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ABSTRACT 

The use of synthetic ionophores in both academic and industrial settings 

continues to increase. Growth in this field of chemistry has created a need for 

ionophores with pendant groups which allow for further chemical elaboration. This 

dissertation treats the synthesis of such ionophores. 

Crown ethers (macrocyclic polyethers) and cryptands (macrobicyclic polyethers) 

which bear hydroxymethyl functions are prepared from benzyl-protected and 

allyl-protected precursors, respectively. Crown ethers containing ionizable 

chromogenic subunits are synthesized from benzocrown ether and hydroxy

methylcrown ether starting materials in high yields. Neutral fluorogenic crown ethers 

are obtained in two steps from commercially-available starting materials. A series of 

novel bis-crown ethers results from condensation of diacid chlorides with 

hydroxy-16-crown-5 compounds. 

Several bis-crown ethers are tested for their ability to complex the alkali metal 

cations by the picrate extraction method. Results indicate that the formation of 2:1 

(crown:cation) complexes with potassium ion may be promoted by linking two 

oxymethyl-15-crown-5 units ortho on an aryl ring. A broad spectrum of small-ring 

four-oxygen crown ethers are tested by the same method for their ability to extract 

lithium ion. Results indicate that the 14-crown-4 ring size is the best suited in 

extraction capacity and selectivity for the complexation of lithium. 

Chloroform solutions of the ionizable chromogenic crown ethers are tested for 

their response upon contact with aqueous solutions of the alkali metal hydroxides. It 

is determined that the l-amino-2,4-dinitro-6-trifluoromethylbenzene chromophore is 

the best suited for incorporation into chromogenic crown ethers because of its acidity, 

high extinction coefficient and well-resolved spectral shift upon ionization. 
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CHAPTER 1 

INTRODUCTION 

Scope and Purpose of the Research 

The initial description of macrocyclic polyethers and their unique ability to 

solubilize certain metal ions^ spawned a generation of research focused on defining 

their metal ion binding characteristics under various conditions^. These findings 

have led to a second wave of research involving the incorporation of these 

macrocyclic ionophores into useful clinical, scientific and industrial processes- .̂ 

Such development generally requires the use of functionalized ionophores containing 

structural features that allow for further chemical modification. The demonstration 

of simpler and more efficient synthetic routes to these functionalized macrocycles 

has been a topic of persistent interest, and unique applications for these compounds 

occur frequendy in the chemical and engineering literature. 

This dissertation deals with the synthesis of novel functionalized macrocyclic 

and bicyclic polyether ionophores. General procedures are described for the 

synthesis of crown ethers (macrocyclic polyethers) and cryptands (bicyclic 

polyethers) containing pendant hydroxymethyl functions which utilize benzyl and 

allyl-protected precursors, respectively. The potential for the production of a wide 

variety of macrocycles from a limited number of readily accessible key intermediates 

is demonstrated. 

One area of particular interest in crown ether chemistry has been the 

development of reagents for ion-specific colorimetric detection, which allow the 

quantitative determination of a single alkali metal ion in the presence of the other 

1 



competing alkali metal ions. In this work both novel ion-selective colorimetric and 

fluorogenic crown ethers are synthesized and characterized. 

An area of early interest in polyether coordination studies was the phenomenon 

of doubly complexed metal ions, or the "sandwich" complexes^. Metal ions that are 

too large to fit into the cavity of a crown ether may still attain complexation by 

positioning themselves between two polyether rings. In certain systems these 

sandwich complexes are thermodynamically selected over the complexes of a single 

crown ring with other metal ions^. To more completely investigate this 

phenomenon a number of ionophores have been synthesised in which two crown 

ether rings are covalentiy linked in a fashion which promotes cooperative binding of 

metal ions. 

A simple technique for the determination of metal ion binding capacity of crown 

ethers is the picrate extraction method, in which solutions of metal picrate salts 

dissolved in water are shaken with an organic solution of an ionophore. Separation 

of the phases followed by colorimetric determination of the concentration of metal 

picrate in each phase yields distribution data from which mathematical and 

thermodynamic relations may be obtained. Several novel crown ethers were 

investigated in this manner, and the results of these investigations are reported in this 

dissertation. The studies included a series of four oxygen crown ethers, two large 

ring crown ethers, and a series of bis-crown ethers. 

Review of Previous Research 

Discovery of the First Crown Ethers 

The earliest comprehensive report of macrocyclic polyethers and their unique 



3 

ability to solubilize some metal salts appeared in 1967^. While attempting to 

synthesize bis-[2-(o-hydroxyphenoxy)ethyl] ether (1) by reaction of bis-

(2-chloroethyl) ether with the mono tetrahydropyranyl ether of catechol, Dr. Charles 

Pedersen at duPont isolated" a small amount of crystalline by product of unknown 

identity. This compound was insoluble in methanol but dissolved readily when 

methanoUc sodium hydroxide was added, even though IR and NMR analysis 

indicated the absence of phenolic functions which would be capable of forming 

soluble sodium phenolate salts with the alkali. The compound was then found to 

behave similarly in the presence of any methanol-soluble sodium salt, confirming the 

suspicion that the sodium cation and not the hydroxide anion was responsible for the 

increased solubility of the compound. With the aid of mass spectral analysis 

Pedersen deduced the structure of the compound to be 2 (Figure 1). 
.OH HO. 

OH r^r^ 

OR 
+ x a o ci T^.Hp 

_LR = THP;X=1 

2 
Figure 1. Synthesis of compounds J^ and 2 . 

Compound 2 was formed by the reaction of 2 molecules of bis-(2-chloroethyl) 

ether with 2 molecules of catechol, which was an =10% impurity in the 

mono-protected catechol used for the synthesis of L In trying to explain the unusual 

solubility characteristics of this compound in the presence of sodium salts Pedersen 

felt that the sodium cation had fallen into the hole in the center of the molecule and 



was held there by dipolar interactions between the cation and the electron-rich 

oxygen atoms symmetrically arranged around the polyether ring. This arrangement 

was shortly confirmed by X-ray analysis of crystalline salt complexes of the 

compounds'. The peculiar organization led Pedersen to call the macrocyclic 

polyethers "crown" ethers because of their symmetry and because the Hgand appears 

to crown the metal ion in the complexed form. 

The trivial nomenclature for this class of compounds is derived according to the 

following sequence: 1) the number and kind of substituents, 2) the total number of 

atoms in the polyether ring, 3) the class name, crown, and 4) the number of oxygen 

or other heteroatom binding sites in the ring. Thus the common name for 2 would 

be dibenzo-18-crown-6. 

The structures are commonly drawn in their most symmetrical cyclic form. 

Although this is normally a good approximation of the complexed conformation, it 

rarely reflects the shape of the free ligand in solution. The shape of the complexed 

macrocycle has all heteroatom binding sites facing into the intemal cavity, creating a 

highly electron-rich environment well suited to coordinating cations. The 

hydrocarbon backbone is turned outward, providing a lipophilic sheath which is 

responsible for the high degree of solubility of the salt complexes in organic 

solvents. 

The synthesis and characterization of new crown ethers and related macrocychc 

compounds occupied chemists for the decade following Pedersen's discovery°. As 

the unique nature of the crowns' ionophoric activity came into focus, interest 

developed in incorporating these compounds into useful chemical systems-^. 

Attempts were made to enhance their complexation capacity by adding pendant arms 

with additional binding sites^. Applications in analytical separations and 

determinations were also developed^^. These advances were made possible by the 



preparation of crowns with pendant functional groups which provided positions for 

further chemical modification. Functionalized crowns played a pivotal role in the 

growth of this field of coordination chemistry, and the development of facile 

synthetic routes to these intermediates became an important topic in the chemical 

literature. 

Synthesis of Functionalized Crown Ether Compounds 

Hvdroxvcrown Ethers 

Despite the hydrophobic exteriors of crown compounds many crown salt 

complexes are appreciably water soluble, and it soon became evident that some 

crowns require further functionaHzation to enhance their lipophilicity. One approach 

involves the synthesis of crowns containing pendant alcohol functions which are 

lipophilized via Williamson ether synthesis with a lipophilic halocarbon, or 

immobilized on polymer beads. In addition, hydroxycrowns are key intermediates 

for the preparation of lariat ethers^, ionizable crown ethers^ , chromogenic crown 

ethers ̂ ^ and other functionalized crowns. In short, hydroxycrowns allow further 

structural elaboration for the investigation of additional properties of crowns and 

their complexes. 

The need for hydroxycrown ethers has resulted in several synthetic schemes. 

Some routes involve precursors containing a regenerable alcohol function masked by 

some sort of removeable protecting group. Otiier metiiods involve tiie synthesis of 

macrocycles containing some other functional group which is later converted to an 

alcohol function. Early attempts were variations on Pedersen's two-component ring 

closure which utilized the high dilution principle to maximize yields^*'. 
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The earliest communication of a hydroxy functionalized crown-type macrocycle 

was published by Ashby et al.^^ in 1974. These researchers reacted etiiylene 

diamine with two moles of 2-oxo-l,4-benzodioxane in DMF, followed by 

cyclization of die resulting diphenol witii epichlorohydrin in aqueous sodium 

hydroxide to give the cyclic diamide in 12% yield (Figure 2). 

^ y + Ĥ N NH2 ^ ( fY Y ^ 

\ N N ^ 
o v_y O 

H OH 

^ 

O NaOH 

* ^ 
H.0 

CI 

a: "Xi 
o VJ o 

Figure 2. Synthesis of a hydroxycrown ether diamide. 

In 1978 Tomoi and coworkers ̂ ^ reported the synthesis of a number of crown 

ethers containing exocyclic methylene subunits. These crowns were converted to 

various hydroxycrown ethers by manipulating the carbon-carbon double bond in 

several ways. Hydroboration-oxidation produced the primary hydroxymethyl crown 

ethers (e.g., ^ , while oxymercuration-demercuration led to the corresponding 

tertiary hydroxycrowns (e.g., ^ ) . Oxidative cleavage of the double bond to give 

the ketones followed by reduction with sodium borohydride resulted in the 

secondary hydroxycrowns (e.g., ^ ) . Overall yields ranged from 28% to 40% (see 

Figure 3). 



^"oH ^^2 / ^ o ^ 
^ ^ ^ Jk. NaH, KH <^ O ^ 

CH^CHo ZZZ ^ < ^ o - / ^^J^" cî ĉ?̂  ™F C O ^ 
1 

a) BH3; H2O2 
' ^ 

Ri 
\ ) ^A=CH b) Hg(OAc)2; NaBH4 O A ^ ' 

V - O ^ c)03;NaBH4 ^^s^ ^ 

^ ^ Ri= H, R2= CH2OH 
^ Ri= OH, R2= CH3 
^ Ri= H, R2= OH 

Figure 3. Synthesis of hydroxycrowns by Tomoi et al. 

In the same year Parsons reported^" the synthesis of sym-dihydroxydibenzo-

14-crown-4 as an intermediate in the synthesis of carbon-pivot dibenzo cryptands. 

These compounds were formed by reaction of two moles of monobenzyl-protected 

catechol with l,3-dichloro-2-propanol, followed by deprotection and reaction with a 

second mole of epichlorohydrin. The yield of the final cyclization step was not 

reported (see Figure 4). 

Shortiy after these two papers appeared Montanari and Tundo^' reported the 

synthesis of hydroxymethyl-18-crown-6 (10) which was subsequentiy utilized in the 

preparation of both lipophilic hexadecyl-substituted and polymer-bound ligands. 

Their method involved the cyclization of 4-l-butoxymetiiyl-triethylene glycol with 

triethylene glycol ditosylate under the conditions used by Pedersen^. After 

cyclization the i-butyl protecting group was removed using HBF4 to give hydroxy

methyl-18-crown-6 in 35% overall yield (see Figure 5). 
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OH 
OH 

r t ^ V ^ ^ I l)NaOH 
^ V i ^ O "̂  aCH2CHCH2Cl — • y^i^O O^, ,^ 

ffl^Ph 2)H2,Pd/C Q Q 
^ ^ ^ O H H O ' ^ ^ 

^ "̂  ClCH2CHCH2a 

2 

OH OH 
I NaOH 

> • o o. 

Oo oXJ 

OH 

Figure 4. Parsons' syiiiidihydroxydibenzo-14-crown-4 

OH OH^ TsO b ^ KCH .,0 0. 

W ^O O^ ^ TsO O^ HATHF ^ 7 n ^ 
>-̂  ^ ^1) Y 
OC(CH3)3 ^OC(CH3)3 

2 

^ O ^ 
HBF4 n o, ^ 

2 • r ^1—'OH 
CH2a2 ^ o ^ o-" 

Figure 5. Montanari's synthesis of hydroxymethyl-18-crown-6 

At nearly the same time, Manecke and Kramer reported ̂ ° a similar synthesis of 

benzyloxymethyl-18-crown-6 by cyclizing a benzyloxymethyl-substituted triethylene 
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glycol with triethylene glycol ditosylate using potassium l-butoxide in glyme, 

followed by removal of the benzyl protecting group by catalytic hydrogenolysis to 

give hydroxymethyl-18-crown-6 in 48% overall yield (Figure 6). 

pOH OH^ TsO b t-BuOK j-O O.,̂  

•-O O^ ^ TsO O^ .,„„» ' \ 0 r̂  ^ r glyme ^ ^ v ^ 

0CH2Ph ^OCH2Ph 
11 

H, i ^ O ^ 

•̂ o o-J 
11 • r "ir^oH 

Pd/C 

IQ. 

Figure 6. Manecke's synthesis of hydroxymethyl-18-crown-6 

In 1980 Czech reported a simple synthesis ̂ ^ of hydroxymethyl-15-crown-5 and 

hydroxymethyl-18-crown-6 from the key intermediate 3-benzyloxy-l,2-propanediol 

which he prepared in two ways from inexpensive commercially-available starting 

materials. Reaction conditions involved combining the reagents in tetrahydrofuran 

in the presence of potassium t-butoxide without the use of high dilution conditions. 

The effect of the leaving group on the yield of the ring closure step was investigated 

by cyclizing the diol with either tetraethylene glycol dichloride or tetraethylene glycol 

ditosylate. A significant increase in yield was noted by using the dichloride (35%) 

as opposed to the ditosylate (23%). Hydrogenolysis of tiie benzyl protecting group 

afforded hydroxymethyl-15-crown-5 and hydroxymethyl-18-crown-6 in overall 

yields of 29% and 21%, respectively (see Figure 7). 

Regen and Czech later^^ reported another novel approach to hydroxymethyl-18-
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HO OH ^0^\^ 
yj ^ TsO ^ ) 

OCH2Ph T s 0 ^ o J > " = ' ' ' O O 

V-o o-/ £m t-BuOK 

r^^ ^ THF ) ^ 
HO OH ^ ci ^ ^ ^OCH2Ph 

O' 
CI o ^ 

l l n = 2 
OCH2Ph ^ ( ^ ^ O ^ I 2 n = l 

l l o r l 2 • \ _ 0 O - / i n n = 2 
P^^ W 12n=l 

^OH 

Figure 7. Czech's synthesis of hydroxymethyl-15-crown-5 and 
hydroxymethyl-18-crown-6. 

crown-6 by the cyclization of the diethoxy acetal of 2,3-dihydroxypropanal with 

pentaethylene glycol ditosylate under the same conditions described above. 

Hydrolysis of the acetal 14 produced the 18-crown-6 carboxaldehyde, which was 

reduced using lithium aluminum hydride to give hydroxymethyl-18-crown-6 in 32% 

overall yield (see Figure 8). 

In 1981 Bartsch and coworkers published^ ^ a convenient synthesis of 

hydroxydibenzocrown ethers by the reaction of various diphenols with 

epichlorohydrin in aqueous hydroxide (Figure 9). Their report of moderate to good 

yields (39-60%) is surprising in light of the 12% yield reported by Ashby ̂ ^ (Figure 

2) for the reaction of an amidic diphenol with epichlorohydrin under similar 

conditions. 
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OEt ^^' 

r-^OEi TsO O t-BuOK ^^Q 
HO OH + J »- r "1 

TsO O ^ THF ^ O O^ 
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Figure 8. Regen and Czech's synthesis of hydroxymethyl-18-crown-6. 
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Figure 9. Bartsch's synthesis of hydroxydibenzocrown ethers. 
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A relatively inefficient but novel route to hydroxymethyl crowns was recentiy 

reported by Candour et al.^^. The syntiiesis revolves around die preparation of 

functionalized epoxides, and while hydroxymethyl-18-crown-6 was synthesized as 

an intermediate (Figure 10) this work focused on the synthesis of carbon-pivot lariat 

ethers^. 

o 

HO O 
NaH 

HO J dioxane 

O ^ ^ 

HO O O OH 

TsO O OTs 

o o 
•-o o-^ 

OH 
c 

H+ 

Pd/C 

f ^ O ' ^ N ^ 

o o 
•-o o-^ 

Figure 10. Candour's synthesis of hydroxymethyl-18-crown-6. 

Okahara has made two important contributions to the preparation of 

hydroxymethylcrown ethers^- .̂ In 1980 Okahara reported^^^ a revolutionary 

method of ring closure which provides functionalized crown compounds in one step 

from their oligoethylene oxide precursors. The method involves the slow addition 

of one equivalent of p^-toluenesulfonyl chloride to a stirred solution of the 

functionalized diol and excess hydroxide in dioxane. In situ monotosylation is 

followed by the intramolecular attack of the remaining alkoxide on the tosylate, 



13 

resulting in cyclization. This method routinely provided good yields of 

benzyloxymethylcrowns which, upon catalytic hydrogenation, yielded the 

hydroxymetiiylcrowns in 45% to 60% yields from the cyclization step (Figure 11). 

Ph 
OU Ph 

^ HO^ O' OH 1 — T HO O O OH 

O n = 3,4 

NaOH 
dioxane 

1 equivalent 
TsCl 

t 
n ' n Ph 

^o o^ ^"^ o o. ^ 
v—o o-J ^ \—o O-f 

Pd/C 
IIln = 2 l l n = 2 
12 n = l 12 n= 1 

Figure 11. Okahara's synthesis of hydroxymethylcrowns. 

Okahara also produced -̂̂ ^ hydroxymethyl-15-crown-5 from the starting 

materials previously used by Czech ̂ " for the same synthesis (Figure 7). The 

method involved the cyclization of l,ll-dichloro-3,6,9-trioxaundecane with 

benzylglycerol in the presence of lithium l-butoxide and lithium bromide in 

1-butanol. A substantially better yield of the reaction (74%) was achieved under the 

conditions employed by Okahara. 
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Chromogenic Crown Ethers 

The synthesis and evaluation of ion-selective colorimetric ionophores for the 

specific assay of alkali metal cations has received increasing attention in the recent 

literature. Ligands containing either ionizable or neutral chromogenic subunits have 

been described. The following review treats only a general development of this field 

of research. An extensive review of this topic has recentiy been published^^. 

The ionizable chromogenic crown ethers are designed such that complexation of 

a cation by the ionophore is accompanied by loss of a proton from the chromophore. 

The resulting spectral shifts are usually sufficiently large to allow quantitative 

detection of the crown-cation complexes by simple spectral analysis. Although the 

extraction efficiency of the ligand is greatiy enhanced by ion-pairing between the 

cation and the chromophore anion, the selectivity of the crown ether is often 

overshadowed by the effects of coulombic attraction^^. 

The investigation of ionizable chromogenic crowns has centered around two 

basic forms of chromophore, the picrylamine and azophenol dyes. The picrylamine 

function, first coupled to a crown ether by Ueno et al.^^, has received the most 

attention. Substituents on the aromatic rings have been altered in various ways to 

produce different chromogenic characteristics (Figure 12). 

NO2 L ^ - ^ %o^ 

12 I^ 

Figure 12. Picrylamine crowns 
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Two different types of azophenol ionophores have been synthesized which 

differ in the geometric relation of the phenol uiut to the crown substituent The 

"crowned phenols"^" (e.g., 12) are a class of benzocrown ether dyes in which the 

phenol subunit is an integral part of the crown structure. The internally-positioned 

phenol assures simultaneous interaction of the bound cation with both the crown 

ring and the phenolate anion. On the other hand the "side-armed"^^ crown ethers 

(e.g., 20) consist of an azophenol chromophore for which the phenolate anion can 

be oriented over the crown ether ring cavity to allow simultaneous crown-anion 

association with the bound cation (Figure 13). 

^ r ^ 0 2 N - ^ \ - N = N - ^ 3 - O H 

12 20. 

Figure 13. Azophenol crowns. 

A wide variety of chromogenic crowns containing non-ionizable chromophores 

have also been described^^ (Figure 14). These types of crown ethers contain either 

a nitrogen heteroatom binding site that is electronically conjugated to the 

chromogenic subunit or a remote dipolar chromophore, or both. Coordination of 

either binding site to a cation perturbs the conjugation of the chromophore, resulting 

in a shift in the absorption maximum and/or the extinction coeffecient 

The neutral ionophores offer some distinct advantages over their ionizable 

cousins. The lack of a coulombic interaction with the cation allows the crown etiier 
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host to retain its selectivity for a particular guest. The weak dipolar interactions 

responsible for the spectral shift are dependent on three factors^^ which determine 

the intensity of the shift: 1) the size fit between the complexed cation and the crown 

ring, 2) the surface charge density of the guest cation, and 3) the solvent. While 

some shifts as large as 100 nm or more have been observed in certain cases, the 

neutral ionophores generally exhibit smaller spectral shifts than the ionizable 

chromophores. 

O O-

^o cr 

o 
21 22 

' Figure 14. Neutral crown chromophores. 

Fluorogenic Crown Ethers 

Comparatively littie data is available on the fiuoresence properties of crown 

ethers. The earliest report was by Sousa and Larson^ ,̂ who noted tiie perturbations 

of the fiuoresence and phosphoresence spectra of crown ether naphthalene 

derivatives 22 and 24 upon addition of alkali metal salts to the solutions. They noted 

striking differences in the spectral behavior of the derivatives depending on the 

position of tiie crown ring substituted on tiie naphtiialene fluorophore, but offered 

no concrete explanations for tiieir observations (Figure 15). 
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Figure 15. Naphthyl crowns. 

Shizuka-̂ ^ later reported on the enhancement of the fiuoresence spectrum of 

dibenzo-18-crown-6 upon the addition of alkali metal salts, which he attributed to a 

decrease in the intemal quenching rate of the molecule. Formation of the crown salt 

complex has a rigidifying effect on the crown host which freezes much of the 

vibrational motion of the molecule. This loss of vibrational degrees of freedom 

results in a decrease in the radiationless decay of the excited state, and an 

enhancement of the fiuoresence spectrum. At the same time da Silva reported^^ the 

effects on the excitation-emission spectra of benzo-15-crown-5 with Eu-̂ "*" and Tb"̂ ''" 

salts in acetonitrile. Shifts in the spectra were attributed to charge transfer from the 

excited state ligand to the bound metal ion. Recentiy another study was reported^^ 

on the fiuoresence properties of dibenzo-18-crown-6 in the presence of alkali metal 

halide salts. Results similar to those previously discussed^ ̂  were noted. 

