability and sclcctivity.2 

Most of the linkers rcportcd arc rclativcly flcxiblc and metal ions induct the conformations of bis(crown 

cther)s to form sandwich-type complcxcs. This results in dccrcascs of stabilities and sclcctivitics of 

complexes. 

We report here symmetrical bis(crown cthcr) hosts, 58-c, having same size of two bcnzocrown 

ethers, and uns~mct~cal bis(crown ether) hosts, 6 and 7, having diffcront size of two bcnzocrown 

ethers. 
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As shown in Scheme 1, heating of a well-ground mixture of triacidj 2 and amines, la-c, having 

various sizes of crown cthcrs,h provides imide acids, 3a-c, which have been converted to the 

corresponding imido acid chlorides with thionyl chloride, and then coupled again with appropriate 

amincs, la-c. to afford the dcsircd hosts, 5a-q 6. and 7 (3 steps; 50-60% total yields).5 

Our new hosts arc highly rigid and preorganized to bc capable of forming sandwich-type 

complexes with metal ions. Two bcnzocrown rings in hosts are lying cofacial to and separated 3 - 3.5 A 

from one another. Furthcrmorc, two crown rings in our hosts arc independent of each other, 

conformationally and clectmnically. It is, therefore, possible to know the exact effects caused by change 

of a binding site in hosts. 

The hosts and their complcxcs with metal ions are highly soluble in most of organic solvents and 

not soluble at all in water. The binding aftinitics arc determined by the liquid-liquid extraction method 

described by Cram.6 The extraction cxperimcnts have been performed employing 15 - 90 mM of hosts in 

CHC13 and 15 mM of metal picratcs7 in HzO. Under these conditions most of hosts show 15 - 85 % of 

extractabilitics, in which range the rcliablc data can be obtained. The amount of extraction has been 

determined by measuring changes in absorbanccs of metal picratcs in aqueous layer at 374 nm. The 

results are summarized in Table 1. 

Table 1 The Liquid-Liquid Extractions” of Metal Picrates into C!HC!l3 with Hosts 
at296fl K. 

concentration 

host” of host (mM) Na+ K+ 

4a [41 15 <l <l 

90 <2 <2 

5a [4,4]d 45 12 16 

4b PI 15 21 21 

30 31 42 

Fib [S,S]c 15 50 85 

6 c5.41 15 32 52 

4c [61 15 22 61 

30 32 85 

5c F.61 15 46 85 

7 [6.4] 15 36 79 
a) All of cxprimnts wcrc duplicated and crrws arc within 3%. 
b) The numbers in parcnthcscs indicates the numbers of oxygcns in crown ether rings. 
c) The conccntntionti of sodium and potnssiwn picratc are I5 mM in distilled water in all casts. 
d) WC used, in this cas445 mM of 5a to obtain more reliable data of extractions because 15 mM of 5a extracted less 

than 10% of metal ions (5% of Na+and 7% of K+). 
e) When 30 mM of 5b was cmploycd, there were extracted 69% of Na+ and 96% of K+, rcspectivcly. 
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The extractions of both metal picratcs by 15 to 90 mM of host 4P, hating a benta- 2-crown-4, are 

negligible (1 -Z%)), while 45 mM of the his@enxo-12--4), 5n, extracts 12% of Na+ and lb% of SC’@* 

respectively. Therefore, tho extractions by host 50 occur mostly through the intramobcutar aandwich- 

type complcxcs with metal ions, Na+ and K+. 

The monobcnmf S-crown-5 host 4b shows similar affinities toward both cations, Na+ and EC*. It is, 

howcvcr. worthwhile noting that the ratio of K”VNa+ slightly increases as the concentration of haat 4b 

increases from 1 S to 30 mM. This may be bccausc extraction occurs not only through 4W Kf 1: I 
=comptcx,but U&Q &rou$& 4W K+ 2: t stmdwich-tylx: compfexs shown in figure 1, {a). 

@I w 
Figure 1 Two possible ~ndwich~~c complexes; (a) host 4bfKf 2: 1 cempfcx, 

@) host Sb/Na* or K+ I : 1 complex 

The monobcnzo-l2-crown-4 itself could not extract cations into chloroform luycr, but its addition to 

bcnzo-IS-crown-5 remarkably incrcascs the cxtractabilitics of cations as demonstrated in the 

unsymmetrical host 6, The diffcrcnccs in pcrccntagcs of extractions by 6 compare with equimolar 4b are 

11% for Na+ and 3 1% for K+, which arc corresponding to 3 and 10 times increases in stability 

constantsZ9 rcspcctivcly, f& Na+ and K +. The bi*nzo-&crown-S) host 5b extracts cations, espeoially 

K+. much more ~sffcctively than twice molar equivalents of~o~~~S-~~-S host 4b does. This 

can bc rational&cd by extracting both cations through intramolecular sandwich-type Complexes shown in 

figure 1, (‘II)_ The stability constants9 of bis(bcnzo-15crown-S) 5b arc roughly IO times for Nat and Id 

times for K+ high:her than those of the 4b, and the biscrown cffcct arc much larger in K+ than in Na*. It is 

intcrcsting that Na” also forms inhamolccular sandwich-type complex with bis@enzo-1 S-crown-S) since 

the biscrown cffcct has been usually obscrvcd in the systems where sizes of cations arc greater that those 

of crown rings. 

Another unsymmetrical host 7 also exhibits higher cxtraotabiiitics of cations than 4c does. The 

~~cc~n~ of binding affinities in host 7 by additional benzo-X&crown-4 are ahnost same extent as in 

host 6. Unfike other biscruwn hosts, Sa and Sb, bis~enzo-~g-cro~“6) host 5e does not form 

intramolecular sandwich-type complex with W and two binding sites behave independently on 

extraction of potassium ion. The host 5c, therefore, extracts exactly same amount of potassium ion with 

twice molar cquivalcnts of monobcnzo-l8-crown-6, 4c. However, the host 5c extracts approximately 

15% more Na* than twice molar equivalents of monobenzo-l&cr~wn-6, 4c does, suggesting 

intramolecular sandwich-type complex at” SC with Na+. These phenomena might be attributed to 

intrinsically high stabifity of complex between potassium ion and monobenzo-l%-crown-6 itself, and YOW 

stability of complex bctwccn sodium ion and rno~~n~~~~~~~.~ 
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In conclusion, our new hosts nicely dcmonstratcd tho biscrown effect on Na+ and K+ complexation. 

The biscrown cffcct is dependent not just on difference between sizes of crown ether and cation, but on 

intrinsic stability of complex bctwccn monocrown ether and cation. The symmetrical biscrown hosts, 5s 

and 5b and uns~me~cal biscrown hosts, 6 and 7, exhibit much higher binding tinities toward both 

Na* and K+ through intramolecular sandwich-type complexes than the corresponding mono(benzocrown 

ether%. 
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