Bis-Crown Ethers 

Shortiy after his initial report on the discovery of crown ethers, Pedersen 

published a paper^^ in which tiie ability of two crown etiier rings to coordinate to a 

single metal ion was described. This phenomenon occurs when the cation is too 

large to fit into the cavity of the crown ether. In such cases the metal ion will often 
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position itself between two crown ether ligands. Pedersen called these formations 

"sandwich complexes," or "club sandwich complexes" for the rarer 3:2 (crown 

ether:cation) complexes (Figure 16). 

Figure 16. "Sandwich" and "club sandwich" complexes. 
Rectangles represent planar crown ether rings 
(edge-on view). Circles represent cations. 

Examples of such complexes began to appear in the literature, and it soon 

became clear that the formation of sandwich complexes was a general phenomenon. 

Truter and Mallinson published the first crystal structure of a sandwich complex 

with the 2:1 (crown ether:cation) complex of benzo-15-crown-5 with potassium 

iodide, which was followed shortiy by other examples-^ .̂ Cram et al. published^^ a 

crystal structure of two binaphthyl carboxylic acid crown ethers coordinated to a 

Bâ "*" ion in a very stable structure. They reported that the complex was soluble in 

organic solvents, stable to chromatography, and did not precipitate barium sulfate 

when sulfuric acid was added to a methanol-water solution of the complex. 

The reports of such stable 2:1 complexes of crown ethers with cations led to the 

synthesis of a wide variety of molecules containing two pendant crown ether units. 

Structural variations were applied to determine the best distance between the two 
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crowns for cooperative interaction. A considerable body of information on 

bis-crown ethers and some closely related compounds such as the cylindranes^^ and 

the spiro-linked crown ethers- '̂ is scattered throughout the current literature. The 

bis-crown ethers are subdivided into classes according to the functionalities that 

connect the two crown rings. The classes which have been synthesized are 

bis-crown: 1) diesters; 2) diethers; 3) diamides; 4) diamines; 5) diurethanes and 

diureas; 6) dialkanes and dialkenes; and 7) disulfides. Not all of the compounds 

which have been synthesized are useful or interesting from a practical standpoint. 

The following is a review of the most significant contributions from this broad field 

of crown ether chemistry. 

The diester compound 25. reported by Smid and coworkers^ ° was the first 

bis-crown ether to be synthesized. These workers simultaneously reported a highly 

significant discovery in the analysis of crown ether complexes with alkali metal 

salts. The position of the absorption maximum of alkali metal picrate complexes 

with crown ethers in tetrahydrofuran was found to be sensitive to the stoichiometry 

of the complex. The absorption maxima of complexes with a 2:1 (crown ether: 

cation) stoichiometry are shifted to longer wavelenghts by 15 to 25 nanometers from 

that of the 1:1 complexes. Smid used this simple spectrometric technique to prove 

the abitity of bis-(benzo-15-crown-5) diester 2 i to sandwich potassium ion (Figure 

17). 

y ^ o ^ o o ^ / P o - A 

<^o ? ^ "^^^ oJ> 

2i 

Figure 17. The first bis-crown etiier. 
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Shono and coworkers incorporated bis-crown ether diesters^^ and 

diamides^^ into PVC membrane ion-selective electrodes with excellent results. 

Bis-(benzo-15-crown-5) compounds exhibited a preference for potassium ion over 

any one interfering ion, to a higher degree than electrodes prepared from the 

corresponding monocyclic compound. However the selectivity for potassium did 

not exceed that of the naturally-occurring ionophore valinomycin. Linear response 

to ionic concentration was observed in the range of 10"̂  to 10"̂  molar solutions. A 

series of bis-(benzo-18-crown-6) compounds was found to respond linearly to the 

concentration of cesium over one interfering ion in the range 10'" to 10"^ molar 

solutions. When tested against a valinomycin electrode it was found that 

interference by potassium and rubidium ions was much greater in the valinomycin 

electrode than in the bis-(benzo-18-crown-6) electrode. These electrodes may be 

useful for practical analytical applications. 

The analyses of various bis-(benzo-15-crown-5) and bis-(benzo-18-crown-6) 

diesters, diethers and diamides by alkali metal picrate extraction have shown 

consistent results^^. While the bis-(15-crown-5) compounds seem to be capable of 

sandwiching potassium, rubidium and cesium picrates, the bis-(18-crown-6) 

compounds can only form these sandwich complexes with cesium, preferring 1:1 

(macrocycle:cation) complexes with all other alkali metal cations. 

Compounds 2^ were synthesized and tested^^ by ^̂ C NMR for their abiUty to 

form complexes with the alkali metal salts. It was discovered that these compounds 

form particularly stable complexes with sodium chloride and hydroxide. These salts 

could be quantitatively extracted into chloroform from aqueous solutions. NMR 

analysis showed these to be strictiy sandwich complexes, even with the lithium 

cation. The X-ray crystal structures of tiie sodium complexes suggested tiiat the 

ideal bridge between crown units should link donor atoms and should consist of 
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only two metiiylene units (see Figure 18). 

O N—(CH2)-N O 

26a n = 2 
26b n = 3 

Figure 18. Bis-(aza-12-crown-4) compounds 

Cram introduced a novel approach -̂̂  to the synthesis of bis-crown ethers by 

binding two crowns together on a binaphthyl backbone, thus introducing some 

preorganization into the bis-crown structure (Figure 19). The staggered con

formation of the two naphthalene rings proved to be perfect for predisposing the 

crown rings to act cooperatively, provided the desired substitution pattern could be 

obtained on the binaphthtyl rings. Compounds 27a and 27b were both found to 

selectively extract potassium over all other alkali metal ions and ammonium ion. In 

addition. X-ray structures of 27a with potassium and 2212 with tetramethylene-

diammonium ions were determined. As expected, the cations were neatly 

sandwiched between the two crown rings. In the case of 27b the two inside faces 

of the host complexed the two ammonium groups, folding the four methylene units 

and enclosing the entire diamine within the "jaws" of the macrocycles. In this 

manner organic cations have formed inclusion complexes with bis-crown ethers, and 

Cram has speculated on the use of these complexes as enzyme-substrate analogs^. 
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27a n = 0 
22l2n=l 

Figure 19. Cram's binaptiiyl "jaws" compounds. 

Lithium Selective Crown Ethers 

The search for crown ethers to selectively bind or extract lithium has only 

recently become a topic of considerable interest. Dibenzo-14-crown-4 was 

described by Pedersen in the original disclosure of crown ethers^, but its selectivity 

for lithium was not realized at the time. Although Krane and Dale published early 

papers on the association of the lithium cation with crown-4 compounds, their work 

was of a qualitative nature^. Olsher published the earliest quantitative studies for 

the association of small ring crowns with lithium^^. Benzo-13-crown-4 and 

dibenzo-14-crown-4 showed promising selectivities for complexing lithium over the 

other alkali metals. The investigations included electrochemical studies on 

dibenzo-14-crown-4 incorporated into an ion-selective electrode^^, and picrate 

extractions with benzo-13-crown-4 and dibenzo-14-crown-4 for two different 

organic phases^^. In addition to these studies, a small number of chromogenic and 
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fiuorogenic crown ethers which show colorimetric selectivity for lithium have been 

reported^^. X-ray crystal structures of lithium salts complexed with crown ethers 

have been published which indicate lithium in different coordination environments 

including tetrahedral, pentagonal, and octahedral̂ ®. By far the most common solid 

state arrangement of lithium with a crown ether is pentagonal, with the cation 

coordinated to four ethereal oxygens and the anion occupying an apical coordination 

site over the crown ring. More recently high selectivity for lithium complexation has 

been realized with the spherand and hemispherand compounds^". Although these 

compounds are deemed to have "perfect selectivity" for lithium, they suffer from the 

disadvantages of low yield and tedious methods for their preparation. 

Synthesis of Functionalized Cryptands 

Preparation of the First Crvptands 

In 1969 Jean-Marie Lehn and coworkers introduced^^ a series of macrobicyclic 

polyether ligands (e.g., 21) for the complexation of alkali and alkaline earth metal 

salts. Inspired by the discovery and rapid development of the monocyclic crown 

ethers, Lehn added a new dimension to these ligands by preparing bicyclic 

polyetiiers with bridgehead nitrogen atoms (see Figure 20). 

The synthetic scheme involved the reaction of diazacrown ethers 23. with 

glycolic diacid chlorides 22 under conditions of high dilution to give the bicyclic 

polyether diamides 2Q which were subsequentiy reduced witii diborane to form the 

bicyclic polyetiier ligands 21- Lehn called the compounds "cryptands" from tiie 

Latin crvptos. meaning cave. Cryptands possess an intemal cavity witii oxygen and 

nitrogen atoms arranged symmetrically around the three bridging arms. The three 
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Fig. 20. Synthesis of the first cryptands. 

dimensional shape of the cavity imparts both enhanced size selectivity and greater 

complex stability to the cryptands compared to the monocyclic crown ethers^ ̂ . The 

trivial nomenclature for the cryptands is similar to that of the crown ethers, and it is 
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derived by stating 1) the substituents attached to the cryptand backbone, 2) the 

number of heteroatomic donor atoms in each bridging arm and 3) the class name, 

cryptand Thus the common name for compound 31a would be [2.1.1] cryptand. 

The cryptands have been the subject of a number of kinetic studies^^. The 

complexes formed between the cryptands and the alkali and alkaUne earth salts were 

found to be much stronger than the corresponding complexes of these metal salts 

with the crown ethers. This phenomenon was attributed to the three dimensional 

solvation sphere imparted to the guest metal ion by the cryptands, and was deemed 

the cryptate effect^^". The selectivity of the cryptands for a particular cation was 

found to be a function of the dissociation rates of the various complexes, the 

formation rates being roughly equivalent The closer the size fit between the 

cryptand and the cation, the slower was the rate of complex dissociation^^^. 

Although the cryptands were proven to be superior to the crown ethers in both 

binding strength and selectivity, few reports of functionalized cryptands have 

appeared in the literature. 

Functionalized Crvptands 

The first functionalized cryptand was reported by Montanari and Cinquini in 

1975^-^. They prepared the [2.2.2] cryptand with both Cn and C^4 pendant 

lipophilic tails, 22a and 32b. respectively, and used these compounds as catalysts in 

phase-transfer reaction kinetic studies. The lipophilic cryptands showed greater 

catalytic activity than the lipophilic phosphonium salts traditionally used as 

phase-transfer reagents in halogen substitution, reduction with borohydride, and 

alkylation reactions (see Figure 21). 

Montanari later reported^^ the preparation and catalytic activity of the [2.2.2] 
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cryptand linked to polystyrene. The catalytic activity of the polymer-bound cryptand 

was superior to that of polymer-bound ammonium or phosphonium salts, or of 

polymer-bound 18-crown-6. The main advantage of the polymer-supported catalysts 

was the facile recovery of the catalyst from the product mixture. 

Vo o v 
R 

32a R = n-CiiH23 
32b R = n-Ci4H29 

Figure 21. Montanari's lipophilic [2.2.2] cryptands 

Coxon and Stoddart later reported the first synthesis of carbon-bridgehead 

cryptands 22a and 33b by a lengthy and difficult synthetic procedure^ .̂ Although 

these researchers were able to synthesize mono and bis(hydroxymethyl)-

functionalized cryptands, the compounds exhibited low binding and stability 

constants compared to the classical nitrogen-bridgehead cryptands prepared by Lehn 

(Figure 22). 

22a Ri = R2 = CH2OH 
22i2 Ri = CH3; R2 = CH2OH 

Figure 22. Coxon and Stoddard's carbon bridgehead [2.2.2] 
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Shortly after Stoddart's report. Parsons described^ ̂  the synthesis and 

complexation characteristics of dibenzo-[2.2.4] cryptand (34a) and dibenzo-[2.2.5] 

cryptand (34b). Parsons found that increasing the cavity size of the 

carbon-bridgehead cryptand produced binding and stability constants equal to or 

superior to Lehn's diazabicyclo-[2.2.2] cryptand, but witii a corresponding decrease 

in the selectivity of these carbon-pivot cryptands for their guest cations (Figure 23). 

a:tx) 
24a n = 2 
34b n = 3 

Figure 23. Parsons' carbon-bridgehead [2.2.2] cryptands. 

Montanari and Tundo reported the first preparation of hydroxymethyl-[2.2.2] 

cryptand from the same key intermediate that was used to prepare hydroxy

methyl-18-crown-6*'. The cryptand was synthesized by the condensation of the 

acid chloride 21 with l,10-diaza-18-crown-6 (28c). followed by reduction of the 

diamide 2^ with diborane and hydrolysis of the l-butyl ether protecting group with 

6N HCl to give hydroxymetiiyl [2.2.2] cryptand (22) in 44% overall yield (see 

Figure 24). 

In the same year Tomoi and coworkers reported^" the synthesis of the 

hydroxymetiiyl-[2.2.2] cryptand 22 from tiie corresponding metiiylene-substituted 

diaza-19-crown-6 (2S). The method employed was similar to that used previously 
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Figure 24. Montanari's synthesis of hydroxymethyl [2.2.2] cryptand 

for the synthesis of some of the first hydroxycrown ethers^^. Tomoi's synthesis 

was clever in the sense that the alcohol functionality was generated from the 

methylene double bond simultaneously with the reduction of the amide linkages by 

the action of diborane on the two different parts of the molecule. Tomoi also bound 

this cryptand to polystyrene and observed a high degree of catalytic activity for this 

solid phase catalyst in two-phase halogen exchange and cyanation reactions. The 

catalytic activity of recovered polymer beads was low, but the catalyst could be 

regenerated by treatment with sodium persulfate (see Figure 25). 

In 1981 Gansow and coworkers published^' a convenient synthesis of 

benzocryptands. The synthesis used the key intermediate dicarboxylic acid chlorides 

40. which were syntiiesized by treating tiie corresponding dicarboxylic acids witii 

tiiionyl chloride (Figure 26). Reaction witii l,7-diaza-15-crown-5 (2Si2) gave tiie 
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cryptand diamides 41a and 41b. The diamides were reduced with borane in THF to 

provide the benzocryptands 42. The nitro-group-substituted benzocryptand 42b 

was reduced to the corresponding aniline 42, which was converted to the diazonium 

salt with isoamylnitrite. The potential of this diazonium salt as a 

covalently-attachable NMR spin label was demonstrated by coupling with 

N,N-dimethylaniline to give the diazocryptand 44 (see Figure 26). 
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39b n 
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2 

Figure 25. Tomoi's hydroxymethyl [2.2.2] cryptand. 
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Figure 26. Gansow's benzocryptands. 
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The authors point out that inclusion of a paramagnetic lanthanide ion in the cryptand 

cavity before or after coupling of the cryptand to the desired substrate provides a 

covalentiy linked NMR spin label. 

In the same year Manecke and Reuter published^ ̂  the syntiiesis of a styrene 

cryptand in which a synthetic method similar to that utilized by Gansow was 

employed. The key intermediate diacid chloride 45. was prepared by the reaction of 

4'-(2-hydroxyethyl)catechol with 2 moles of ethyl bromoacetate, followed by acid 

hydrolysis of the resultant diester to form the hydroxyethyldicarboxylic acid. 

Treatment of this diacid with thionyl chloride replaced the hydroxyl group with a 

chlorine atom and converted the dicarboxylic acid to the corresponding acid chloride 

to give the key intermediate 45.. Condensation with diazacrown ether 2 ^ gave the 

cryptand diamide 4^ which was reduced with borane in THF to produce the 

4'-(2-chloroethyl)benzo [2.2.2] cryptand (47). Base-promoted elimination was 

performed on the chloroethyl group with potassium t-butoxide in benzene to produce 

the final styryl [2.2.2] cryptand 4S. (see Figure 27). This cryptand was co-

polymerized with 4,4'-divinylbiphenyl or styrene/divinylbenzene to produce 

lipophilic polymers, and with N-vinylpyrrolidone/divinylbenzene to produce a 

hydrophilic polymer. The small percentage of divinylbenzene in the polymers (4% 

in all cases) ensured the macroporosity of the products. The authors studied the 

ability of the copolymers dissolved in dichloromethane to absorb alkali metals from 

aqueous solution, and found littie selectivity in all cases. The lowest selectivity and 

binding capacity was observed for the hydrophilic copolymer with 

N-vinylpyrrolidone. 
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Figure 27. Manecke's styryl [2.2.2] cryptand. 

Although a limited number of functionalized cryptands have been synthesized as 

intermediates to specific final products, no general scheme for the convenient 

synthesis of functionalized cryptands has been reported to date. Synthetic routes to 

useful and versatile functionalized cryptands of various cavity sizes awaits 

development. 

Assessment of Metal Ion Binding by Picrate Extraction 

Quantifving tiie Cation Complexation of Crown Ethers 

In the five years which followed Pedersen's first publications on the synthesis 
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of crown ethers, a wide variety of crown compounds and their metal salts appeared 

in the Uterature. Although these compounds had gained widespread attention, no 

generalized method for quantifying their complexation capacity had been published. 

At that time H.K. Frensdorff, also working at du Pont (as did C.J. Pedersen), 

published a paper on the determination of the "stability constants" of crown ethers 

with univalent cations^^. In this paper Frensdorff defined all the pertinent 

equilibrium processes involved with the formation of crown ether-cation complexes. 

He used potentiometric measurements with ion-selective electrodes to determine the 

equilibrium concentrations of free and complexed metal ions in solution, and defined 

the concentration stability constant (Kg') as the ratio of the concentration of 

crown-cation complex ([MCr"*"]) to the product of the concentrations of free crown 

([Cr]) and free cation ([M"*"]), (see Eq. 1) 

Kg' = [MCr+] / ([M+][Cr]) (1) 

Although Frensdorff s calculations defined the formation of complexes in a single 

phase solvent system, his definition of the fundamental equilibrium processes laid 

the groundwork for the two-phased solvent extraction systems which were 

developed later. 

Alkali Metal Picrates in Two-Phased Solvent Extraction 

When Smid and coworkers reported the first synthesis of a bis-crown ether, the 

use of metal picrate salts as guest cations to provide a spectrometric method for 

determining the stoichiometry of the crown ether-cation complex was included-̂ .̂ 

The position of the absorption maximum of the picrate anion in THF was noted to be 

sensitive to the ion pairing nature of tiie metal salt For crown ether-cation 
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complexes of a 1:1 stoichiometry, the salt forms a tight ion pair which has a visible 

absorption maximum between 350 and 362 nanometers, depending on the alkali 

metal cation used. When the stoichiometry of the complex was 2 crown ethers to 1 

cation (i.e., a "sandwich complex"), the salt formed a "crown-separated" ion pair, 

with an absorption maximum between 375 and 390 nanometers. The use of metal 

picrates as a probe into the nature of crown ether complexes had thus been 

demonstrated. 

Iwachido and coworkers later reported on the distribution of alkali metal picrate 

complexes between an aqueous phase and a benzene solution of dibenzo-18-

crown-6"^. The extraction constant (KQ^) was defined by the equilibrium between 

free metal picrate in the aqueous phase ([M"*"]̂  and [A']^), free crown in the organic 

phase ([Cr]^), and the complex ion pair in the organic phase ([MCrA]^) according to 

the relationship outlined in Equation 2: 

[M+]a+ [Cr]o + [A-]a^=^ [MCrAl^ 

Kgx = [MCrA]o / ([M+]a [ Cr]^ [A"]) (2) 

The extraction constant defined by Iwachido represents only the concentration 

equilibrium constant of the crown ether with a particular metal picrate, and does not 

include ionic activity coefficients or any compensation for tiie increased lipophilicity 

of the picrate salts as ionic diameter increases. Thus the extraction constant is only a 

measurement of the activity of the crown ether in single-ion solvent extraction 

systems and has no thermodynamic significance. 

The association constant (K )̂ defined later by Cram and coworkers^^ is in 

many ways a superior measurement of tiie complexation capacity and selectivity of 
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crown ethers. The association constant includes the distribution coefficient (K ĵ) of 

a metal salt between the aqueous and organic phases in the absence of any binding 

agent (see Equation 3) as well as tiie volumes of the two phases. 

K^ = [M+A-]^ / [M+] JA-]^ (3) 

The association constant is calculated according to the formula presented in Equation 

4: 

Ka = R / (l-R)Kjj{[M+i]a - R[Cr]o(Vo/Va)}2 (4) 

where [M"*'Jĵ  = cation concentration in the aqueous phase before extraction, R = 

[metal picrate in the organic phase] / [crown ether host in the organic phase] after 

extraction, while V^ and V^ are the volumes of the organic and aqueous phases, 

respectively. 

The adjustment of the association constant for the K^ value of the particular 

metal salt and for the volumes of the two phases results in K^ values that are more 

thermodynamically meaningful. In fact Cram derives the free energv of association 

from the simple relationship AG = -RT In K^ . While this calculation does provide 

some measure of the Gibb's free energy of association, it is questionable whether or 

not the absolute values of the calculations are accurate. It is more likely that, all 

variables being equal, the differences in the calculated free energies of association 

(A{AG}) of two different crown ethers for the same cation or between two different 

ions for the same crown are more reliable. 
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Formulation of the Research Plan 

The anticipated utility of functionalized ion-selective chelating agents in a wide 

variety of applications focused the research efforts on development of convenient, 

high yield synthetic routes to versatile, functionalized ionophore intermediates. The 

most versatile of the functionalized ionophores, those containing pendant hydroxyl 

groups, became the central target of tiie syntiietic efforts. The development of new 

synthetic strategies and the improvement of synthetic routes previously reported both 

are goals of the research. A number of novel large ring functionalized crown ethers 

are prepared by cyclizing functionalized diols with polyethylene glycol ditosylates. 

Different combinations of starting materials are used to form common macrocycles 

in order to investigate the effect of changing the length of the diol and ditosylate 

components on product yields. The preparation of a previously-reported key 

intermediate in the synthesis of hydroxymethyl-functionalized crowns is performed 

by a more convenient method and used in the synthesis of a novel crown ether. 

The ready availability of a wide range of functionalized crowns leads to the 

development of a number of new chromogenic crown ether compounds. A wide 

variety of crowns containing different chromophore subunits are obtainable from a 

limited number of functionalized crown ether intermediates. Chromogenic crown 

ethers are synthesized from both hydroxymethyl-functionalized and benzo-

functionalized crown ethers. 

Two novel naphthylamine crown ethers are prepared as fluorescent crown ethers 

by simple synthetic routes from the common starting material N,N-bis-(2-

hydroxyethyl)-!-naphthylamine. Striking product yield differences are noted when 

the appropriately sized "template" metal ion was used in tiie ring closure step" .̂ 

The availability of hydroxydibenzocrown ethers ̂ ^ from earlier work encourages 
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the synthesis of new bis-crown ethers. Condensation of svm-hydroxydibenzo-

16-crown-5 with a number of common dicarboxylic acid dichlorides gives the 

corresponding bis-crown ether diesters in high yields. The corresponding 

hydroxydicyclohexanocrown ether is also condensed with the same dicarboxylic 

acid dichlorides to produce a new series of dicyclohexano bis-crowns. 

Since only a few examples of functionalized cryptands have appeared in the 

literature, and no general route to functionalized cryptands of different sizes has been 

demonstrated, a general synthetic scheme is devised for the production of 

hydroxymethyl-functionalized cryptands. A series of hydroxymethyl cryptands 

ranging in cavity size from [2.2.1] cryptand to [3.3.2] cryptand is prepared and 

characterized. A synthetic method previously used in peptide synthesis is adapted to 

macrocyclic ring closure reactions and is used in the synthesis of two novel 

N-phenyl triaza cryptands. 

The assessment of the binding capacity of novel crown ethers and cryptands is 

an important part of the development of new and more efficient ligands. One simple 

and effective method for the determination of ionophoric activity is the picrate 

extraction method developed independently by Cram"^ and Iwachido"^. 

Association and extraction constants are determined from the solvent extraction 

equilibrium data, and these values provide a means for the comparative analysis of 

the activity of the ionophores. In the present study extraction and association 

constants are measured by the picrate extraction method for a number of novel 

compounds. A series of bis-crown ethers is examined for their ability to form 

"sandwich complexes" with the alkali metal picrates in deuteriochloroform. 

Likewise, two novel large ring crowns are examined for their selectivity for the 

alkali metal picrates in single-ion extraction studies. A novel series of functionalized 
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four-oxygen crowns ranging in size from 12-crown-4 to 16-crown-4 is tested for 

their selectivity for lithium over sodium in two different solvent systems. 



CHAPTER2 

SYNTHESIS OF FUNCTIONALIZED CROWN ETHERS 

Results and Discussion 

Hydroxymethylcrown Ethers 

The synthetic strategy for the preparation of functionalized crown ethers 

revolved around the preparation of a single starting material containing a pendant 

functionality masked by some removable protecting group from which different 

sized crown ethers of a given type could be synthesized. Once regenerated, the site 

of functionality served as a location for further chemical elaboration. With this 

strategy in mind, the key intermediate 4-benzyloxymethyl-3,6-dioxa-l,8-octanediol 

(53) was prepared""̂  by the method outiined in Scheme 1. 

CH2OH 

J ~ ^ PhCH2Cl 

/ ^ KOH 
42 

o o 
X 
5Q 

CH20CH2Ph 

H30^ 
CH20CH2Ph 

OH HO 

1) 2 CICH2CO2H, 
t-BuOK / t-BuOH 

2) EtOH, H+ 

CH20CH2Ph 

pO o ^ 1 
L̂ TT rrr^J THF OH HO* 

52 

o O ^ 

CH20CH2Ph 

0= 0̂ 0^0 
Et Et 

52 
Scheme 1. 
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The method outlined represents an improved synthesis of the target compound 

52. which was prepared previously by a more difficult route^°^. The 

commercially-available 1,2-isopropylidene glycerol (49) was treated with benzyl 

chloride according to the literature procedure"^ followed by hydrolysis of the 

isopropyUdene group in aqueous acid to give diol 51' Reaction of 51 with two 

equivalents of chloroacetic acid in the presence of potassium t-butoxide in l-butyl 

alcohol gave a dicarboxylic acid intermediate which was converted without 

purification into diethyl ester 52. This diester was reduced with lithium aluminum 

hydride in THF to produce diol 52 in an overall yield of 56% from 51. 

Compound 52 was subsequentiy used"^ in the synthesis of the novel crown 

ether 56. Cyclization of diol 52 with ditosylate 54 in the presence of KOH in THF 

gave the product ll-(benzyloxymethyl)-2,3-benzo-18-crown-6 (55.) in 54% yield. 

Removal of the benzyl-protecting group by catalytic hydrogenation gave the novel 

hydroxymediyl-substituted crown etiier 56 (Scheme 2). 

- -0 o ^ r^^^ '̂̂ ^ ^^^ 
^OH HO"̂  <^0 

52 

Scheme 2. 
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Diol 52 was also used in a comparative study"" of altemative synthetic routes to 

benzyloxymethyl-21-crown-7 (59a) and benzyloxymethyl-24-crown-8 (59b). The 

reaction of 52 with tetraethylene glycol ditosylate (58b) in the presence of potassium 

t-butoxide in THF gave 52a in 44% yield. This route provides a significant increase 

in yield over the previously reported"' yield of 27%. Cyclization of 52 with 58c 

under identical conditions gave 59b in 35% yield, while the reaction of 52 with 

58a gave 59b in 46% yield. Both methods provided yields which far surpass the 

previously reported"' yield of 14% for 59b. Removal of the benzyl-protecting 

group of these compounds provided the hydroxymethyl-functionalized crown 

compounds 6Q in quantitative yields (Scheme 3). 

r^ 
^O OH 

r^o OH 
O^ ^ - ^ n 

6 
52 n=l 
52 n = 2 

58a n = l 
58b n = 2 
58c n = 3 

o ^ O ^ O H 

^o o^ 

60a p = 2 
60b p = 3 

Scheme 3. 
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As part of a larger study"^, 5-hydroxymethyl-l,10-diaza-21-crown-7 was 

synthesized. The key intermediate diacid chloride M was prepared by quantitative 

acid hydrolysis of allyl glycidyl ether (61) to give allyl glycerol (62). followed by 

condensation with two equivalents of chloroacetic acid to give the dicarboxylic acid 

62 in 55% yield after high vacuum distillation. Treatment of 62 with oxalyl chloride 

in benzene gave the diacid chloride 64 in quantitative yield (Scheme 4). 

o 
O 2CICH2CO2H Q Q 

Itgi' O^OHHolo 
62 

(C0C1)2 
jff~'\ / benzene 

O 

O O-

OJ^Cl Cl-^O 

64 

Scheme 4. 

Tetraethlene glycol diamine (65) and triethylamine were combined with diacid 

chloride 61 in toluene at Ô C under the conditions of high dilution to give tiie 

allyloxymetiiyl-substituted cyclic diamide 66 in 54% yield. Isomerization of the 

allyl-protecting group on Pd/C followed by acid catalyzed cleavage produced the 

hydroxymetiiyl-substituted diamide 62 in 81% yield. Reduction of the diamide with 

litiiium aluminum hydride in THF gave 5-hydroxymethyl-l,10-diaza-21-crown-7 
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(6&) in 73% yield (see Scheme 5). The corresponding 5-hydroxymetiiyl-1,10-

diaza-18-crown-6 and 5-hydroxymetiiyl-l,10-diaza-15-crown-5 were likewise 

prepared from triethylene glycol diamine and diethylene glycol diamine, 

respectively^^. 

o ^ o 

^ O O + ^ O ' ^ NEt3 ^ i-O O-^ 
J 1 H2N NH2 * ^ , ^ L ^ 

O^Cl Cl-^O . . ' O^NH H N ^ O 
64 

65 

66 

HCIO, Pd/C 

OH OH 
LiAlH4 I ( 

NH HN-^ O ^ N H H N - ^ O 

6& 62 

Scheme 5.* 

Chromogenic Crown Ethers 

A wide variety of chromogenic crown ethers have been prepared which contain 

picrylamine, aminodinitrotrifiuoromethylbenzene or azophenol chromophores. 

Complexation of a cation in the cavity of the crown ether is accompanied by the loss 

of a proton from the chromophore unit, resulting in a shift in the absorption 

maximum of the crown-cation complex from that of the free chromogenic crown. 

The azophenol chromogenic crown ether 22 was synthesized by the reaction of 
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pentaethylene glycol with sodium hydride and 2,6-di(bromomethyl)anisole^^ (62) in 

THF to give the methoxycrown ether 2il in 51% yield. Demethylation of the 

methoxy-protecting group with lithium iodide in pyridine produced the phenol 

crown 21. in 87% yield. The synthesis of 21 has been reported by others in the 

recent literature' .̂ Coupling of ĵ -nitrobenzenediazonium chloride to 21 in aqueous 

base produced the azophenol crown 22 in 60% yield (Scheme 6). 

OCH3 

62 

NO2 

0 
N 

II 

N 

^O OH O-. 
^o oc:̂  
^ o o- / 

\ / 

0 2 N - ^ N 2 

NaOH 

22 21 
Scheme 6. 

A series of aniline-type chromogenic crown ethers were prepared from 

benzo-21-crown-7 (22)^^, each having a different type of substituted aniline 

attached to the crown's aromatic ring. Nitration of benzo-21-crown-7 was 

performed by adding nitric acid to a mixture of the crown and acetic acid in 

chloroform to produce 4'-nitrobenzo-21-crown-7 (24) in 85% yield. Reduction of 
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tiie nitro group by catalytic hydrogenation gave the anilino-21-crown-7 25 in 94% 

yield. Coupling of the aniline crown to various trisubstituted chlorobenzenes 

produced tiie chromogenic compounds 26 in yields of 88% to 94% (see Scheme 7). 

These chromogenic crowns were subsequentiy screened by contacting chloroform 

solutions of the crowns with various concentrations of aqueous alkali metal 

hydroxides. The results of these experiments showed the chromophore associated 

with compound 26a to be the most useful of the three types investigated, producing 

a well resolved spectral shift at the lowest hydroxide concentrations used. The 

results of the screening tests are listed in Table 11 in Chapter 4. 

The results of the tests with compounds 26 led to the incorporation of the 

l-amino-2,4-dinitro-6-trifiuoromethylbenzene chromophore from compound 76a 

into several phenoxymethyl-substituted crown ethers. It was thought that the 

mobility of a crown ether attached to the chromophore by a pendant arm would 

allow greater interaction of a bound cation with the chromophore anion and thereby 

enhance extraction efficiency. The orientation of the pendant crown ether with 

respect to the amine chromophore was varied ortho. to meta. to para on their mutual 

aryl ring in order to find the substitution pattem with the most favorable 

characteristics. Thus a number of aminodinitrotrifluoromethylbenzene chromogenic 

crown ethers SQ and SI were synthesized from (tosyloxy)methyl-15-crown-5 (77a) 

and (tosyloxy)metiiyM8-crown-6 (77b). Tosylates were prepared by reaction of tiie 

hydroxymethylcrown ethers with p-toluenesulfonyl chloride in pyridine at -10^ C. 

These tosylates were reacted witii ortho. meta or pam-aminophenol in the presence 

of sodium hydride or potassium hydride in THF to give the corresponding 

oxymethylcrown anilines 2S and 22 in high yields. Reaction of compounds 2S and 

22 with l-chloro-2,4rdinitro-6-trifiuoromethylbenzene and sodium bicarbonate in 
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absolute methanol produced the chromogeruc crown ethers SQ and ̂  (see Scheme 

8). These compounds were screened by the same extraction system used to screen 

compounds 26- The results of these experiments are listed in Table 12 in Chapter 4. 
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25 

O' 
^ / o ?-^ HN 

X ^ NO' 

26a X = CF3, Y = NO2 
261i X = NO2, Y = CF3 
26c X = NO2, Y = NO2 

Scheme 7. 
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Fluorogenic Crown Ethers 

Two novel fiuorogenic crown ethers S2 were prepared from commercially 

available N-naphthyldiethanolamine (S2) by condensation with the ditosylates of 

triethylene glycol and tetraetiiylene glycol in dimethylformamide in the presence of 

sodium hydride or potassium hydride, respectively. Cyclization under identical 

conditions resulted in very different yields of the desired products. While reaction 

of S2 with sodium hydride and triethylene glycol ditosylate provided 67% of 83a. 

the analogous reaction of ^ with potassium hydride and tetraethylene glycol 

ditosylate produced only 25% of S2l2 (see Scheme 9). Preliminary investigations of 

83a. although not quantitiative, indicated that while the fiuoresence of the compound 

is not perturbed in methanol or dichloromethane solution by the introduction of alkali 

metal salts, addition of silver, thallium and zinc perchlorates causes substantial 

fiuoresence quenching. 

CO /-"^ % . 
OH HO T s O ^ DMF ^ ^ ^^^ 

52 

83a n = l 
83b n = 2 

Scheme 9. 

Bis-Crown Ethers 

Two series of bis-crown etiier diesters were prepared by reaction of hydroxy

crowns I5d and S5 witii common diacid chlorides in dichloromethane at reflux (see 
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Scheme 10). The reactions typically proceeded in good yields (65-81%). These 

compounds were extremely hygroscopic and held either water or an organic solvent 

very tightiy. The bis-crown etiiers M and S6 were tested for tiieir ability to extract 

sodium and potassium cations by the picrate extraction method and although 

extraction and association constants were low, some were found to "sandwich" 

potassium ion (see Chapter 4). Compound Ma has recentiy been reported by otiier 

researchers'^ with the observation of an unusually strong association of 15d and 

84a with merciuic ion. 

Ê cpgrimgntal 

^H NMR spectra were recorded with Varian EM360 or EM360A spectrometers 

and are reported in parts per million (8) downfield from tetramethylsilane. ER 

spectra were recorded with a Nicolet MX-S spectrometer and are reported in 

reciprocal centimeters. The term "deposit" refers to IR samples which were 

prepared by dropping a solution of the sample to be analyzed on an IR salt plate, 

evaporating the solvent and recording the spectrum of the remaining residue. Mass 

spectra were obtained on a Hewlett Packard 5995-B GC/MS instrument. Melting 

points were taken with a Fisher-Johns melting point apparatus and are uncorrected. 

Elemental analysis was performed by Galbraitii Laboratories, Inc. of Knoxville, 

Tennessee. 

Hydroxymethylcrown Ethers 

The following syntiiesis of benzylglycerol was performed according to the 
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literature method^^. 

Benzvl Solket̂ l̂ (̂ m 

To 400 ml dry benzene in a 1 titer fiask equipped witii a Dean-Stark trap and 

mechanical stirrer was added Solketal (42) (76.65 g, 0.58 mole), benzyl chloride 

(151.90 g, 1.20 mole) and KOH (68.0 g). The mixture was stirred and refiuxed for 

24 h until all water was removed. The solution was filtered, and after evaporation of 

tiie solvent in vacuo tiie residue was distilled under vacuum (107^-108^0,0.50 torr) 

to produce 114.2 g of 5Q (88.5% yield) (see Scheme 1). 

Benzvloxvmethvlethvlene Glycol (Rfinzvl Glycerol) (51) 

Benzyl solketal (511) (114 g) was refiuxed in 250 ml of 1.5M H2SO4 for 

approx. 2 h. Water (150 ml) was evaporated in vacuo and tiie resulting solution was 

made basic witii NaOH, then saturated witii NaCl. The solution was extracted witii 

3 X 250 ml of EtOAc. The extracts were combined, dried over MgS04 ^ ^ ^e 

solvent was evaporated in vacuo. Distillation of tiie residue (157^-163^0 / 0.20 

torr) gave 81.0 g of 51 (86.5% yield) (see Scheme 1). 

4-Benzyloxymethyltriglycolic Acid Diethyl Ester (52) 

Benzyl glycerol (51) (81.0 g, 0.445 mole) was dispersed in 1.5 liter of t-BuOH 

and t-BuOK (250 g, 2.23 mole) was added all at once. The solution was refiuxed 

under nitrogen for 1 h. Chloroacetic acid (105.3 g, 1.11 mole) was dissolved in 
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300 nti of t-BuOH. This solution was added slowly to the refiuxing mixture. After 

completion of the addition the solution was stirred at refiux ovemight. The t-BuOH 

was then removed by distillation under reduced pressure until a thick paste 

remained. Water (300 ml) was added to this residue and the solution was extracted 

with 2 X 150 nti of Et20. The remaining aqueous layer was the acidified with 6N 

HCl and extracted with 5 x 150 ml of EtOAc. The combined EtOAc extracts were 

washed with brine and dried over MgS04. The mixture was filtered and the solvent 

evaporated in vacuo to yield a yellowish residue. This residue was dissolved in 1.1 

liter of benzene/etiianol (2:1), p-toluenesulfonic acid (8.0 g, 0.046 mole) was added 

and the solution was refiuxed for 5 h with cycUng of the condensate through a 

Soxhlet extractor containing Na2S04 to remove water as it was formed. The 

solvent was evaporated in vacuo and the residue was dispersed in Et20, extracted 

with IM NaHC03, washed with water and dried over MgS04. The solvent was 

evaporated in vacuo and tiie residue was distilled under high vacuum (170°- 172°C / 

0.30 mm) to yield 91.5 g of 52 (58% yield from 51) as a colorless oti (see Scheme 

1). 

Ref. index @ 24^0 = 1.4810 

IR (neat, cm"!): 1745 (C=0), 1120 (C-O). 

NMR (CDCI3, 6) : 1.26 (t, 6H); 3.56-4.45 (m, 13H); 4.53 (s, 2H); 7.28 

(s, 5H). 

Anal, calcd. for CigH2607: C, 61.00; H, 7.39. Found: C, 60.87; H, 7.37. 
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4-Benzvloxvmethvltriethvlene Glycol (53) 

Litiuum aluminum hydride (15.0 g, 0.395 mole) was suspended in 250 ml of 

THF and dietiiyl ester 52 (53.1 g, 0.150 mole) in 200 ml of THF was added slowly 

to the stirred suspension. After the addition, the solution was refiuxed for 3 h, 

cooled to room temperature, and then cooled in an ice bath. Excess LiAlH4 was 

destroyed by slow sequential addition of the following solutions: 1) 15 ml of water 

and 75 ml of THF, 2) 15 ml of 15% NaOH, 3) 75 ml of water and 75 ml of THF. 

The suspension was stirred ovemight and the salts filtered. The filtered salts were 

refiuxed in 200 ml of THF and filtered. The filtrates were combined and evaporated 

in vacuo. The residue was dissolved in Et20 and dried over MgS04. The Et20 was 

evaporated in vacuo and the residue was distilled (179^-181°C / 0.40 torr) to give 

33.3 g of 52 (83% yield) as a colorless oil (see Scheme 1). 

Ref. index (a) 24^0 =1.5092 

IR (neat, cm'^ : 3400 (O-H); 1100 (C-O). 

NMR (CDCI3, 5): 3.40-4.30 (m, 15H); 4.53 (s, 2H); 7.31 (s, 5H). 

Anal, calcd. for Ci4H22O5-0.5 H2O: C, 60.20; H, 8.30. Found: c, 60.08; 

H, 7.93. 

Crown Ether Ring Closure Reactions : 
General Procedure (Scheme 3) 

The appropriate benzyloxymethylpolyethylene glycol (52 or 52) was dissolved 

in 580 ml of dry THF under nitrogen. To the solution was added t-BuOK all at 

once, and the suspension was stirred for 1 h at room temperature. The 

corresponding ditosylate in 250 ml of dry THF was added by dropping funnel 
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slowly over approx. 6 h. The solution was stirred at room temperature for 11 days 

with periodic fiushing of the fiask with nitrogen. After this period the mixture was 

refiuxed for an additional 2 days. The mixture was cooled to room temperature, 

filtered, and the salts were washed with 2 x 25 ml of CH2CI2. The filtrates were 

combined and evaporated in vacuo. The residue was chromatographed on alumina 

to yield the product as a colorless oil. These compounds were identical to samples 

prepared previously"' using a lower-yield method 

Benzyloxymethyl-21-crown-7 (59a) 

The crown was prepared using benzyloxymethyltriethylene glycol (53) (5.41 g, 

0.020 mole), tetraetiiylene glycol ditosylate (58b) (10.05 g, 0.020 mole), and 

t-BuOK (4.60 g, 0.041 mole) according to the procedure outiined above. Chroma

tography on alumina using EtOAc as eluent gave 3.76 g of 52a (44% yield) (see 

Scheme 3). 

Benzyloxymetiiyl-24-crown-8 (59b) 

This compound was prepared by two methods as a comparative study . 

Method #1: When prepared by the procedure described above using benzyloxy-

metiiyltriethylene glycol (52) (5.41 g,0.020 mole), pentaethylene glycol ditosylate 

(58c) (10.94 g, 0.020 mole) and t-BuOK (4.60 g 0.041 mole), tiie salts which were 

filtered at the beginning of the work-up were dissolved in 75 ml of water and the 

solution was carefully neutralized witii 0.1 M HCl. This aqueous solution was 

extracted with 3 x 50 ml of CH2CI2 which was then dried over MgS04. The 
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CH2Q2 extracts were combined with tiie THF filtrate and evaporated in vacuo. The 

remaining residue was purified by chromatography on alumina using EtOAc as 

eluent to give 3.33 g of 52h (35% yield). 

Method #2: The product was prepared by the general procedure using 

benzyloxymethylpentaetiiylene glycol (52) (3.58 g, 0.010 mole), trietiiylene glycol 

ditosylate (5Sa) (4.58 g,0.010 mole) and t-BuOK (2.36 g, 0.021 mole) and was 

worked up according to the procedure outHned for Method #1 above to give after 

chroma- tography (same conditions) 2.16 g of 59b as a colorless oil (46% yield). 

This route was found to be superior to the route used in Method #1, giving a higher 

yield and a much cleaner crude reaction mixture as determined by thin layer 

chromatographic analysis. 

Debenzylation of Benzvloxvmethylcrown Ethers: General Procedure 

The indicated reagents were combined in a Parr hydrogenator flask and shaken 

under 30 p.s.i. of hydrogen gas for 24 h. The solution was filtered and the solvent 

evaporated in vacuo to give the final product 

Hydroxymethyl-21-crown-7 (60a) 

Debenzylation was performed by the general procedure using benzyloxy-

metiiyl-21-crown-7 (59a) (3.34 g, 8.81 mmole), 10% Pd/C (0.33 g) and approx. 

20 mg of n-toluenesulfonic acid in 25.0 ml of 95% EtOH to give 2.98 g of product 

(100%) as a colorless oil. 
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Hydroxymetiiyl-24-crown-8 (60b) 

Hydrogenation according to the general procedure using benzyloxymethyl-24-

crown-8 (521l) (3.33 g 7.046 mmole), 10% Pd/C (0.33 g) and approx. 20 mg of 

U-toluenesulfonic acid in 25.0 ml of 95% EtOH produced 2.75 g of hydroxycrown 

6Q!i (100%). 

Synthesis of 5-Hydroxymethyl-1.10-
Diaza-21-Crown-7 (68) (Scheme 5) 

Allyl Glycerol (62) 

This compound was prepared by the literature method^ .̂ 

To a solution of allyl glycidyl ether (61) (114.14 g, 1.00 mole) in 700 ml of 

acetone:water (1:1) was added 2.3 ml of cone. H2SO4, and the mixture was stirred 

at refiux ovemight. The solution was cooled to room temperature, neutralized with 

10% NaOH, and evaporated in vacuo. The residue was dissolved in CH2CI2 and 

dried over MgS04. After filtration and evaporation of the filtrate in vacuo, the 

residue was vacuum distilled (110°-120°C / 2.4 ton-; {liL: 111^-114° C / 3.0 ton-}) 

to give 99.12 g of 62 (75%) (see Scheme 4). 

NOTE: This reaction should be stopped at 5 h and not allowed to refiux 

ovemight. Extensive heating promotes acid-catalysed polymerization. 

IR (neat, cm'^: 3650-3111 (OH); 1647 (CH=CH2); 1122 (C-O). 

NMR (CDCI3, 5): 3.30-4.20 (m, 7H); 4.62 (s, 2H); 4.95-5.47 (m, 2H); 

5.07-6.30 (m, IH). 
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4-Allyloxymetiiyl-3,5-dioxapahnitic Acid (62) 

To a solution of t-BuOK in 1.12 titer of 1-BuOH which was mechanically-stirred 

under nitrogen was added allyl glycerol (62) (43.8 g, 0.331 mole). The solution 

was stirred at refiux for 1 h, and chloroacetic acid in 225 ml of t-BuOH was added 

slowly over 2 h. The resulting mixture was stirred at refiux for 18 h, evaporated, 

and the salts were dissolved in a minimum of water. This solution was extracted 

with 2 X 200 nti of Et20 then made acidic with 6N HCl. The acid solution was 

extracted with 5 x 200 ml of EtOAc, saturating the aqueous solution with NaCl 

between extractions. The EtOAc extracts were combined and washed with 10 ml of 

brine solution and then dried over MgS04. After filtration and evaporation in 

vacuo, the residue was distilled under high vacuum (220^-230° C / 0.007 torr) to 

give 44.89 g (55% yield) of 62 as a pale yellow, hygroscopic oil (see Scheme 4). 

IR (neat, cm'^: 3700-2300, (COOH); 1737,(C=0); 1651 (C=C), 1118, (C-O). 

NMR (CDCI3, 5): 10.86 - 11.32 (s,2H); 5.55 - 6.32 (m, IIH); 4.92 - 5.50 

(dd, 2H); 3.25 - 4.65 (m, IIH). 

Anal, calcd. for C10H16O7H2O : C, 45.10; H, 6.81. Found : C, 45.32; H, 

6.76. 

4-Allyloxymetiiyl-3,5-dioxapahnityl Chloride (64) 

Dioxapalmitic acid (63) (2.25 g, 9.06 mmole) was dissolved in 20 ml of dry 

benzene and oxalyl chloride (10.66 g, 84 mmole) was added all at once. A small 

amount of pyridine (3 drops) was added as a catalyst which caused an immediate 

and visible reaction to begin. The fiask was fitted with a drying tube and stirred for 
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48 h at room temperature. The nuxture was then quickly filtered on a dry sintered 

glass funnel, evaporated m vacuo, and then coevaporated once witii dry benzene. 

The residue was stirred under vacuum for 30 min. and used immediately for tiie 

following ring closure reactions (see Scheme 4). Elemental analysis was not 

performed on this compound because of its extreme hygroscopic and corrosive 

nature. 

IMPORTANT: It is necessary to time the preparation of this material so that it 

may be used immediately for the next reaction. This diacid chloride decomposes 

within a matter of days after it is produced. 

NMR: (CDCI3, 6) 3.40-4.15 (m,7H); 4.48 (s,2H); 4.63 (s, 2H); 5.00-5.45 

(m,2H), 5.55-6.25 (m, IH). 

Allyloxymethyl Kryptofix [3.2] Diamide (66) 

A portion of 4-allyloxymethyl-3,6-dioxapalmityl chloride (64) (3.68 g, 12.9 

mmole) was diluted to 70 ml with dry toluene (solution A). Tetraethylene glycol 

diamine (65) (2.48 g, 12.9 mmole) and triethylamine (5.26 g, 52 mmole) were 

combined and diluted to 70 nti with toluene (solution B). Solutions A and B were 

added simultaneously to 250 ml of toluene stirred under nitrogen at 0°C during a 9 h 

period. The resulting solution was stirred ovemight at room temperature. After 

ftitration and evaporation of the filtrate in vacuo, the residue was purified by 

chromatography on alumina using CHCI3 as eluent to give 2.80 g (54%) of 66 as a 

pale yellow oil. 

IR (neat, cm'^): 3423, 3354 (NH); 1674 (C=0, C=C); 1120 (C-O). 
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NMR (CDCl3,5): 3.10-4.45 (m, 27H); 5.00-5.50 (m, 2H); 5.60-6.25 (m, 

IH); 7.29 (br s, IH); 7.61 (br s, IH). 

M.S. : 404.5 (M+). 

Anal, calcd. for CigH32N20g: C, 53.45; H, 7.98. Found: C, 53.12; H, 8.33. 

Hydroxymetiiyl Kryptofix [3.2] Diamide (62) 

To a solution of the allyl-protected diamide 66 (2.60 g, 6.43 mmole) in 15 ml of 

H20/EtOH (1:1) was added 0.15 g of 5% Pd/C and 0.10 ml of HCIO4. The 

mixture was stirred at 80°C for 24 h, cooled to room temperature, filtered and made 

basic with 1 ml of cone. NH4OH. The solvent was evaporated in vacuo and the 

residue was purified by chromatography on alumina using CHCI3 as eluent to give 

1.90 g (81%) of 62 as a white crystalline soHd, m.p. = 76°-77°C. 

IR (neat, cm'l): 3348 (OH, NH); 1668 (C=0); 1116 (C-O). 

NMR (CDCI3, 5): 3.00-4.60 (m, 26H); 7.70 (s, IH); 8.15 (s, IH). 

M.S. : 364.4 (M+). 

Anal, calcd. for Ci5H2gN208: C, 49.49; H, 7.74. Found: C, 49.24; H, 7.53. 

Hydroxymethyl Kryptofix [3.2] (6S) 

An initial attempt was made to perform the reduction of 62 using BH3DMS 

according to the general method for reducing cryptand diamides (see Chapter 3). 

However these reaction conditions were found to be too harsh and resulted in a low 
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yield reaction (30%). The conversion was then attempted using LiAlH4 with much 

better results. 

To a stirred suspension of LiAlH4 (0.90 g, 23.7 mmole) in 20 ml of dry THF 

was slowly added a solution of the cycUc diamide 62 (1.73 g, 4.75 mmole) at room 

temperature. The solution was stirred at refiux for 25 h, cooled to room temperature 

and then cooled in an ice bath. A solution of 15% NaOH (2 ml) was added to 

destroy the excess LiAlH4. The resulting suspension was stirred at room 

temperature for 24 h. The mixture was filtered and evaporated in vacuo. The 

residue was subjected to chromatography on alumina using CHCl3:EtOH (25:1) as 

eluent to give 1.17 g (73%) of 6S as a light yeUow oil. 

IR (neat, cm'^: 3312, 3200 (OH, NH); 1120 (C-O). 

NMR (CDCI3, 5) 2.60-3.00 (br t, IIH); 3.40-4.00 (m, 21H). 

M.S. : 364.4 (M+). 

Anal, calcd. for C15H32N2O6: C, 53.55; H, 9.59. Found: C, 53.36; H, 9.48. 

Chromogenic Crown Ethers 

2-Methoxy-meta-xvly1 -21-crown-6 (70) 

Sodium hydride (2.7 g, 60% disp. in mineral oil, 68 mmole) was washed in 30 

irti of dry pentane and suspended in 390 ml of dry THF. The mixture was brought 

to refiux and a solution of a,a'-dibromo-2-methoxy-m-xylene (62) (7.63 g, 26 

mmole) and pentaethylene glycol (6.34 g, 26.6 mmole) in 130 ml THF was added 
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slowly over 6 h. The mixture was stirred at room temperature for 18 h, after which 

5 ml of water was added to destroy the excess NaH. The solvent was evaporated in 

vacuo and tiie residue was acidified with 6N HCl and extracted witii 3 x 50 ml of 

CH2CI2. The combined extracts were washed with water, dried over MgS04, and 

evaporated in vacuo. The residue was purified by chromatography on alumina using 

EtOAc:CH2Cl2 (1:1) as eluent to yield 4.93 g (51%) of 2Q as a white solid, m.p. = 

83^-83.5°C (see Scheme 6). 

IR (deposit, cm'^ : 1595 (Ar); 1103 (C-O). 

NMR (CDCl3,5): 3.05-4.15 (m, 23H); 4.25-4.65 (s, 4H); 6.80-7.40 (m, 

3H). 

Anal calcd. for C19H30O7 : C, 61.60; H, 8.16. Found : C, 61.68 ; H, 8.04. 

Another synthesis of compound 2Q was recentiy reported'^ by other workers. 

2-Hydroxy-meta-xyly 1-21-crown-6 (71) 

The methoxycrown 211 (4.08 g, 11 mmole) was dissolved in 30 ml of dry 

pyridine, and tithium iodide (anhydrous, 8.84 g, 66 mmole) was added. The fiask 

was sealed and the stopper wired down to hold moderate pressure, and the fiask was 

placed in a 110^ C oil bath and stirred for 48 h. The solvent was evaporated in 

vacuo and the residue was acidified with 6N HCl. After extraction with 3 x 50 ml 

CH2CI2 the combined extracts were washed with water, dried over MgS04, 

filtered, and evaporated in vacuo. The residue was subjected to chromatography on 

alumina using EtOAc:MeOH (10:1) as eluent to give 3.39 g (87%) of H as a 

colorless oil (see Scheme 6). 
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IR (neat, cm"^): 3366 (OH); 1599 (Ar); 1105 (C-O). 

N M R (CDCl3,5) : 3.40-3.85 (m, 20H); 4.50-4.75 (s, 4H); 6.65-7.25 

(m, 3H); 7.83 (s, IH). 

Anal, calcd. for C18H28O7 : C, 60.66; H, 7.92. Found : C, 60.41; H, 7.73. 

5-Diazo-(p-nitrophenyl)-2-hydroxy-
meta-xylyl-21-crown-6 (72) 

To ji-nitroaniline (1.38 g, 10 mmole) in 30 ml of IM HCl stirred at Ô C was 

added sodium nitrite (0.83 g, 12 mmole). The solution was stirred at 0°C for 15 

minutes and stored in an ice bath until ready for use. 

A solution of the phenol crown 21 (1.50 g, 4.21 mmole) in 20 ml of 0.25M 

NaOH was stirred vigorously at Ô C in an ice bath. A 15 ml portion of the prepared 

p-nitrodiazonium salt solution was added all at once. The mixture was stirred for 10 

minutes, made basic (color tumed from yellow to purple), and then stirred at room 

temperature ovemight The mixture was then acidified slowly with 6N HCl, 

filtered, and the residue was dissolved in CH2CI2. The acidic aqueous filtrate was 

extracted with 2 x 75 ml of CH2CI2 and these extracts were combined with the 

dissolved residue. This organic solution was washed with water until extracts were 

neutral to pH paper, then dried over MgS04, filtered and evaporated in vacuo. 

Chromatography of the residue on aluntina using benzene:EtOH (10:1) as eluent 

yielded 1.28 g (60%) of 22 as a red soUd, m.p. = 104^-105^0 (see Scheme 6). 

IR (deposit, cm'^: 3308 (OH); 1595 (Ar); 1520, 1390 (NO2); 1105 (C-O). 
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NMR (CDCI3, 5): 3.45-4.05 (m, 20H); 4.65-4.85 (s, 4H); 7.68-8.38 (m, 7H). 

Anal.calcd. for C24H31N3O9: C, 57.02; H, 6.18; Found: C, 56.78; H, 6.09. 

4'-Nitrobenzo-21-crown-7 (74) 

Benzo-21-crown-7 (73) (1.92 g, 5.37 mmole) was combined with 39 ml of 

glacial acetic acid in 46 ml of CHCI3. Concentrated nitric acid (8 ml) was added 

slowly over 15 minutes with constant stirring, and the mixture was stirred at room 

temperature ovemight. The solution was then neutraUzed with saturated aqueous 

Na2C03 solution and extracted with 4 x 75 ml of CHCI3. The combined extracts 

were dried over MgS04 and evaporated in vacuo to give a residue which was sub

jected to chromatography on alumina using EtOAc as eluent to provide 1.84 g (85%) 

of 24 as a yellow crystalline solid, m.p. = 67^-68^0 (see Scheme 7). 

IR (deposit, cm'^: 1587 (C=C); 1518,1452 (NO2); 1099 (C-O). 

NMR (CDCI3, 5): 3.55-4.40 (m, 24H); 6.90 (d, IH); 7.35-8.00 (m, 2H). 

Anal, calcd. for C18H27NO9: C, 53.86; H, 6.78. Found: C, 53.74; H, 6.56. 

4'-Aminobenzo-21-crown-7 (75) 

Nitrobenzo-21-crown-7 (24) (1.84 g, 4.58 mmole) was combined with 0.20 g 

of 10% Pd/C in 20 ml of dry DMF and shaken under 30 p.s.i. of hydrogen in a Parr 

hydrogenator for 18 h. Filtration of the solution to remove the catalyst followed by 

evaporation of the solvent in vacuo gave 1.60 g (94%) of 25 as a red oti. 
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IR (neat, cm'^): 3445, 3356, 3234 (NH2); 1153 (C-O); 

N M R (CDCI3, 5): 3.50-4.40 (m, 24H); 6.00-6.90 (m, 3H) 

Anal, calcd. for Ci8H29NO7-0.6 H2O: C, 56.56; H,7.96. Found: C, 56.39; 

H, 7.92. 

Chromogenic Benzo-21-crown-7s 76 

Three chromogenic crown ethers were prepared from the aminobenzo-21-

crown-7 25 according to the following general procedure. 

To a solution of 4'-aminobenzo-21-crown-7 (75) (0.20 g, 5.40 mmole) was 

added 0.64 mmole of the desired substituted chlorobenzene and 0.10 g NaHC03 in 

absolute methanol and the solution was stirred for 24 h at room temperature. After 

evaporation of the solvent the residue was purified by chromatography on aluntina 

using EtOAc as solvent to provide the pure chromogenic crown ether 26 (see 

Scheme 7). 

4'-(2,4-Dinitro-6-trifiuoromethylphenyl)-
aminobenzo-21-crown-7 (76a) 

According to the general procedure 4'-aminobenzo-21-crown-7 (75) was reacted 

with l-chloro-2,4-dinitro-6-trifiuoromethylbenzene to give the chromogenic crown 

ether 26a in 88% yield as an orange solid, m.p. = 113^-114^C. 

IR (deposit, cm'^): 3420, 3304 (NH); 1630 (C=C); 1637 (C=C); 1545, 1514 

(NO2); 1134 (C-O). 
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NMR (CDCI3, 5): 3.65-4.35 (m, 24H); 6.50-6.90 (m, 3H); 7.70 (s, IH); 8.80 

(ABq, 2H). 

Anal, calcd. for C25H30N3O11F3: C, 49.59; H, 4.99. Found: C, 49.43; H, 

5.16. 

4'-(2,6-Dinitro-4-trifiuoromethylphenyl)-
aminobenzo-21-crown-7 (76b) 

Compound 76b was prepared from 25 and l-chloro-2,6-dinitro-4-trifiuoro-

methylbenzene by the general method in 94% yield as a red solid, m.p.= 

IR (deposit, cm'l): 3420, 3319 (NH); 1637 (C=C); 1543, 1514 (NO2); 1134 

(C-O). 

NMR (CDCI3, 5): 3.50-4.30 (m, 24H); 6.40-6.90 (m, 3H); 8.38 (s, 2H); 9.85 

(s, IH). 

Anal, calcd. for C25H30O11F3: C, 49.59; H, 4.99. Found: C, 49.37; H, 5.12. 

4'-(2,4,6-Trinitrophenyl)-
aminobenzo-21-crown-7 (76c) 

According to the general metiiod 26£ was prepared from 25 and picryl chloride 

in 90% yield as a red oil. 

IR (neat, cm'^: 3298, 3095 (NH); 1620 (C=C); 1537, 1512 (NO2); 1132 

(C-O). 
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NMR (CDCI3, 5): 3.55-4.25 (m, 24H); 6.45-6.85 (m, 3H); 9.05 (s, 2H); 

10.25 (s, IH). 

Anal, calcd. for C24H29N4O13: C, 49.48; H, 5.19. Found: C, 49.30; H, 

5.24. 

(Tosyloxy)methylcrown Ethers 

All hydroxymethylcrown ethers used in the following preparation of chromo

genic crown ethers were synthesized by the literature method^^". The tosylates of 

hydroxymethylcrown ethers were prepared according to the following general 

procedure: 

The appropriate hydroxymethylcrown ether (6 mmole) was dissolved in 10 ml 

of dry pyridine and cooled to -lO^C in a salt:ice (1:3) bath. A solution of p-toluene-

sulfonyl chloride (1.42 g, 7.5 mmole) in 10 ml of pyridine was added slowly with a 

dropping funnel during 20 ntinutes at a rate which maintained the reaction 

temperature at -lO^C. The resulting solution was stirred at -lO^C for Ih and placed 

in the refrigerator ovemight. After pouring the solution over ice water in a 

separatory funnel, a large excess of 6N HCl was added to acidify the solution. The 

resulting mixture was extracted with 3 x 75 ml of CH2Q2 and the combined extracts 

were washed with water until washings were neutral to pH paper. The CH2CI2 

solution was dried over MgS04 and evaporated to give the pure crown ether 

tosylate. 



67 

(Tosyloxy)metiiyl-15-crown-5 (77a) 

Hydroxymetiiyl-15-crown-5 (3.40 g, 13.6 mmole) was tosylated in a scale-up 

of tiie above procedure to give 4.07 g (74%) of tiie (tosyloxy)metiiyl-15-crown-5. 

(Tosyloxy)methyl-18-crown-6 (77b) 

Hydroxymetiiyl-18-crown-6 (1.76 g, 6 mmole) was tosylated according to tiie 

general procedure to produce 2.08 g (78%) of tiie titie compound. 

Oxymethylcrown Ether Anilines 78 and 79 

ortho. meta or c^a-Aminophenols were coupled with an equimolar amount of a 

(tosyloxy)methylcrown ether in the presence of sodium or potassium hydride in 

THF by the following general procedure: 

The appropriate aminophenol was dissolved in 25 ml of THF and stirred with 

10% excess sodium or potassium hydride for 1 h under nitrogen at room tem

perature. The (tosyloxy)methylcrown in 10 ml of THF was added dropwise over 5 

ntinutes and the solution was stirred at refiux for 48 h. The solvent was evaporated 

in vacuo and the residue was purified by chromatography on alumina using CHCI3: 

EtOH (100:1) as eluent to produce the pure oxymethylcrown aniline (see Scheme 8). 

The ortho-oxymethvl- 15-crown-5 aniline was prepared by Dr. Bronislaw 

Czech. 
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meta-Oxymetiiyl-15-crown-5 Aniline (78b) 

The (tosyloxy)metiiyl-15-crown-5 (0.70 g, 1.73 mmole) was reacted with 

m-aminophenol (0.189 g, 1.73 mmole) in the presence of potassium hydride to give 

0.42 g (68%) of 24h as a red-brown oti. 

IR (neat, cm'^): 3450, 3360, 3205 (NH2), 1120 (C-O). 

NMR (CDCI3, 6): 3.50-4.25 (m, 23H); 6.10-7.15 (m, 4H). 

Anal, calcd. for Ci7H27NO6-0.5 H2O: C, 58.27; H, 8.05. Found: C, 58.21; 

H, 7.85. 

para-Oxymethyl- 15-crown-5 Aniline (78c) 

The (tosyloxy)methyl-15-crown-5 (0.70 g, 1.73 mmole) was reacted with 

j2-aminophenol (0.19 g, 1.73 mmole) in the presence of potassium hydride to give 

0.425 g (69%) of 24£ as a tight yeUow oti. 

IR (neat, cm'^): 3455, 3360, 3200 (NH2); 1125 (C-O). 

NMR (CDCI3, 6): 3.50-4.00 (m, 21H); 6.58-6.75 (AB^, 4H). 

Anal, calcd. for Ci7H27NO6-0.5 H2O: C, 58.27; H, 8.06. Found: C, 58.39; 

H, 8.48. 

ortho-Oxvmetiivl- 18-crown-6 Aniline (79a) 

A solution of a-antinophenol (0.24 g, 2.24 mmole) in THF was reacted with 

(tosyloxy)methyl-18-crown-6 (1.00 g, 2.23 mmole) in the presence of sodium 
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hydride to give 0.82 g (95%) of 25a as a tight yeUow oti. 

IR (neat, cm'^): 3456, 3360, 3205 (NH2); 1618 (C=C); 1122 (C-O). 

NMR (CDCI3, 5): 3.45-4.25 (m, 27H); 6.70 (s, 4H). 

Anal, calcd. for C19H31NO7: C, 59.20; H, 8.11. Found: C, 59.09; H, 8.22. 

m£ta-Oxymetiiyl-18-crown-6 Aniline (79b) 

m-Aminophenol (0.27 g, 2.5 mmole) was reacted with the (tosyloxy)methyl-

18-crown-6 (1.00 g, 2.23 mmole) in the presence of potassium hydride to produce 

0.85 g (99%) of 251l as a tight yellow oti. 

IR(neat, cm"!): 3445, 3362, 3217 (NH2); 1602 (C=C); 1105 (C-O). 

NMR (CDCl3,5): 3.45-4.15 (m, 27H); 6.15-6.40 (m, 3H); 6.80-7.05 (m, 

IH). 

Anal, calcd. for C19H31NO7: C, 59.20; H, 8.11. Found: C, 59.12; H, 8.20. 

Chromogenic Crown Ethers 80 and 81 

The chromogenic crown ethers SH and M were prepared according to the 

following general procedure. 

To a solution of the appropriate crown ether antiine in 10 ml of absolute MeOH 

was added a 20% molar excess of l-chloro-2,4-dinitro-6-trifiuoromethylbenzene 

and an excess of NaHC03. The resulting suspension was stirred at room 

temperature for 24-48 h, evaporated in vacuo, and the residue was chromatographed 
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on alumina ustiig EtOAc as eluent to provide the pure chromogenic crown etiier (see 

Scheme 8). 

The chromogenic compound SQa was prepared by Dr. Bronislaw Czech. 

meta-(2,4-Diiutro-6-trifiuorometiiylphenyl)-
aminophenoxymetiiyl-15-crown-5 (80b) 

m-Aniinophenoxymethyl-15-crown-5 was reacted and the product worked up as 

described above to produce 0.45 g (69%) of SQh as a red sotid. 

IR (deposit, cm" )̂: 3416, 3302 (NH); 1545 (NO2); 1126 (C-O). 

NMR (CDCl3,5): 3.55-4.10 (m, 21H); 6.45-7.35 (m, 4H); 7.60 (s, IH); 8.75 

(ABq, 2H). 

Anal, calcd. for C24H28N3O10F3 : C, 50.09; H, 4.90. Found: C, 50.04; H, 

4.90. 

para-(2.4-Dirutro-6-trifiuoromethylphenyl)-
aminophenoxymethyl-15-crown-5 (80c) 

The j2-antinophenoxymethyl-15-crown-5 (74c) (0.32g, 0.89 mmole) was re

acted under the conditions of the general procedure to give 0.33 g (74%) of the 

chromogenic crown ether 5Q£ as a thick red oil. 

IR (neat, cm'^): 3416, 3302 (NH); 1545,1515 (NO2); 1136 (C-O). 

NMR (CDCI3, 5): 3.45-4.05 (m, 21H); 6.80 (s, 4H); 7.70 (s, IH); 8.65 (ABq, 

2H). 
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Anal, calcd. for C24H28N30ioF3-1.5 H2O: C, 47.84; H, 5.18. Found: C, 

48.05; H, 5.13. 

2irtiiQ-(2,4-Dinitro-6-trifiuoromethylphenyl)-
aminophenoxymethyl-18-crown-6 (81a) 

Using the general method described above, i2-aminophenoxymethyl-18-crown-6 

(25a) (0.82 g, 2.13 mmole) was reacted to produce 0.88 g (67%) of Ma as a thick 

red oti. 

IR (neat, cm'^): 3427, 3300 (NH); 1547,1346 (NO2); 1120 (C-O). 

N M R (CDCI3, 5): 3.30-4.45 (m, 25H); 6.80-7.25 (s, 4H); 7.60-8.00 (s, IH); 

8.75 (ABq, 2H). 

Anal, calcd. for C26H32N3O11F3H2O: C, 48.98; H, 5.38. Found: C, 48.72; 

H, 5.35. 

meta-(2.4-Dirutro-6-trifluoromethvlphenvl)-
aniinophenoxymethyl-18-crown-6 (81b) 

m-Aminophenoxymetiiyl-18-crown-6 (79b) (0.85 g,2.20 mmole) was reacted 

according to the general procedure to produce 0.91 g (67%) of Ma as a red oil. 

IR (neat, cm"!): 3416, 3304 (NH); 1547, 1336 (NO2); 1105 (C-O). 

NMR (CDCI3, 6): 3.50-4.20 (m, 25H); 6.45-6.85 (m, 3H); 7.00-7.40 (m, 

IH); 7.45-7.85 (s, IH); 8.72 (ABq, 2H). 
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Anal, calcd. for C26H32N3O11F3: C, 50.40; H, 5.21. Found: C, 50.65; H, 

5.60. 

Fluorogenic Crown Ethers 

The fiuorogenic crown ethers S2 were prepared according to the foUowing 

general procedure. 

A solution of the appropriate metal hydride in 100 ml of dry DMF was stirred 

under nitrogen and a solution of N,N-bis(2-hydroxyethyl)-l-aminonaphthalene (82) 

(4.63 g, 20 mmole) in 100 ml of DMF was added dropwise and the solution was 

stirred for 1 h. The appropriate ditosylate (20 mmole) was added slowly over 2 h 

and the solution was stirred for 4 days at room temperature and then for an extra 24 

h at 70^ C. The solvent was removed in vacuo and the residue was dissolved in a 

minimum of water and was extracted with 4 x 100 ml of CH2CI2. The extracts 

were combined and dried over MgS04, filtered and evaporated in vacuo. The 

residue was subjected to chromatography on aluntina using Et20:EtOH (100:1) as 

eluent to give the pure product as a yeUow oil (see Scheme 9). 

N-Naphthvl-monoaza-15-crown-5 (83a) 

N,N-Bis(2-hydroxyethyl)naphthylantine (S2) was treated by the general method 

with sodium hydride (2.(X) g, 50 mmole) and then triethylene glycol ditosylate (9.17 

g, 20 mmole) to give 4.62 g (67%) of S2a. 

IR (neat, cm"!): 1628, 1599, 1510 (Ar); 1120 (C-O). 



73 

NMR (CDCI3, 5): 3.50-3.95 (m, 20H); 6.70-7.80 (m,7H). 

Anal, calcd. for C20H27NO4: C, 69.54; H, 7.88. Found: C, 69.49; H, 8.11. 

N-Naphthvl-monoaza-18-crown-6 (83b) 

Compound £2 was treated as above witii potassium hydride (8.00 g, 22.1% 

disp. in mineral oti, 44.1 mmole) and tiien tetraetiiylene glycol ditosylate (10.06 g, 

20 mmole) to give tiie product (1.95 g, 5.0 mmole, 25% yield) as a tight yeUow oti. 

IR (neat, cm"!): 1628,1599,1510 (Ar); 1116 (C-O). 

NMR (CDCI3,5): 3.50-3.95 (m,24H); 6.70-7.80 (m, 7H). 

Anal, calcd. for C22H31NO5: C, 67.84; H, 8.02. Found: C, 67.55; H, 7.82. 

Bis-Crown Ethers 

The bis-crown ethers M and S6 were prepared according to the following 

general procedure. 

A solution of 10.0 g of the hydroxycrown ether (15b or S5) in 200 nti of 

CH2CI2 was brought to refiux and a mixture of the appropriate diacid chloride (0.55 

equivalents) in 20 ml of CH2CI2 was added slowly by syringe pump over 2.5 h. 

The reaction mixture was refiuxed for 2 h, cooled to room temperature and washed 

witii 3 X 75ml of a solution of 1 M NaHC03 in saturated NaCl . The CH2CI2 

solution was dried over MgS04 and evaporated in vacuo, and the residue was 
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extracted on a Soxhlet extractor for 24 h using EtOH as tiie extraction solvent. The 

volume of EtOH was then reduced to 50 ml and the solution was cooled in an ice 

bath untti the product crystaUized. The crystaltine product was collected and 

washed with cold cyclohexane and left under vacuum ovemight (see Scheme 10). 

Oxalvl Bis(dibenzo-16-crown-5) (84a) 

Compound Ma (ni.p. = 145^-147^0) was produced in 70% yield by reaction of 

15b with oxalyl chloride under the conditions of the general procedure. 

IR (deposit, cm'^): 1735 (C=0); 1597 (C=C); 1140 (C-O). 

NMR (CDCl3,5): 3.65-4.65 (m, 24H); 5.45-5.80 (p, 2H); 6.65-7.15 (s, 

16H). 

Anal, calcd. for C4oH420i4-H20: C, 62.81; H, 5.80.Found: C, 62.53; H, 

5.88. 

Malonvl Bis(dibenzo-16-crown-5) (84b) 

By the general procedure compound Ml2 (ni.p. = 70^-75^C) was synthesized in 

65% yield by reaction of I5]i with malonyl chloride. This compound analyzed as a 

partial solvate with CH2CI2. 

IR (deposit, cmrh 1740 (C=0); 1595 (C=C); 1140 (C-O). 

NMR (CDCI3, 8): 3.45-4.60 (m, 26H); 5.55 (s, 2H); 6.90 (s, 16H). 

Anal, calcd. for C4iH44Oi4-0.10 CH2CI2: C, 64.17; H, 5.79. Found: C, 

64.23; H, 5.81. 
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Oxalvl Bis(dicyclohexaTio-16-crown-5) (86a) 

By the general procedure compound S6a was synthesized by reaction of 85 with 

oxalyl chloride in 81% yield as a colorless oti. 

IR (neat, cm" )̂: 1763 (C=0); 1118 (C-O). 

NMR (CDCI3, 5): 1.45 (br. s., 32H); 3.65 (m, 34H); 4.45 (s, 2H{H20}). 

Anal, calcd. for C^QH^^OI^-I H2O: C, 59.53; H, 8.74. Found: C, 59.51; H, 

8.97. 

Malonvl Bis(dicyclohexano-16-crown-5) (86b) 

Compound 86b was synthesized by reaction of ^ with malonyl chloride 

according to the general procedure to give 86b in 78% yield as a colorless oti. 

IR (neat, cm'l): 1745 (C=0); 1125 (C-O). 

NMR (CDCI3, 5): 1.45 (br. s., 32H); 3.65 (s, 36H). 

Anal, calcd. for C4iH580i4-1.5 H2O: C, 60.64; H, 8.81. Found: C, 60.46; 

H, 8.93. 

Succinyl Bis(dicyclohexano-16-crown-5) (86c) 

Synthesis of compound S6£ was performed by reaction of S5 with succinyl 

chloride accorduig to the general procedure to give tiie desired product in 72% yield 

as a tight yellow oil. 

IR (neat, cm'^: 1740 (C=0); 1126 (C-O). 
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NMR (CDCI3, 5): 1.50 (br.s., 32H); 2.65 (s, 4H); 3.65 (s, 34H). 

Anal, calcd. for C42H70014-2.5 H2O: C, 59.76; H, 8.96. Found: C, 59.87; 

H, 9.00. 

Diglvcolvl Bis(dicyclohexano-16-crown-5) (86d) 

Reaction of diglycolyl chloride with S5 under the conditions of the general 

procedure gave compound 86d in 74% yield as a colorless oti. 

IR (neat, cm"!): 1736 (C=0); 1132 (C-O). 

NMR (CDCI3,5): 1.45 (br. s., 32H); 3.55 (m, 38H); 5.20 (s, 4H{H20}). 

Anal, calcd. for C42H7oOi5-2 H2O: C, 59.27; H, 8.77. Found: C, 59.40; H, 

9.08. 



CHAPTER3 

SYNTHESIS OF FUNCTIONALIZED CRYPTANDS 

Results and Discussion 

Hydroxymethyl Cryptands 

The synthesis of hydroxymethyl cryptands with a variety of cavity sizes was 

achieved from the aUyl-protected diacid chloride 64 (page 42). Under the con

ditions of high dtiution compound 64 was cyctized with the diazacrowns 28b-28e to 

give the aUyloxymethyl cryptand diamides M in moderate to good yields (52%-

72%). The allyl-protecting groups were removed by the same isomerization-

cleavage reaction described eartier for the deprotection of the aUyl-protected cyclic 

diamide 66 (page 43) to give the hydroxymethyl cryptand diamides M in good to 

exceUent yields (70%-99%). Reduction of the diamide compounds M with 

BH3'(CH3)2S in THF gave fair to good yields of the hydroxymethyl cryptands S2 

(42%-72%). 

The bicyctic compounds S2, SS., and S2 were found to strongly coordinate 

neutral, polar molecules such as water and chlorinated hydrocarbons. Even after 

drying under vacuum at elevated temperatures after purification and again before 

combustion analysis, the bicyctic allyl-protected diantides Ma and 87d analyzed as 

monohydrates and the hydroxymethyl cryptand 89d as a dihydrate. The hydroxy

methyl cryptand diantides M were difficult to free from the CHCI3 which was a 

component of the chromatographic eluent. Thus results of the combustion analysis 

of compounds 88b and 88d were consistent with partial chloroform solvates. 

77 
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Hydroxymetiiyl cryptand ̂  formed a 1:1 solvate with CHCI3. Otiiers have noted 

the strong association of CHa3 with certain crown compounds^^. The synthetic 

route to tiie hydroxymethyl cryptands S2 is depicted in Scheme 11. 

HN NH + 

V.O oj*^ o 

2Sl2n = 0;m= 1 
2S£n = m= 1 
2Sdn=l;m = 2 
2S£n = m = 2 

a 

o'~\ 

a' 
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r-O 0-\ 

64 

NEt3 

high V o O ^ ^ 
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OH 
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SS£n= l;m = 2 
SMn = m = 2 

N-Aryl Triaza Cryptands 

The novel aryl triaza cryptands 26 were prepared by the adaptation of a reaction 

sequence previously used in peptide synthesis'" to the closure of bicyclic ring 
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systems. Synthesis of the intermediate diacids 22 was achieved by the condensation 

of diethanol amines 2Q with two equivalents of chloroacetic acid foUowed by direct 

ethyl esterification to provide the diethyl esters 21 in low to moderate yields 

(25%-49%). Subsequent acid catalysed hydrolysis of the diethyl esters produced 

the aminodicarboxytic acid hydrochlorides 22 in quantitative yields. Attempts to 

form the dicarboxylic acid chloride of 92a resulted in an unreactive, deep blue 

substance of unknown identity. The mixed anhydrides 24 were formed by reaction 

of the dicarboxytic acids 22 with 2 equivalents of isobutylchloroformate (22) in the 

presence of triethylamine. The mixed anhydrides 24 were used directly for the 

bicyclic ring closure reaction without prior purification. Cyctization of these 

anhydrides with l,10-diaza-18-crown-6 (Kryptofix [2.2]®) (28c) resulted in 

moderate yields of the corresponding bicyctic diantides 25 (32%-36%). Reduction 

of these diamides with BH3(CH3)2S in THF provided good yields of the N-phenyl 

triaza cryptands 26 (74% each). The synthetic route to these novel compounds is 

outlined in Scheme 12. 

Experimental 

Hydroxymethyl Cryptands 

The diazacrown ethers 28b and 2S£ used in the preparation of the hydroxy-

methylcryptands were purchased from E.M. Science Co. (Kryptofix® [2.1] and 

Kryptofix® [2.2], respectively). Compounds 2M and 2Ss were prepared according 

to the titerature procedure^^'^'. 
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General Method for the Synthesis of 
Allyloxymethyl Cryptand Diamides (87) 

Solutions of (1) the appropriate diazacrown ether 2S (9.2 mmole) and triethyl

amine (2.50 g, 24.7 mmole) diluted to 110 nti in toluene and (2) tiie diacid chloride 

64 (2.62 g, 9.2 mmole) dtiuted to 110 ml in toluene were added simultaneously to 

350 nti of toluene stirred vigorously at 0 -̂5^C in a Morton type reaction fiask over a 

period of 7-8 h. After the addition was completed the mixture was stirred ovemight 

at room temperature. The sotid precipitate was ftitered and washed with toluene and 

then Et20. The ftitrate was combined with the washings and evaporated in vacuo, 

and the residue was subjected to chromatography on aluntina using EtOAc/MeOH 

(40:1) as eluent to give the compounds M-

AUyloxymetiiyl [2.2.1] Cryptand Diantide (87a) 

The diamide 87a was produced from 2.0 g of the commercially-available 

Kryptofix® [2.1] in 61% yield as a hygroscopic, colorless, viscous oti. 

IR (neat, cm'l): 1645-1658 (C=0, C=C); 1120 (C-O). 

NMR (CDCI3,5): 2.32-5.45 (m, 33H); 5.55-6.25 (m, IH); 

M.S. 390.4 (M+). 

Anal, calcd. for C2oH34N208-H20: C, 53.56; H, 8.09 . Found: C, 53.45; 

H, 8.13. 

AUyloxymetiiyl [2.2.2] Cryptand Diamide (MI2) 

Diamide 87b was prepared by the general method from 2.0 g of the 
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commerciaUy-avatiable Kryptofix® [2.2] ui 72% yield as a pale yeUow oti. 

IR (neat, cm'^): 1651 (C=C,C=0); 1120 (C-O). 

NMR (CDCI3,5): 2.40-5.45 (m, 37H); 5.55-6.26 (m, IH). 

Anal, calcd. for C22H38N2O9: C, 55.68; H, 8.07. Found: C, 55.40; H, 

8.03. 

AUyloxymetiiyl [3.2.2] Cryptand Diamide (87c) 

The diantide 87c was prepared in a scale-up of the general procedure from 3.0 g 

of l,10-diaza-21-crown-7 (28d) in 52% yield as a colorless, viscous oil. 

IR (neat, cm"!): 1651 (C=C,C=0); 1120 (C-O). 

NMR (CDCI3, 5): 2.32-4.95 (m, 39H); 5.00-5.45 (m, 2H); 5.63-6.35 (m, 

IH). 

M.S. : 518.5 (M+). 

Anal, calcd. for C24H42N2O10: C, 55.58; H, 8.16. Found: C, 55.92; H, 

8.29. 

AUyloxymetiiyl [3.3.2] Cryptand Diamide (Md) 

The diantide Md was obtained from 2.65 g of l,13-diaza-24-crown-8 (2M) in 

58% yield as a hygroscopic, viscous colorless oil. 

IR (neat, cm'^): 1651 (C=0,C=C); 1147 - 1054 (C-O). 

NMR (CDCI3, 5): 2.42-4.95 (m, 43H); 5.00-5.55 (m, 2H); 5.63-6.34 (m. 
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IH). 

M.S. : 562.7 (M+). 

Anal, calcd. for C26H45N20ii-H20: C, 53.77; H, 8.33. Found: C, 53.81; 

H, 8.26. 

General Method for the Synthesis of 
Hydroxymethyl Cryptand Diamides (88) 

To a solution of allyloxymethyl cryptand diantide M (5.5 mmole) in 11 ml of a 

1:1 mixture of EtOH and H2O was added 5% Pd/C (0.16 g) and 0.1 nti of HCIO4. 

The ntixture was stirred at 80^C for 24 h, filtered to remove the catalyst, and 

neutratized with aq. NH4OH. After evaporation the residue was chromatographed 

on alumina using €HCl3/EtOH (20:1) as eluent to give the pure product M. 

Hydroxymetiiyl [2.2.1] Ciyptand Diamide (SSa) 

The diamide Ma was prepared from 2.35 g of the allyl-protected diantide Ma in 

99% yield as a white crystaUine sotid, m.p. 178^-179^0. 

IR (deposit, cm'l): 3418 (OH); 1651 (0=0); 1118 (C-O). 

NMR (CDCI3,5): 2.45-5.32 (m, 30H). 

M.S. 390.4 (M+). 

Anal, calcd. for C17H30N2O8: C, 52.29; H, 7.75. Found C, 52.61; H, 

7.78. 
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Hydroxymetiiyl [2.2.2] Cryptand Diamide (88b) 

Compound Mh was prepared from 2.00 g of the aUyl-protected diamide Ml2 in 

70% yield to give tiie solvated product as a viscous, colorless oil. 

IR (neat, cm"!): 3400 (OH); 1651-1633 (C=0); 1114 (C-O). 

NMR (CDCI3,5): 2.55-5.23 (m, 34H). 

M.S. : 434.3 (M+). 

Anal, calcd. for C19H34N2O9 • 0.4 CHCI3: C, 48.31; H, 7.19. Found: C, 

48.56; H, 7.32. 

Hydroxymethyl [3.2.2] Cryptand Diamide (88c) 

Compound SS£ was synthesized from 2.30 g of the aUyl-protected diamide M£ 

in 90% yield to give the pure product as a colorless, viscous oil. 

IR (neat, cm'^): 3400 (OK); 1651 (0=0); 1109 (C-O). 

NMR (CDCl3,5): 2.55-5.05 (m, 38H). 

M.S. : 478.5 (M+). 

Anal, calcd. for C2iH38N20io- C, 52.70; H, 8.00. Found: C, 52.52; H, 

7.95. 

Hydroxymetiiyl [3.3.2] Cryptand Diamide (SM) 

Compound 88d was obtained from 2.15 g of the aUyl-protected diamide Md in 

85% yield as a solvated, pale yellow oti. 

IR (neat, cm'^): 3373 (OH); 1643 (0=0); 1116 ((C-O). 
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NMR (CDCI3,5): 2.60-4.92 (m, 42H). 

M.S. : 522.6 (M+). 

Anal, calcd. for C23H42N2Oii-0.3 CHCI3: C, 50.11; H, 7.63. Found: C, 

49.83; H, 7.84. 

General Procedure for the Synthesis 
of Hvdroxvmethvl Crvptands 89 

To a solution of hydroxymethyl cryptand diantide M (5.4 mmole) stirring at 

room temperature in 10 ml dry THF was added dropwise a 1.0 M solution of 

BH3'(CH3)2S complex (20 nti) and the mixture was stirred at refiux for 9 h. The 

solution was cooled to room temperature, then cooled in an ice bath and water (5 ml) 

was added slowly to destroy the excess BH3. The solution was evaporated in vacuo 

and the remaining white sotid was refiuxed in a mixture of water (10 nti) and 6N 

HCl (15 ml) for 12 h. After cooling the solution to room temperature cone. NH4OH 

was added slowly with stirring to adjust the pH to 10 and the solution was 

evaporated in vacuo. The resulting precipitate was washed with 2 x 30 ml of 

MeOH. The washings were combined after filtration and Et20 was added to 

precipitate the inorganic salts. This was best done by adding a small amount of 

Et20, fUtering the solution, collecting the ftitrate and adding more Et20. This was 

done repeatedly, evaporating some solution to reduce the volume as needed, until no 

more solid precipitated from solution. The ftitrate was evaporated in vacuo and the 

residue was purified by chromatography on alumina using CHCl3/MeOH (25:1) as 
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eluent to give the pure hydroxymetiiyl cryptand S2. 

Hydroxymetiiyl [2.2.1] Cryptand (89a) 

Treatment of tiie hydroxymethyl cryptand diamide Ma (2.10 g) according to the 

general procedure gave tiie product S2a hi 46% yield as a 1:1 solvate with CHCI3, a 

pale orange sotid, m.p. = 104-110^ C. 

IR (deposit, cm'l): 3474, 3398, 3273 (OH); 1120 - 1091 (C-O). 

NMR (CDCl3,5): 2.23-3.24 (m,12H); 3.35-4.05 ( m, 22H); 5.35 (br s, IH). 

M.S. : 362.4 (M+) 

Anal, calcd. for Ci7H34N205- CHCI3: C, 44.87; H, 7.32. Found: C, 44.88; 

H, 7.66. 

Hydroxymetiiyl [2.2.2] Ciyptand (89b) 

The known compound 89b was prepared from 1.35 g of the diamide 88b and 

the product was isolated as a sodium tetrafiuoroborate salt in 72% yield. Spectral 

data were in agreement with those reported in the literature ̂ .̂ 

Hydroxymetiiyl [3.2.2] Cryptand (S2£) 

The cryptand S2£ was synthesized from 1.60 g of the diamide M£ in 69% yield 

as a colorless oti. 

IR (neat, cm'^): 3300 (OH); 1105 (C-O). 
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NMR (CDCl3,5): 2.55-3.05 (m, 12H); 3.30 (br. s. IH); 3.42-4.05 (m, 29H). 

M.S. : 450.6 (M+) 

Anal, calcd. for C21H42N2O8: C, 55.98; H, 9.40. Found : C, 55.74; H, 

9.26. 

Hydroxymetiiyl [3.3.2] Cryptand (89d) 

The diamide 88d (1.10 g) was treated according to the general procedure to give 

the product 89d in 73% yield as a pale yeUow hygroscopic oti. 

IR (neat, cm'^): 3429 (OH); 1118 (C-O). 

NMR (CDCI3,5): 2.65-3.20 (m, 13H); 3.35- 4.15 (m, 33H). 

M.S. : 494.6 (M+). 

Anal, calcd. for C23H46N209- 2H2O: C, 52.05; H, 9.50. Found : C, 51.71; 

H, 9.82. 

N-Aryl Triaza Cryptands 

General Method for the Synthesis of Diethyl Esters 91 

The appropriate diethanolamine 2Q (0.105 mole) was dissolved in 500 ml of hot 

t-BuOH under nitrogen with mechanical stirring. Potassium t-butoxide (58.8 g, 

0.530 mole) was added aU at once and the mixture was refiuxed under nitrogen for 1 

h. A solution of chloroacetic acid (19.88 g, 0.210 g) in 150 ml of l-BuOH was 

added dropwise over a period of 1 h and the resulting suspension was refiuxed for 
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48 h. The solvent was removed by distiUation under reduced pressure to produce a 

thick paste, and 200 nti of 3N HCl was added. After evaporation of tiie solvent in 

vacuo tiie residue was suspended ui 200 nti of abs. EtOH and the precipitated salts 

were filtered. The ftitrate was added to 400 ml of benzene and the resulting solution 

was refiuxed for 24 hours through a Soxhlet extractor containing anhydrous 

Na2S04 to remove water as it was formed. After ftitration and evaporation in vacuo 

the residue was dissolved in 250 nti of CH2CI2 and washed successively with 2 x 

50 nti of IM NaHC03 and then 2 x 50 ml of water. The solution was dried over 

MgS04 and evaporated in vacuo. The residue was distiUed under high vacuum to 

provide the final product 21 (see Scheme 12). 

3,9-Dioxa-6-(N-phenyl)aminoundecanedioic 
Acid Dietiiyl Ester (91a) 

Compound 2Ia was prepared from N-phenyldiethanolantine (90a) according to 

the general procedure described above to provide after distiUation (197^-198^0 / 

0.13 torr) 18.0 g (49 %) of 21a as a pale yeUow oti. 

IR (neat, cm'^): 1753 (C=0); 1601,1506 (Ar), 1138 (C-O). 

NMR (CDCl3,5): 1.13 (t, 6H); 3.59 (s, 8H); 3.93-4.47 (q+s, 8H); 6.47-

7.35 (m, 5H); 

Anal, calcd. for C18H27NO6: C, 61.17; H 7.70. Found: C, 61.53; H, 7.85. 
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3,9-Dioxa-6-G^-tolyl)antinoundecanedioic 
Acid Dietiiyl Ester (91b) 

Compound 2112 was prepared from N,N-bis(2-hydroxyetiiyl)toluiduie (90b) by 

tiie general metiiod to give after distiUation (207^-210^0 / 0.40 torr) 9.75 g (25%) 

of 2112 as a tight brown oti. 

IR (neat, cm'^): 1755 (C=0); 1618 (C=C); 1140 (C-O). 

NMR (CDCl3,5): 1.27 (t, 6H); 2.25 (s, 3H); 3.68 (br. s., 8H); 4.22 (q+s, 

8H); 6.89 (ABq, 4H). 

Anal, calcd. for C19H29NO6: C, 62.10; H, 7.96. Found: 0, 62.17; H, 8.12. 

General Procedure for the Synthesis 
of Aminodiacid Hydrochlorides 92 

The appropriate diethyl ester 21 (22 mmole) was dissolved in 40 nti of 6N HCl 

and 10 nti of water and refiuxed for 4 h. After evaporation in vacuo the resulting 

paste was suspended in 200 nti of benzene with rapid stirring and refiuxed for 16 h 

through a Dean-Stark trap to remove water. The suspension was cooled to room 

temperature, ftitered, and the precipitate was vacuum dried to give the hygroscopic 

hydrochloride salts 22 (see Scheme 12). 

3,9-Dioxa-6-(N-phenyl)aminoundecane-
dioic Acid Hydrochloride (92a) 

The diethyl ester 21a was hydrolyzed according to the general procedure to give 

7.52 g (100%) of 22a as a pale pink crystaltine solid (m.p. = 157^-158^ C). 

IR (KBr, cm-1): 3182 (COOH); 2606 (R3NH+); 1753 (0=0); 1599,1493 (Ar); 
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1140(0-0). 

NMR (d6DMSO,5): 3.26 (br. s., 12H); 7.00-7.95 (m., 5H); 10.89-11.67 

(br. s., 3H). 

Anal, calcd. for Ci4H2oN06a : C, 50.38; H, 6.04; Found: 0, 50.15 ; H, 

6.08. 

3,9-Dioxa-6-(N-toly l)aminoundecane-
dioic Acid Hydrochloride (92b) 

The dietiiyl ester 2112 was hydrolyzed to give 7.45 g (98%) of 2212 as a glassy, 

low melting sotid (m.p. = 540-63°C). 

IR (deposit, cm"!): 2926 (3705-2038) (COOH); 1737 (C=0); 1514 (C=C); 

1138 (C-O). 

NMR (d6 DMSO, 5): 2.32 (s, 3H); 3.22-4.55 (m, 12H); 7.40 (ABq, 4H); 8.84 

(br. s. 3H). 

Anal, calcd. for C15H22NO5CI: 0, 51.80; H, 6.38. Found: C, 52.04; H, 6.67. 

General Method for the Synthesis 
of Triaza Cryptand Diamides 95 

Finely powdered aminodiacid hydrochloride 22 (7.62 mmole) was suspended 

in 15 nti of CH2CI2 and dtiuted to 50 ml with toluene. Triethylantine (2.40 g, 24 

mmole) was added to the suspension and the ntixture was stirred for 15-20 minutes 

untti only a light white solid was present in suspension. This mixture was cooled to 

QO_^OQ in an ice batii, and isobutylchloroformate (2.10 g, 15.4 mmole) diluted in 
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10 nti of cold toluene was added slowly dropwise. The resulting ntixture was 

stured at 0°-5^C for 30 minutes, filtered, and dtiuted to 70 ml witii cold toluene to 

make solution A. Kryptofix 2.2® (2.00g, 7.60 mmole) was dissolved ui 10 nti of 

CH2CI2 and dtiuted to 70 nti with toluene to make solution B. Solutions A and B 

were placed in water-jacketed addition funnels maintained at 0^-5^0 and were added 

simultaneously over 8 h to 300 ml of toluene stirred vigorously at 0^-5°C under 

nitrogen. The solution was stirred ovemight at room temperature, evaporated in 

vacuo, and the residue was purified by chromatography on aluntina using 

CH2CI2/CHCI3 (3:1) to give tiie product 25 as a colorless oti. 

Triaza Cryptand Diamide 25a 

Compound 25a was prepared according to the procedure outlined above to give 

1.45 g (36%) of tiie titie product as a white crystaltine sotid, mp. = 118^-119^0. 

IR (deposit, cm'^: 1647 (C=0); 1600,1506 (Ar); 1116 (C-O). 

NMR (CDCI3,5): 2.64 - 4.48 (m, 36H); 6.50 - 7.40 (m, 5H). 

M.S. : 523.5 (M+) 

Anal, calcd. for C26H41N3O8: C, 59.64; H, 7.89; Found: C, 59.42; H, 

7.69. 

Triaza Cryptand Diamide 2512 

The diamide 2512 was prepared by the general metiiod to provide 1.33 g (32%) 

of 2512 as a white crystaUine sotid, m.p. = 129^-130^0. 
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IR (deposit, cm"!): 1651 (C=0); 1520 (0=0); 1116 (C-O). 

N M R (CDCl3,5): 2.20 (s, 3H); 2.58-4.65 (m, 36H); 6.82, (ABq, 4H). 

Anal, calcd. for C27H43N3O8: C, 60.31; H, 8.06. Found: 0, 60.21; H, 8.06. 

General Procedure for the Synthesis 
of Triaza Cryptands 96 

To a solution of cryptand diamide 25 (2.31 mmole) in 20 nti of dry THF was 

added a solution of BH3-(CH3)2S (1.0 ml, 10 mmole) ui 19 nti of dry THF, and 

the solution was refiuxed for 9 h. Excess BH3 was destroyed by the slow addition 

of 5 ml of water and the resulting suspension was evaporated in vacuo. The residue 

was refiuxed in 25 ml of 3.6N HCl for 12 h. After cooling to room temperature the 

solution was made basic with cone. NH4OH and evaporated in vacuo. The 

remaining solid was washed with 2 x 25 ml of MeOH and filtered. The filtrates 

were combined and Et20 was added to the solution to precipitate dissolved salts. 

Ftitration and evaporation in vacuo produced a residue which was purified by 

chromatography on alumina using CHCI3/CH2CI2 (2:1) to yield the cryptand as a 

colorless oti (see Scheme 12). 

N-Phenyl Triaza Cryptand 96a 

Reduction of diamide 25a according to the general procedure gave 0.85 g (74%) 

of 26a as a tight yeUow oil. 

IR (neat, cm'^: 1597, 1504 (Ar); 1126 (C-O). 

m^mm^mfmm^'^ 
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NMR (CDCl3,5): 2.54-3.12 (t., 12H); 3.40-4.00 (m, 28H); 6.50-7.46 (m, 

5H). 

M.S. : 495.5 (M+). 

Anal, calcd. for C26H45N306-H20 : C, 60.91; H, 9.24; Found: 0, 60.93; H, 

9.05. 

N-Tolyl Triaza Cryptand 26)2 

In a scale-up of the general method 95b (2.10 g, 3.9 mole) was combined with 

15 ml of IM BH3-(CH3)2S solution and worked up by the general procedure to 

give 1.47 g (74%) of 96b as a colorless oti. 

IR (neat, cm'^: 1620, 1520 (0=0); 1122 (C-O). 

NMR (CDCI3,5): 2.22 (s, 3H); 2.73 (t, 12H); 2.62 (d, 28H); 6.77 (ABq, 4H). 

Anal, calcd. for C27H47N3O7: C, 63.62; H, 9.30. Found: 0, 63.84; H, 9.10. 



CHAPTER4 

METAL ION COMPLEXATION BY 
SYNTHETIC lONOPHORES 

Results and Discussion 

The complexation capacity of various cyclic polyether ionophores was 

investigated by tiie solvent extraction technique. The picrate extraction method 

developed in Chapter 1 was used to test a variety of bis-crown ethers, a series of 

tithium-selective crown ethers, and two large-ring crown ethers. A rough screening 

technique was developed for the evaluation of the chromogenic crown ethers whose 

synthesis is outlined in Chapter 2. The results of these solvent extraction 

experiments are reported below. 

Picrate Extractions 

The picrate extraction method, as discussed previously, is a means for 

determining the complexation capacity and cation selectivity of ionophores in a 

two-phased, single-ion solvent extraction system. A solution of the ionophore to be 

investigated in CDCI3 is combined with an aqueous solution of the metal picrate salt. 

The solutions are thoroughly mixed and allowed to separate, and the equilibrium 

concentrations of metal picrate in the aqueous and organic phases are detemtined 

spectrophotometricaUy. The degree to which the metal picrate is transferred into the 

organic phase by the ionophore is a measure of the ionophore's propensity to bind 

that particular metal ion. Extraction constants (Kĝ )̂ and association constants (K )̂ 

94 
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are calculated according to tiie formulas derived in Chapter 1. It is worth noting that 

when the aqueous and organic phases are of equal volume (as they were in the 

following studies), the calculation of the association constant by Equation 4 is 

reduced to the simplified form: 

^a = ^ex^d (̂ ) 

Although the calculations which generated the data presented in the foUowing tables 

did not utitize this simplified form (K^ was calculated according to Eq. 4, Chapter 1) 

the relationship was found to hold consistentiy throughout the extraction studies. 

Values of the distribution constants (K^) for alkati metal picrates between water and 

CDCI3 in the absence of ionophore as determined by Cram et al."^ are tisted in 

Table 1. 

TABLE 1 

Distribution Constants (K ĵ) for Alkati Metal Picrates in H2O/CDCI3 

AUcati Metal Picrate K̂^ 
Lititium picrate 0.00142 
Sodium picrate 0.00174 
Potassium picrate 0.00255 
Rubidium picrate 0.00457 
Cesium picrate 0.00541 

Lipophilic Large Ring Crown Ethers 

Two lipophitic large ring crown ethers"^, dodecyloxymetiiyl-27-crown-9 (97a) 

and dodecyloxymethyl-30-crown-lO (97b) were tested for tiieir selectivities in 

single-ion extraction experiments with the alkati metal picrates. Because of theti 
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large cavity size these crown etiiers were expected to extract selectively tiie larger 

cations Rb+ or Cs"̂ , but tiistead were found to extract K+ the best. The X-ray 

crystal structure of K"̂  complexed by dibenzo-30-crown-lO reveals that the 

polyether ring is folded to provide tiiree dimensional coordination of the cation. The 

preference of compounds 22 for the extraction of K"̂  suggests simtiar wrappuig of 

these macrocycles around K"*". Compounds 22a and 2212 are depicted in Figure 28. 

Results of the extraction experiments indicate that the complexation selectivities for 

tiie tipophtiic 27-crown-9 (97a) are in tiie order K'̂ >Rb'̂ >Cs^=Na+>Li+, and for 

the lipophitic 30-crown-lO (97b) are K+«Rb'̂ > Cs"^>Na"^>Li+. Extraction data 

from these experiments are tisted in Table 2. 

Lithium Selective Crown Ethers 

In a comprehensive approach to the complexation of tithium with smaU-ring 

crown ethers'°, a series of functionalized crown ethers containing four ring 

oxygens and varying in ring size from 12 through 16 members was synthesized^^ 

and tested for their abtiity to extract tithium by the picrate extraction method. Data 

for the extraction of tithium picrate from aqueous solution into CDCI3 was compared 

to data for the extraction of sodium picrate by these crowns in the same system. A 

second organic phase system of tricresyl phosphate-1,2-dichloroethane which has 

been used in earlier work by other researchers^" was also employed for comparison 

with published data on solvent extraction of lithum picrate with small-ring crown 

ethers. 

The percent of tithium picrate extracted into CDCI3 was low in all cases. This 

condition is likely due to the high hydration energy of tithium in aqueous solutions, 
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TABLE 2 

Picrate Extraction Data for Lipophitic Large-Ring Crown Etiiers 

.Compound #__ 

97a 

97a 

97a 

97a 

97a 

97b 

97b 

97b 

97b 

97b 

_ M + _ 

U 

Na 

K 

Rb 

CsC 

Li 

Na 

K 

Rb 

Cs^ 

_ l o g K , / 

1.88 

2.85 

4.01 

3.72 

3.42 

1.40 

2.21 

4.09 

4.15 

3.59 

log K̂ ^ 

4.73 

5.61 

6.60 

6.06 

5.69 

4.25 

4.97 

6.68 

6.52 

5.86 

_-AG Occal/mole)_ 

6.4 

7.6 

9.0 

8.2 

7.7 

5.8 

6.7 

9.1 

8.9 

8.0 

_selectivity°_ 

74.1 

9.8 

(1.0) 

3.5 

8.1 

269.1 

51.3 

(1.0) 

1.4 

6.6 

a) En-ors are < ± 10%. b) Defined as the ratio of the K^ of best extracted cation to the 
K^ of the indicated cation, c) Tests run at 0.005 M crown and metal picrate. 

o o 
•-o o-' 
<^0 Q o O 

97a n = 0 
22l2n=l 

Figure 28. Lipophitic large ring crown ethers. 
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and is refiected by the K^ value of tithium picrate tii the absence of a phase transfer 

agent, which is tiie lowest of tiie series of aUcati metal picrates (Table 1). 

Some of the crown compounds studied contain pendant benzyloxymethyl 

functionatities which upon catalytic hydrogenation would yield the corresponding 

hydroxymethyl functionalized crown ethers. Benzyl groups were retained for the 

purposes of the solvent extraction study because their tipophiticity aided in keeping 

the crown-salt complexes in the orgaitic phase. Other smaU-ring crown ethers were 

prepared which contain exocyclic methylene subunits. These compounds are 

interesting because of the effect the rigid sp^ hybridized carbon in the crown ring 

has on the complexation of guest ions. These compounds were also converted into 

hydroxymethylcrown ethers by hydroboration-oxidation^ .̂ The compounds tested 

in this study are depicted in Figure 29. 

The admixture of two and three carbon chains between oxygen binding sites 

introduced asymmetry into the mediocyclic rings. Only the 12-crown-4 and 

16-crown-4 compounds are homotopic with respect to the crown ring stmcture. The 

13-crown-4 and 15-crown-4 compounds have one "odd side" to the stmcture, while 

the 14-crown-4 compounds have an equal number of two and three carbon chains 

between donor atoms. The opportunity for the reintroduction of molecular 

symmetry was reatized with the 14-crown-4 compounds by keeping identical 

bridging arms opposite each other in the ring system, thereby creating extra planes 

and axes of symmetry with respect to the crown ring structure. It has long been 

understood that symmetry is an important factor in the complexation of guests by 
• 

the crown ether hosts ̂ . 
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^o o^ ^o o-y <o o-/ 

BzOCH2^ BzOCH2^ 

2& 22 li}QaR = CH20Bz 
IDQI2 R = CH2= 

OH, 

r-O O-X y^O O -^ y^O O-^ 

Vo o-/" Vo o-/ Vo o-/ 
l _ y ^ ^ 

R BZOCH2 
lUla R = CH2OBZ iQ2a R = CH2OBZ 103 
lim2R = CH2= 1Q212R = CH2= 

^o o-/ Vo o^ \_ > 

lIMaR = CH20Bz lQ5aR = CH20Bz lI}6aR = CH20Bz 
1D412R = CH2= l£)5l2R = CH2= l M i R = CH2= 

Figure 29. SmaU ring crowns tested by picrate extraction. 

The efficiency of tithium extraction was found to be dependent on the number of 

atoms in the polyether ring and decreased in the order 14-crown-4 > 13-crown-4 > 

15-crown-4, with no extraction of lithium observed with the 12-crown-4 or 

16-crown-4 compounds. The extraction of sodium with the crown-4 compounds 

was found to be uniformly low and independent of the number of atoms in the 

polyether ring, except for the 16-crown-4 compounds 105 for which no extraction 

of sodium picrate was observed. 

The presence of two and three carbon bridges in the crown rings allowed the 
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attachment of the exocyctic functionatity to one or the other type of bridging subunit. 

Some differences in the abitity of the crowns to bind tithium or sodium were 

observed by varying the attachment site of tike functionatities on the crown ring. 

Changing the position of attachment of the benzyloxymethyl group from a two 

carbon bridge to a three carbon bridge decreased tithium ion complexation in going 

from 13-crown-4 22 to 100a. In contrast, tithium ion binding was enhanced by the 

same positional move from 14-crown-4 102a to 101a. and in the 15-crown-4s 103 

to 104a.- Extraction data for the benzyloxymethyl-substituted crowns are tisted in 

Table 3. 

TABLE 3 

Picrate Extraction Data for Benzyloxymethyl-Substituted Crown Ethers 

.Compound #_Kex (Li"̂ ) __Keĵ (Na+) K^ (Li+)^_ K^ (Na+)^_ selectivity^. 

2S 

22 

lOOa 

101a 

102a 

103 

104a 

105a 

12 

<1 

3 9 ± 4 

9 ± 4 

200±7 

119±2 

6 ± 1 

11±1 

<1 

122±6 

9 ± 1 

8 ± 1 

3 ± 1 

8 ± 4 

12 ± 2 

6 ± 1 

7 ± 1 

<1 

6,760±340 

— 

27,100 

6,300 

80,900 

140,000 

4,500 

7,800 

— 

86,700 

5,200 

4,600 

1,700 

6,900 

4,600 

3,400 

4,000 

— 

3.9 X 10^ 

— 

6 

4 

12 

30 

1 

2 

- -

45 

a) Errors are < ±10%. b) Defined as the ratio of the K^ of best extracted cation to 
the K^ of the second cation. 



101 

The methylene-substituted mediocyctic crown ethers exhibited prominent 

differences in their extraction of tithium which were related to the attachment site of 

tiie metiiylene subunit (Table 4). Compounds 102b and 106. witii metiiylene groups 

on one carbon of a two carbon bridge, showed diminished tithium ion binding 

compared to their benzyloxymethyl-substituted analogs. This is presumably due to 

the decreased basicity of the vinyl ether oxygen adjacent to the methylene bond, 

since the inclusion of an sp^ hybridized carbon into the crown ring otherwise seems 

to be a favorable structural modification (see below). 

In contrast, the crowns with methylene substitution at the central carbon of a 

three carbon bridge exhibited marked increases in the complexation of tithium, while 

tittie change in the complexation of sodium was noted. In the case of compound 

101b the selectivity ratio of K^ values for tithium over sodium surpasses the record 

value reported'^ for extractions of tithium and sodium picrates by a tipophtiic dioxa-

polyether diantide in a methylene chloride-water system. 

TABLE4 

Picrate Extraction Data for Methylene-Substituted Crown Ethers 

.Compound # .K^^ (Li"̂ ) _Kgj^(Na+) K^ (U+f__ K^ (Na+)a selectivity^. 

iQQi? 

lOib 

I02b 

104b 

105b 

106 

22 ±2 

445 ±13 

39±4 

5±1 

2±1 

40±3 

2±1 

10±2 

3±1 

<1 

<1 

126 ±6 

15,400 

317,000 

26,800 

3,600 

1,200 

27,500 

1,100 

5,700 

1,700 

— 

— 

72,400 

13 

55 

15 

— 

— 

0.3 

a) Errors are ± 10%. b) Defined as the ratio of the K̂  of best extracted cation to the 
K̂  of the second cation. 
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Extraction analysis of the benzyloxymethyl-substituted and metiiylene-sub

stituted crowns was repeated ui a second organic phase consisting of a 1:1 mixture 

of tricresyl phosphate and dichloromethane. Results were compared to data 

pubtished previously by Olsher and Jagur-Grodztiiski'̂ ^ on tiie extraction of litiiium 

picrate with benzocrown and dibenzocrown ethers. This solvent system produced 

higher extraction of lithium picrate than did the CDCI3/H2O system due to a 

synergistic participation of the tricresyl phosphate solvent in the complexation/ 

solvation of tithium. Because of the unknown effect of the solvent on the system 

and the uncertainty of the K^ values of the alkali metal picrates in this special 

ntixture of solvents, the calculation of extraction data was limited to the 

determination of Kg^ values, as was the case in the previous study'̂ .̂ Comparison 

of the extraction results revealed that the 13-crown-4 and 14-crown-4 ring sizes 

were again the best for extracting tithium ion, with the best extraction produced by 

the benzyloxymethyl-14-crown-4 compound 102a (Table 5). Few differences 

between the benzyloxymethyl-substituted and the methylene-substituted crown 

ethers were evident in this solvent system with the exception of a large decrease in 

the extraction of lithium ion for the vinyl crown ether 102b compared to the 

benzyloxymethylcrown ether 102a. This trend is in agreement with that observed 

for the same crowns in the CDCI3/H2O system. Extraction data from the previous 

work reported by Olsher and Jagur-Grodzinski^" which employed benzocrowns 

and dibenzocrowns are tisted in Table 5. It is worth noting that the extraction 

constant for compound 102a surpasses that reported for any of the benzo-

substituted crown-4 compounds. 

The lack of differences between the benzyloxymethyl-substituted and 
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metiiylene-substituted crowns in tiie tricresyl phosphate/dichlorometiiane solvent 

system is presumably a refiection of tiie large contribution to the coordination of 

tithium made by the tricresyl phosphate solvent. 

TABLE 5 

Picrate Extractions of SmaU-Ring Crowns in Tricresyl Phosphate/Dichloroethane 

.Compound # Kĝ ^ (Li+) ^Compound # K^̂  (Li"̂ ) 

2S 

una 
lQ2a 

103 

104a 

benzo-15-crown-5 

benzo-13-crown-4 

<1 

70 ±20 

490 ± 90 

1,950 ±30 

23±5 

81±2 

22 

IQQh 

IQlh 

1Q212 

1M2 

<1 1Q512 

160 ±9 (200)46 benzo-12-crown-4 

1,510^" dibenzo-14-crown-4 

870 ± 20 

85 ±18 

511 ±23 

237 ±11 

43 ±8 

<1 

4l46 

93046 

Bis-Crown Ethers 

Bis(oxymethylcrown Ether) Benzenes and Xylenes 

A variety of bis-crown ethers'0 (Figure 30) were tested for their ability to 

extract tithium, sodium, potassium and cesium picrates from aqueous solution into 

CDCI3. Extraction constants (Kgĵ ) and association constants (K )̂ were calculated 

and correlations were drawn between structural modifications and extraction 
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efficiency. Effects of changing the relative sites of attachment and varying the length 

of the bridging arms between the crown ethers and the aryl backbone were 

investigated. The stoichiometrics of the complexes were determined spectro-

metricaUy from the position of the absorption maximum of the organic phase picrate 

anion dtiuted in THF"̂ °. Except where noted, the observation of a separated ion pair 

(375nm-385nm) indicates the formation of a "sandwich complex" (2 crowns: 1 metal 

ion) whtie a tight ion pair (355nm-365nm) denotes a 1:1 complex. The compounds 

investigated in this study are depicted in Figure 30. 

x" °> 
r -^O O-̂  o 

"̂ o o^ 

n 

O O 

> ^ o O > 

On 
o 

•^o o^ 

n 

.Compound # substitution. 

107a Ortho 

108a ortiio 

110a 

meta 

para 
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n. 

1 

2 

2 

2 

3 

.Compound # substitution_ n 

1IIZ12 

l D 2 a 

10212 

im. 

ortho 

ortho 

meta 

para 

ortho 

1 

2 

2 

2 

3 

Figure 30. Bis-crown ethers tested by alkati metal picrate extraction. 
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Bis(12-crown-4) Hosts my Complexation of titiiium with the mono-12-

crown-4 host has been the subject of previous research^'^^. Whtie at least one 

X-ray crystal stmcture has been published tiidicating Li"̂  in a 12-crown-4 sandwich 

complex^®^, this is a rare occurrence and probably does not occur in solution. The 

observation of a separated ion pan* in the extraction of tithium ion with 107a and 

lQ7b probably indicates the presence of water in the cation's solvation sphere rather 

tiian the formation of a Li"*" sandwich complex (Table 6). Botii bis(12-crown-4) 

compounds exhibit their greatest extraction capacity with Na"̂ , although association 

constants are smaU for aU tiie aUcati metals tested. The complexes witii K"̂  and Rb"*" 

are of the separated ion pair type, but the small size of the crown rings in 

comparison to these large cations puts the exact stoichiometry of these complexes in 

question. Differences in association constants between compounds 107a and 107b 

are negtigible, suggesting no special benefit when the bridging arms between.the 

crown and the aryl ring are lengthened. 

Bis(15-crown-5) Hosts 108. Two stmctural modifications were made on the 

bis(15-crown-5) hosts: 1) the length of the bridging arms between crown ether units 

and the aryl ring was varied; and 2) the substitution pattem of the crowns on the aryl 

ring was varied from ortho. where the rings may bind ions cooperatively, to meta 

and then to para, where the rings were expected to bind ions independentiy of one 

another. 

Among the shorter-armed bis(15-crown-5) hosts 108a-c the extraction of Li"*" 

was uniformly inefficient throughout the series (Table 7). Association constants 

remained relatively unchanged for the extraction of Na"*" regardless of the aryl ring 

substitution pattem. This result was not unexpected since Na"*" fits weti into a single 

15-crown-5 cavity, and normally forms 1:1 complexes with this crown ether. 

Altiiough none of the hosts in this series formed 2:1 sandwich complexes witii Li"*" 



107a 

107a 

I07a 

107a 

107b 

107b 

I07b 

I07b 

Li 

Na 

K 

Rb 

Li 

Na 

K 

Rb 

106 

TABLE 6 

Extraction Data for Bis(12-crown-4) Compounds 

.Compound # ^M+ log K^^^ logK/ X^^ -AG (kcal/mole)_ 

1.02 3.86 383 5.2 

1.89 4.65 367 6.3 

1.42 4.01 378 5.4 

1.39 3.73 379 5.1 

1.25 4.10 380 5.6 

2.16 4.92 365 6.7 

1.44 4.03 380 5.5 

1.25 3.73 379 5.1 

a) Errors are < ±10% of anttiog values. 

or Na"*", the ortho isomer 108a formed these complexes readily with K"*" and Rb"*" 

resulting in a maximum association constant for K"*". In contrast, the para isomer 

108c formed only 1:1 tight ion pair complexes with K"*" and Rb"*", and had a 

maximum association constant for Na"*". Compound 108b formed an insoluble 

suspension with K"*" when diluted with THF, making the determination of the 

stoichiometry by spectrometric means impossible. The data calculations for this 

host/guest combination were based on the difference of the aqueous phase picrate 

concentration before and after extraction (see Experimental). The complex of 108b 

with Rb"*" was a 1:1 tight ion pair. The orders of association constants for these 

compounds are: 108a: K+>Na+>Rb+>Li+; H M : Na+>K+>Rb+>Li+; 10S£: 

Na'''>K''">Rb'''>Li''". Figure 31 iUustrates the enhanced affinity of the ortho isomer 
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108a for K"'" over its meta and para isomers. This increase in association along with 

the spectrometric evidence of a dissociated ion pair are sound evidence for the 

formation of an intramolecular sandwich complex of 108a with K"*". Compound 

108a also formed a dissociated ion pair with Rb"*", but this did not result in an 

enhancement of the extraction of this cation. 

TABLE 7 

Picrate Extraction Data for Bis(15-crown-5) Compounds IM 

Compound # ^M+ l̂og K g / logKa^__Xjj^^-AG (kcal/mole)_ 

1.73 4.58 358 6.2 

3.76 6.54 354 8.9 

4.11 6.76 380 9.2 

3.94 5.92 380 8.0 

1.50 4.34 355 5.9 

3.97 6.72 —^ 9.1 

3.53 6.13 —^ 8.3 

3.46 5.80 355 7.9 

1.48 4.30 353 5.8 

3.85 6.61 351 9.0 

3.51 6.10 354 8.3 

3.62 5.95 355 8.1 

a) Errors are < ±10% of anttiog values. b)Formed insoluble suspension in THF 
(see Experimental). 
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Na 

K 

Rb 
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Na 
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Figure 31. Log K^ values for bis-crown ethers 108. 

In almost every case the extraction efficiency of the bis-crown ethers was 

increased stightiy by the addition of a methylene group to the bridging pendant arms 

of the bis-crowns 109 when compared to their shorter-armed analogs 108. the 

exception being the association of 109c with Rb"̂  compared to 108c with the same 

ion (Table 8). The extraction efficiency of these hosts for Li"*" was again uniformly 

low, and association constants for Na"*" were constant throughout the series 109. 

Once again the ortho isomer 109a formed dissociated ion pairs with K"̂  and Rb"*". 

Lengthening the bridging arms of the bis-crowns allowed the meta compound 109b 

to form dissociated ion pairs with K"*" and Rb"*" as well, while the shorter-armed 

meta isomer 108b could not achieve this association with Rb"*". The formation of 

dissociated ion pairs of 109a and 109b with K"*" and Rb"̂  are accompanied by 

notable increases in their association constants compared to the para isomer 109c. 

especiaUy in the complexation of Rb"*", for which the association constant with 109a 

is nearly an order of magnitude greater than that of 109c. Compound 109c did not 
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form dissociated ion pair complexes with any of the alkali metal cations studied. 

The combined observations of enhanced association constants and the formation of 

dissociated ion pairs of 109a and 109b with both K'*"and Rb"̂  are again regarded as 

evidence for the formation of intramolecular sandwich complexes. The order of 

association constants for compounds 1Q2 are: 109a. K"'">Na"''>Rb"*">Li'*"; 109b. 

Na+=K+> Rb+>Li+; 109c. Na"^>K+>Rb+>Li+. Figure 32 tilustrates the enhanced 

affiitity of 109a and 109b for K"*" and Rb"*" compared to compound 109c. 

'ompoui 

109a 

1098 

109a 

109a 

109b 

109b 

109b 

109b 

109c 

109c 

109c 

109c 

TABLES 

Extraction Data for Bis(15-crown-5) Compounds 109 

ad# M+ 

Li 

Na 

K 

Rb 

Li 

Na 

K 

Rb 

Li 

Na 

K 

Rb 

log K e / logK/ 

1.83 4.67 

4.44 6.80 

4.22 6.88 

4.04 6.38 

1.73 4.58 

3.99 6.74 

4.03 6.66 

3.88 6.22 

1.59 4.43 

4.04 6.76 

3.78 6.37 

3.11 5.43 

max 

356 

354 

379 

379 

356 

354 

380 

380 

356 

354 

380 

380 

_-AG (kcal/mole). 

6.3 

9.2 

9.3 

8.7 

6.2 

9.2 

9.0 

8.4 

6.0 

9.2 

8.6 

7.4 

a) Errors are < ±10% of anttiog values. 
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Figure 32. Log K̂  values for bis-crown ethers 109 

Bis(18-crown-6) Hosts 110. Association of the bis(18-crown-6) hosts 110 

with Li"̂  resulted in complexes of dissociated ion pairs (Table 9). This observation 

may be attributed to the abitity of Li"*" to carry waters of solvation into its complexes 

with large ring crown ethers^°®. This cation often prefers association with a water 

molecule over a tight association to the anion in such complexes. 

The complexes of compounds 110 with Na"*", K"̂ , and Rb"*" were all tight ion 

pair complexes, indicating their inability to form sandwich complexes with these 

ions. This observation is supported by similar observations of other researchers^ . 

The order of association constants for compounds HQ are : 110a. K'̂ >Rb'''>Na'*"> 

Li+; 110b. K+>Rb+>Na+> Li+. 
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TABLE 9 

Extraction Data for Bis(18-crown-6) Compounds 110 

.Compound # ^M+ l̂og K g / ^logK^^ X^^ -AG (kcal/mole). 

1.87 4.72 380 6.4 

3.04 5.79 366 7.9 

6.04 8.85 366 12.0 

5.06 7.34 366 10.0 

1.92 4.76 380 6.5 

2.95 5.68 364 7.7 

5.71 8.51 366 11.6 

5.08 7.42 365 10.1 

a) Errors are < ±10% of anttiog values. 

UOa 

l l O a 

UOa 

UOa 

UOb 

llOb 

iiOb 

UOb 

Li 

N a 

K 

Rb 

Li 

N a 

K 

Rb 

Bis(dibenzo-16-crown-5)s 84 and 
Bis(dicyclohexano-16-crown-5)s 86 

The bis(dibenzo-16-crown-5) and bis(dicyclohexano-16-crown-5) compounds 

w h o s e synthesis was described in Chapter 2 were tested by the picrate extraction 

method for their complexat ion o f sodium and potass ium ions. Al though the 

association constants for these compounds are considerably lower than those noted 

for the aryl bis-crowns described eartier, the position of the absorption maximum of 

the picrate anion in THF suggests the formation of sandwich complexes in some 

uistances (Table 10). The bis-crowns M a , M L S ^ and M b (Scheme 10, page 50) 

formed from the reaction of oxalyl or malonyl chloride with compounds 15d and S5 

produced absorption maxima in the range o f dissociated ion pairs with potassium 
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TABLE 10 

Extraction Data for Bis(Crown Etiier) Diester Compounds M and M 

Compound # ^M+ l̂og K^^^ logK^^ X^^ -AG (kcal/mole). 

15d Na 2.0 4.7 365 6.4 

15d K 2.0 4.6 368 6.2 

84a Na 1.2 4.0 365 5.4 

84a K 1.7 4.3 375 5.8 

84b Na 1.9 4.7 365 6.3 

84b K 2.1 4.7 375 6.4 

S5 Na 3.4 6.2 365 8.4 

S5 K 2.6 5.2 365 7.1 

86a Na 3.6 6.4 365 8.7 

86a K 3.0 5.6 375 7.6 

86b Na 3.7 6.5 365 8.8 

86b K 2.8 5.4 375 7.4 

S ^ Na 3.7 6.4 365 8.8 

86c K 2.9 5.5 368 7.4 

86d Na 3.8 6.5 365 8.8 

86d K 3.0 5.6 368 7.6 

a) Errors are < ±10% of antilog values. 
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picrate when tested by tiie picrate extraction method The formation of tiiese types of 

complexes did not result in a significantiy enhanced extraction capacity for this 

cation, however, compared to the monocrown alcohols 15d and ^ . The 

compounds witii longer bridging arms (86c and 86d) did not produce dissociated ion 

pair complexes when simtiarly tested. 

Evaluation of Chromogenic Crown Ethers 

Chromogenic compounds 26, SQ and M (pages 46 and 47) were synthesized for 

evaluation of their potential as cation-selective indicators in analytical systems. The 

lack of a standard techrtique for this type of analysis led to the development of the 

foUowing rough screening technique which proved adequate in differentiating the 

properties of the various chromogenic subunits. 

The crown ether dissolved in chloroform (1.00 x 10"^ M) was shaken with an 

equal volume of an aqueous solution of lithium, sodium, potassium or cesium 

hydroxide. After separation of the phases the visible spectmm of the chloroform 

phase was recorded and compared to the spectmm of the original chloroform 

solution of the chromogenic crown ether. Spectral shifts were determined at four 

different concentrations of the alkati metal hydroxide: 0.10 M, 0.50 M, 1.00 M and 

2.00 M solutions. 

Chromogenic Benzo-21-crown-7 Compounds 76 

The 2,6-dinitro-4-trifluoromethyl chromophore of 76b exhibited a 

surprisingly low extinction coefficient and the highest pK^ of the three chromo-
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phores tested. No complexation of Li'*'or Na"*" was observed at any concentration 

of hydroxide investigated, and complexation of potassium was very weak even at 

2.00 M hydroxide (Table 11). Association with Cs^ was observed at 1.00 M and 

2.00 M hydroxide, but was again very weak. Ionization of 76b resulted in the 

largest spectral shift observed for tiie compounds 2h (130-140 nm), but tiie high 

pKĵ  of this chromophore made it unsuitable for use in practical analytical systems. 

The pK^ of the picryl chromophore of compound 2 ^ was much lower than that 

of compound 76b. with 76c showing response to K"*" and Cs"*" at the lowest 

hydroxide concentrations tested. Although the pK^ and the high extinction 

coefficient of 76c were both improvements over 76b. the picryl chromophore of 76c 

produced such smaU spectral shifts that it was often difficult to ascertain the degree 

of complexation. The lack of spectral resolution between the neutral form and the 

ionized form of the chromophore rendered this subunit inappropriate for further 

development 

The acidity of the 2,4-diititro-6-trifiuoromethyl chromophore associated with 

compound 76a resembled the acidity of compound 76c. Whtie no complexation of 

sodium occurred at O.IOM hydroxide, ionization of the chromophore was nearly 

complete with potassium and cesium hydroxides at this concentration. The 

chromophore associated with 2 ^ was the best suited for incorporation into other 

chromogenic crown ethers, having a weU resolved spectral shift with a strong 

extinction coefficient and a lower pK^ compared to compound 2 ^ . 



115 

TABLE 11 

Spectral Shifts of Chromogenic Benzo-21-crown-7 Compounds 

Compound 2 ^ 

.base ^max ^^^^ extinction coefficient (£) AX̂ ^̂ ^̂ d̂im) 

HLform 375 11,160 

LiOH gave cloudy solutions with negtigible color change. 

NaOH 
O.IOM 

0.50 M 

LOOM 

2.00M 

KOH 
O.IOM 

0.50 M 

LOOM 

2.00 M 

CsOH 
O.IOM 

0.50 M 

LOOM 

2.00 M 

374 

437 

440 

434 

444 

444 

445 

445 

448 

450 

451 

451 

11,530 

11,980 62 

12,920 65 

10,970 59 

15,390 69 

16,270 69 

17,250 70 

17,500 70 

15,700 73 

18,410 75 

20,310 76 

20,490 76 
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TABLE 11 (conL) 

Compound 76b 

_base X,jjj^ (nm) extinction coefficient (e) A ĵ̂ ^ (̂nm) 

HLform 426.2 5,400 

L i ^ 

O.IOM 425.4 5,380 

0.50 M 426 5,380 

LOOM 426 5,410 

2.00 M 426 5,390 
NaOH 

O.IOM 427 5,490 

0.50 M 426 5,490 

LOOM 426 5,440 

2.00 M 426 5,460 
KQH 

O.IOM 426.2 5,460 

0.50 M 426.4 5,450 

LOOM 426.2 5,440 

2.00 M 430 4,780 
560 2,880 134 

CsOH 

O.IOM 426 5,430 

0.50 M 429 5,190 

LOOM 431 4,940 
560 2,120 134 

2.00 M 436 4,420 
570 4,400 143 
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TABLE 11 (cont) 

Compound 73s. 

_base ^max ^^^ extinction coefficient (e) ^max^^^^ 

HLform 415 10,370 

LiQH 

O.IOM 413 10,520 

0.50 M 411 9,990 

LOOM 418 9,880 
2.00M 429 10,940 14 

NaOH 

O.IOM 404 10,190 

0.50 M 436 13,410 21 

LOOM 440 15,140 25 

2.00 M 443 17,440 28 
KQH 

O.IOM 444 17,090 29 

0.50 M 444 18,660 28 

LOOM 443 20,160 28 

2.00 M 445 20,680 29 

CsOH 

O.IOM 446 18,590 31 

0.50 M 447 20,100 32 

LOOM 447 20,500 32 

2.00 M 448 20,810 33 
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Chromogenic 15-rrnwn-^^ 80 and 18-crown-6s 81 

The results of the screening of compounds "J^ led to the development of otiier 

chromogenic crown ethers which uicorporated the l-amino-2,4-dinitro-6-trifluoro-

methyl chromophore from 76a. Coupting of this chromophore to the aryl ring of 

phenoxymethyl-functionalized 15-crown-5 and 18-crown-6 compounds provided 

tiie chromogenic compounds SQ and M (page 47). It was tiiought that the placement 

of the crown unit on a fiexible pendant arm would aUow greater interaction of a 

bound cation with the chromophore anion, and thus increase the extraction efficiency 

of the compounds. 

Compounds ^ and SI were tested by the same screening procedure used to 

analyze compounds 2^. Data are recorded in Table 12. The analysis determined that 

among the 15-crown-5 compounds SO, the meta isomer 80b has the greatest acidity. 

Whtie tittie or no ionization of the chromophore unit was observed in the presence 

of 0.50 M NaOH with 80a and 80c. compound 80b was mostiy in the ionic form 

under the same conditions. 

The ortho isomer SOa exhibited incomplete ionization of the chromophore unit 

even at 2.00 M hydroxide for most of the alkati metals tested. No complexation of 

Li"*" was observed at any of the four investigated concentrations. No ionization of 

the chromophore was observed for any cation at the concentration of 0.10 M 

hydroxide. Only 2.00 M cesium hydroxide appeared to produce complete ionization 

of the chromophore. Although ionization produced a well resolved spectral shift 

(70-80 nm) compound SQa was not acidic enough for practical apptications. 

In contrast, the meta isomer 80b showed virtually complete ionization of the 

chromophore when contacted with 0.50 M sodium hydroxide, while at the same 

concentration the ionization with potassium and cesium hydroxides was mostiy 

incomplete. This may reflect some size selectivity of tiie 15-crown-5 ring for Na^ 
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TABLE 12 

Spectral Shifts of Chromogenic 15-crown-5 and 18-crown-6 Compounds 

Compound SQa 

extinction coefficient (e) ^max^^"^^ 

11,890 

12,240 

12,090 

11,830 

10,960 

10,350 

7,600 
12,360 83 

6,850 
13,760 86 

7,320 
12,710 83 

10,130 

7,180 
14,390 82 

7,320 
14,130 81 

6,800 
15,280 83 

11,880 

9,730 
9,650 53 

base 

HLform 

UOH 
O.IOM 

0.50 M 

LOOM 

2.00M 

NaOH 
O.IOM 

0.50 M 

LOOM 

2.00 M 

KOH 
O.IOM 

0.50 M 

LOOM 

2.00 M 

CsOH 
O.IOM 

0.50 M 

^max (""̂ ) 

371 

369 

370 

370 

371 

370 

367 
454 

364 
457 

367 
454 

371 

370 
453 

371 
451 

368 
454 

371 

375 
423 



120 

_base. 

CsOH 
LOOM 

2.00 M 

TABLE 12 (cont) 

Compound 80a 

max 
(nm). 

375 
444 

448 

.extinction coefficient (e). 

7,900 
13,530 

16,890 

-^max^^'^) 

73 

77 

base 

HLform 

LiQH 
O.IOM 

0.50 M 

LOOM 

2.00 M 

NaOH 
O.IOM 

0.50 M 

LOOM 

2.00 M 

KQH 
O.IOM 

0.50 M 

LOOM 

2.00 M 

Cj>OH 
O.IOM 

Compound 80b 

X^^^, (nm) extinctior 

359 

359 

359 

360 

360 

360 

433 

434 

434 

360 

360 
434 
436 

439 

360 

-^max(""^) 

13,610 

13,850 

13,630 

12,410 

12,090 

11,620 

16,420 

18,210 

19,770 

11,100 

8,900 
12,040 
14,220 

17,700 

12,430 

62 

63 

64 

63 
65 

68 
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_base_ 

0.50 M 

LOOM 

2.00 M 

TABLE 12 (cont) 

Compound 80b 

-̂ max (^^)-

362 
430 

437 

440 

.extinction coefficient (e). 

9,820 
10,530 

16,710 

19,580 

-^max(^"^) 

59 

67 

69 

Compound 80c 

base. 

HLform 

LiQH 
O.IOM 

0.50 M 

LOOM 

2.00M 

NaOH 
O.IOM 

0.50 M 

LOOM 

2.00 M 

KOH 
O.IOM 

0.50 M 

LOOM 

2.00 M 

CsQH 
O.IOM 

-̂ max (̂ "̂ )-

368 

368 

368 

368 

368 

368 

368 

369 

368 
426 

368 

369 

432 

435 

368 

.extinction coefficient (e)_ 

12,530 

12,980 

12,910 

12,900 

12,890 

12,960 

12,490 

11,170 

9,600 
10,880 

12,710 

11,810 

12,050 

14,360 

12,540 

-^max^""^) 

55 

64 

67 
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_base. 

CsOH 
0.50 M 

LOOM 

2.00 M 

-̂ max ('^)-

368 

368 
427 

437 

TABLE 12 (cont) 

Compound SQ£ 

êxtinction coefficient (e). 

12,200 

9,500 
10,920 

15,420 

-^max(^"^^ 

59 

69 

base 

HLform 

LiQH 
O.IOM 

0.50 M 

LOOM 

2.00M 

NaOH 
O.IOM 

0.50 M 

LOOM 

2.00 M 

KQH 
O.IOM 

0.50 M 

LOOM 

2.00 M 

Compound 81a 

^Ynzoi ^̂ "̂̂^ extinctioi 

370 

372 

374 

426 

433 

378 

436 

438 

441 

443 

443 

442 

445 

-^max(""^) 

11,680 

11,330 

10,180 

10,640 

12,470 

9,820 

13,520 

14,340 

15,560 

16,180 

16,520 

17,220 

17,070 

56 

63 

66 

68 

70 

72 

73 

72 

74 
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_base. 

CsOH 
O.IOM 

0.50 M 

LOOM 

2.00 M 

TABLE 12 (cont) 

Compound 81a 

-̂ max ̂ "̂̂ )-

439 

442 

442 

443 

.extinction coefficient (e). 

14,410 

16,420 

17,530 

17,450 

•^max^""^) 

69 

71 

71 

72 

Compound 81b 

base 

HLform 

LiOH 
O.IOM 

0.50 M 

LOOM 

2.00M 

NaOH 
O.IOM 

0.50 M 

LOOM 

2.00 M 

KOH 
O.IOM 

0.50 M 

LOOM 

-̂ max (""̂ )-

360 

361 

361 

361 
433 

363 
441 

363 
432 

442 

443 

446 

446 

445 

446 

.extinction coefficient (e). 

11,910 

11,520 

10,620 

9,250 
8,410 

7,650 
11,310 

9,220 
8,660 

13,920 

14,830 

18,510 

16,910 

17,500 

17,980 

-^max(^"^) 

72 

81 

71 

81 

83 

86 

86 

85 

85 
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base 

KOH 
2.00 M 

CsOH 
O.IOM 

0.50 M 

LOOM 

2.00 M 

hn^-^ 

446 

444 

444 

444 

444 

TABLE 12 (cont) 

Compound 81b 

'nm) extinction coefficient (e) 

18,510 

16,660 

17.480 

17,670 

18,100 

AX(nm) 

86 

83 

83 

83 

83 

over the other ions. Again no complexation of Li"*" was observed. A high extinction 

coefficient and a well resolved spectral shift combined with a low pK^ identifies the 

meta isomer 80b as the most useful of the series 80. 

The para isomer 80c showed an interesting shift toward selectivity for potassium 

with complete ionization at 1.00 M hydroxide, and even showed some association 

with cesium at the same concentration. Sodium hydroxide effected no ionization at 

this concentration. Again no complexation of tithium was observed. 

The 18-crown-6 compounds Sla and 81b exhibited few differences in their 

spectral behavior. Both compounds showed association with all the alkali metal 

hydroxides. While tittie or no complexation of tithium or sodium was observed at 

0.10 M hydroxide, ionization of the chromophores in the presence of potassium and 

cesium hydroxides was virtually complete at the same concentration. The meta 

isomer SU2 had a stightiy more pronounced spectral shift than Sla, which resulted in 

a better resolution of the free and complexed forms of the chromogenic crown. 
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Experimental 

Picrate Extractions 

Preparation of Alkali Metal Picrates 

Alkali metal picrates were prepared by dissolving picric acid in a minimum 

amount of boiling distiUed, deionized water and slowly adding a stoichiometric 

amount of the alkati metal carbonate. After aUowing the solution to cool to room 

temperature it was cooled in an ice bath to promote crystaUization. Crystals were 

collected, air-dried, and recrystaUized from distilled, deionized water. The 

recrystaUized alkati metal picrate was coUected, air-dried, and dried in a vacuum 

oven at 100^ C for 4 h. The dry picrate salts were stored under vacuum in the dark. 

Picrate Extractions into Deuteriochloroform 

Crown ether solutions (15 mM) were prepared in ethanol-free deuterio

chloroform. Extraction experiments were conducted by adding 0.50 ml of a 15 mM 

crown ether solution in deuteriochloroform to 0.50 ml of a 15 mM alkati metal 

picrate solution in a centrifuge tube and agitating the mixture with a vortex mixer for 

1 ntinute. Five identical samples were mn concurrently. The mixtures were 

centrifuged for 10 minutes to assure complete separation of the layers. Precisely 

measured atiquots were removed from each layer with nticrosyringes and diluted in 

THF. Visible spectra of these solutions were measured in the region 340-550 nm. 

From the alkali metal picrate concentrations in each phase the Kĝ ^ (extraction 
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constant^^'"^) and in some instances the K^ (association constant^ ̂ ) was also 

calculated. In cases where the concentrations of the two phases as calculated from 

their extinction coefficients did not add to a correct mass balance, the alkati metal 

picrate concentration in the organic phase was determined by difference from the 

irtitial and final picrate concentrations in the aqueous phase. 

Picrate Extraction into Tricresyl Phosphate/L2-Dichloroethane 

Crown ether solutions (0.10 M) were prepared in a 1:1 (by volume) solution of 

tricresyl phosphate (Fluka, practical, mixture of isomers) and 1,2-dichloroethane. 

Extractions were conducted according to the pubtished procedure^" by adding 1.00 

ml of the crown ether solution to 1.00 ml of an aqueous solution which was 0.10 

mM in tithium picrate and 0.10 M in tithium hydroxide in a centrifuge tube and 

agitating the mixture for 2 minutes with a vortex ntixer. Five identical samples were 

mn concurrentiy. The resulting mixture was centrifuged for 10 minutes to separate 

the layers after which 0.50 ml of the aqueous layer was removed with a syringe and 

dtiuted to 5.00 ml with THF. The visible spectmm was measured in the region of 

340-550 nm to determine the concentration of tithium picrate in the aqueous phase. 

In all cases, the picrate absorption maxima were at 363-364 nm which is 

characteristic of the tight ion pair in 1:1 complexes-^®. The concentration of tithium 

picrate in the organic phase was calculated by difference and was used in calculating 

the Kg^ (extraction constant) value"^' ^ . 
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Solvent Extraction of Chromogenic Crown Ethers 

Solutions of alkali metal hydroxides were prepared in distilled water and 

standardized against commerciaUy-avatiable standard HCl solutions. A ntixture of 

2.0 ml of the alkali metal hydroxide was shaken for 5 ntinutes with 2.0 ml of a 

solution of a chromogenic crown ether dissolved in chloroform (0.10 mM). The 

chloroform layer was separated and a sample was removed and dtiuted 10 times in 

pure chloroform. The absorption spectmm of the diluted sample was recorded in the 

region of 300-800 nm. The extinction coefficients were calculated using the initial 

concentration of the chromogertic crown ether adjusted for dtiution. 



CHAPTER5 

SUMMARY AND CONCLUSIONS 

Synthesis of Functionalized lonophores 

The syntheses of a variety of hydroxymethyl-functionalized ionophores, 

including large-ring crown ethers ^ (Scheme 3), hydroxymethyl diazacrown ether 

^ (Scheme 5) and hydroxymethyl cryptands S^ (Scheme 11), has been performed 

from a smaU number of key intermediates utilizing allyl and benzyl protecting 

groups. The synthesis of various chromogenic crown ethers was accomptished 

using hydroxymethylcrown ether and benzocrown ether starting materials. A 

number of novel bis-crown ethers were prepared in one step from sym-dibenzo-

16-crown-5 and sym-dicyclohexano-16-crown-5. Two novel fiuorogenic crown 

ethers were synthesized in two steps in low to moderate yields from 

commerciaUy-avatiable starting materials. Also, two novel triaza cryptands were 

prepared by adapting a reaction sequence previously used in peptide synthesis'" to 

the closure of bicyctic diantide ring systems. 

Assessment of Metal Ion Complexation bv Solvent Extraction 

Two large-ring crown ethers, dodecyloxymetiiyl-27-crown-9 and dodecyloxy-

methyl-30-crown-lO were tested by the picrate extraction method for theti ability to 

extract the alkali metal cations. The 27-crown-9 derivative was found to be slightly 

selective for potassium, whtie the 30-crown-lO compound was found to extract 

potassium ion and mbidium ion roughly equally. This unexpected selectivity of 

128 
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large ring crown ethers for the smaUer cation K"*" may be due to folding of the ring to 

aUow three dimensional coordination of the cation^ .̂ 

A series of aryl bis-crown ethers were also tested by the picrate extraction 

method. Results indicated that the formation of potassium ion sandwich complexes 

may be promoted by linking two oxymethyl-15-crown-5 units in an ortho orientation 

on an aryl ring support, thereby enhancing both the extraction efficiency and 

selectivity of the compounds for potassium ion compared to the meta and para 

substituted bis-crowns. A series of bis(dibenzo-16-crown-5) and bis(dicyclo-

hexano-16-crown- 5) compounds were also tested for their selectivity for potassium 

ion over sodium ion, and were found to be generally less effective than the aryl 

bis-crowns mentioned above. 

A broad spectmm of smaU-ring four-oxygen crown ethers were tested for their 

abitity to extract tithium ion and their selectivity for this ion over sodium ion. 

Results indicate definitively that the 14-crown-4 ring size is the best suited in 

extraction capacity and selectivity for the complexation of lithium ion followed 

closely by the 13-crown-4 ring size. The addition of an exocyctic methylene unit to 

the smaU ring crown ethers was found to be a favorable modification if a vinyl ether 

oxygen is not created in the crown ring by the introduction of this modification. 

A screening technique was utilized for the evaluation of several chromogenic 

crown ethers. Within the limitations of tiiis quatitative technique it was detemtined 

that the l-antino-2,4-dinitro-6-trifiuoromethylbenzene chromophore was the best 

suited of those tested for incorporation into both benzo crown ethers and 

phenoxymethyl crown ethers due to its acidity, high extinction coefficient and 

weU-resolved spectral shift upon ionization. 



REFERENCES 

1. C.J. Pedersen. J. Am. Chem. Soc.. 89. 7017, (1967). 

2. a) H.K. Frensdorff. J. Am. Chem. Soc. 93. 4684, (1971). 
b) G.W. Gokel, G.W. Weber. J. Chem. Educ. 55. 350, 429, (1978). 
c) G.W. Gokel, J.M. Ttinko, and D.J. Cram, L Chem. Soc. Chem. 

Commun.. 394, (1975). 
d) E. Ltiidler et al.. Anal. Chem.. 5^ 1627, (1978). 

3. a) R.A. Jones, Aldrichimica Acta. 9. 35, (1976). 
b) B.P. Bubnis et al.. Analytica Chimica Acta. 139. 307, (1982). 
c) M.Y. Keating and G.A. Rechnitz. Anal. Chem.. 56. 801, (1984). 

4. a) C.J. Pedersen, J. Am. Chem. Soc. 92. 386, (1970). 
b) F.P. van Remoortere and F.P. Boer. Inorg. Chem.. 13. 2071, (1974). 
c) P.R. Mallinson and M.R. Tmter, L Chem. Soc. Perkin Trans. 2* 1818, 

(1972). 
d) D.J. Cram and J.M. Cram. Science. 183. 803, (1974). 

5. K. Kimura, H. Tamura and T. Shono, L Chem. Soc. Chem. Commun.. 492, 
(1983). 

6. For an autobiographical account of the discovery see Aldrichimica Acta. 4, 1, 
(1971). 

7. D. Bright and M.R. Tmter, Nature. 225, 176, (1970). 

8. a) T.A. Kaden, H QuTL QhsiiL, I IL 157, (1984). 
b) J.J. Christensen, J.O. Htil and R.M. Izatt Science. 174. 459, (1971). 
c) D. St C. Black and A.J. Hartshom, Coord. Chem. Rgv,, £,219, (1972). 
d) J.S. Bradshaw and P.E. Stott Tetrahedron. 36. 461, (1980). 
e) G.W. Gokel and H.D. Durst, Aldrichimica Acta. £, 3, (1976). 
f) E. Weber and F. Vogtie, I , Cun-. Chem.. £S, 1, (1981). 

9. G.W. Gokel, D.M. Dishong and C.L Diamond, L Chem. Soc. Chgm. 
Commun.. 1053, (1980). 

10. E. Blasius and K.P. Janzen, H QiHL QhfiiiL, £S, 163, (1981). 

11. a) J. Strzelbicki and R.A. Bartsch, Anal. Chem.. 51, 1894, 2247, 2251, 
(1981). 

b) B. Czech, S.I. Kang and R.A. Bartsch, Tetrahedron Lett, 457, (1983). 
c) LF. Kozuk, B.P. Czech, W. WaUcowiak, D.A. Babb and R.A. Bartsch, 

J. Chem. Soc. Chem. Commun.. 1504, (1984). 

12. M. Takagi and K. Ueno. T. Curr. Chem.. 121. 39, (1984). 

13. a) F. Vogtie. T. Cun-. Chem.. 113. 1, (1983). 
b)C. Galti and L. Mandolini. J. Chem. Soc. Chem. Commun.. 251, (1982). 

130 



131 

14. J. Ashby, R. HuU, M.J. Cooper and E.M. Ramage, Svnth. Commun.. 4. 113, 
(1974). 

15. M. Tomoi, O. Abe, M. Ikeda, K. Kihara and H. Kakiuchi, Tetrahedron Lett. 
21, 3031, (1978). 

16. D.G. Parsons, J. Chem. Soc. Perkin Trans. 1. 451, (1978). 

17. F. Montanari and P. Tundo, Tetrahedron Lett. 52, 5055, (1979). 

18. a) G. Manecke and A. Kramer, Makromol. Chem.. 182. 3017, (1981). 

b) K. Hu-atoni, P. Reuter and G. Manecke. J. Mol. Catal.. 5. 241, (1979). 

19. B. Czech, Tetrahedron Lett. 21, 4197, (1980). 

20. K. Fukunishi, B. Czech and S.L. Regen, L Qrg. CllSIIL 4^, 1218, (1981). 
21. G.S. Heo, R.A. Bartsch, L.L. Schlobohm, and J.G. Lee. J. Org. Chem.. 46. 

3575, (1981). 

22. SJ. Jungk, LA. Moore and R.A. Candour, L Qlg. Chgnk, 4S, 1116, (1983). 

23. a) I. Ikeda, S. Yamamura, Y. Nakatsuji and M. Okahara, L Org. Chem.. 45, 
5355, (1980). 

b) T. Miyazaki, S. Yanagida, A. Itoh and M. Okahara, BuU. Chem. SeSL. IpiL, 
55, 2005, (1982). 

24. B.P. Bubnis and C.E. Pacey, Tetrahedron LglL, 25, 1107, (1984). 

25. M. Takagi, H. Nakamura and K. Ueno, Anal. Lett. lH, 1115, (1977). 

26. Ref. 12, p. 50. 

27. Ref. 12, p. 46. 

28. H.G. Lohr and F. Vogtie, QhsiIL Bsil, i l l , 905, (1985). 

29. Ref. 12, p. 61. 

30. L.R. Sousa and J.M. T-arsnti. J, Am. Chem. Soc. 99. 307, (1977). 

31. H. Shizuka, K. Takada and T. Morita, LPhys.Chgm,, M, 994, (1980). 

32. S.M. de B. Costa, M.M. Queimado and J.J.R.F. da Stiva, L PhptQghgm,, 12, 
31,(1980). 

33. O.S. Wolfbeis and H. Offenbacher, Monatshefte fur Chgmig, 115, 647, 
(1984). 



132 
34. a) P.R. MaUtiison and M.R. Tmter, L Chem. Ŝ iL., Perkin Trans. 2̂  1818 
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APPENDDC 

The foUowing computer program is written in Applesoft® Basic and was used 

with an Apple n+ microcomputer for the calculation of extraction constants (Kĝ )̂ 

and association constants (K )̂ from the equitibrium concentrations of alkati metal 

picrates between an aqueous phase and a deuteriochloroform solution of crown ether 

as determined by the picrate extraction method. 

1 Input" Organic phase dtiution = ";DO 
2 Input" Aqueous phase dtiution = "; DA 
3 Input" Metal picrate concentration = "; MO 
4 Input" Host concentration = "; HO 
5 Input" Dtiuted original metal picrate absorbance = " ;NP : EP = NP / MO * 

DA 
6 Prtiit "Extinction Coefficient = " ; EP 
7 DtinE(4) 
8 Dun DG(4): Dtin KA(4): Dun R(4) 
9 VO = 5:VA = 5 

10 Dtin AQ(5): Dtin OG(4): Dtin PA(4): Dtin PO(4): Dtin KEX(4): 
11 DtinNam$(l) 
12 Input " Metal Cation = " ; Nam$(0) 
13 Input " Crown = " ; Nam$(l) 
14 Prtiit 
16 Print Tab (7) "Enter Data" 
17 Print 
20 For I = 0 to 4 
30 Input" AQ values "; AQa) 
33 Next I 
34 Print 
35 Forl = 0 to4 
40 Input "OG values "; OG(I) 
50 Next I: AQ(5) = 2 
60 For I = 0 to 4 
65 PA(I) = AQ(I) / EP * DA : PO(I) = OG(I) / EP * DO 
70 KEXa) = POa) / PA(I) / (MO - POa)) / (HO - POa)): Next I 
75 If Nam$ = "Lithium" Then KD = 0.00142 
76 If Nam$ = "Sodium" Then KD = 0.00174 
77 If Nam$ = "Potassium" Then KD = 0.00255 
78 If Nam$ = "Rubidium" Then KD = 0.00457 
79 If Nam$ = "Cesium" Then KD = 0.00541 
80 ForI = 0to4:R(D = PO(I)/HO 
82 KAa) = R(D / (KD * (1.0 - RG)) * (MO - (PO(I) * (VO / VA))) ^ 2) 
84 DG(I) = -1.987 * 297 * Log(KA(I)): Next I 

135 
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90 AVE = (KA(0) -K KA(1) + KA(2) + KA(3) + KA(4)) / 5 , _ , , , 
95 SK = (((KA 0 - AVE) ^ 2 + (KA(1) - AVE) ^ 2 + (KA(2) - AVE) ^ 2 + 

(KA(3) - AVE) '̂  2 + (KA(4) - AVE) '̂  2) / 4) '̂  0.50 
100 Forl = 0 to4 
110 E(I) = PO(I) / MO : Next 
120 Eave = (E(0) + E(l) + E(2) + E(3) + E(4)) / 5 
240 PR#1 
250 Print Tab (25) "Extraction Constants" 
255 Print 
260 Print Tab (20) "For ";Nam$(0); " and " ; Nam$(l) 
265 Print 
266 Prtiit 
270 ForX = 0 t o 4 
280 Print Tab (10) "Kex" ; X ; " = " ; KEX(X) 
285 Prtiit 
290 Next X 
300 MEAN = (KEX(O) + KEX(l) + KEX(2) + KEX(3) + KEX(4)) / 5 
310 Print Tab(35)" Mean Kex = "; MEAN 
311 SD = (((KEX(O) - MEAN) '̂  2 + (KEX(l) - MEAN) ^2 + (KEX(2) - MEAN) 

^2 + (KEX(3) - MEAN) ^2 + (KEX(4) - MEAN) ^ 2) / 4.0) "" 0.50 
320 Print 
325 Print Tab(35) "St Dev. = "; SD 
326 Prtiit 
330 ForX = 0 t o 4 
340 Print Tab(lO) "AQC ; X; ") ="; AQ(X); Tab(lO); "OGC; X; " ="; OG(X) 
345 NextX 
350 Prtiit 
351 Print "Extinction Coeff. = ";EP 
352 PR#0 
353 DIM LMAX(O): Print 
354 tiiput" Lambda Max = ";LMAX(0): 
355 PR#1 
356 Print "Lambda Max. = ";LMAX(0); " nm" 
360 Prtiit 
380 Print 
390 Print Tab(lO), " Association Constants " 
400 Prtiit 
410 Print Tab(8); " For ";Nam$(0):" and ";Nam$(l) 
420 Prtiit 
430 For I = 0 to 4 
440 Print"Ka(";I;")= ";KAa) 
450 Print : Next I 
460 Print Tab(lO); "Ave Ka = "; AVE 
470 Print 
480 Print Tab(lO) "Std. Dev. = " ; SK 
490 Print 
500 RAVE = (R(0) + R(l) + R(2) + R(3)+ R(4)) / 5 
510 Prtiit "Percent Association = "; RAVE* 100:" % of Crown Ether Units" 
515 Print" Percent Extraction = "; EAVE* 100;" % of Metal Picrate Present" 
520 Prtiit 


