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ABSTRACT 

Synthetic methods for the preparation of novel multidentate ligands 

and the assessment of metal ion complexation by these ligands are 

described in this dissertation. The molecular structure of the multidentate 

ligands is systematically varied to provide a better understanding of the 

process of molecular complexation. 

Crowns ethers (macrocyclic polyethers) with a hydroxyl and an 

alkyl group linked directly to the central carbon of a three carbon bridge 

are synthesized in one step reactions of glycol and bisphenol dianions with 

substituted epichlorohydrins. Crown ethers bearing two hydroxymethyl 

functions are prepared from benzyl-protected and allyl-protected 

precursors. Synthetic pathways have been established for the preparation 

from crown ether alcohols of crown ethers with lonizable sulfonic, 

phosphonic and carboxylic acid pendant arms. Neutral amide- and 

ester-containing pendant arms are attached to crowns by reactions with 

crown acid chlorides. A series of novel bis-crown ethers result from 

condensations of diacid chlorides with crown alcohols. Acyclic tropolone 

ligands are prepared by reaction of calcium tropolone with 1,3-

ditosyloxypropanes. 

Alkali metal chloride complexing abilities of several monoaza crown 

ethers in 99% methanol-1% water are determined by potentiometiric 

titration. With monoaza-dibenzo-18-crown-6, the precipitation of 

lithium, rubidium and cesium chlorides is observed. Investigations of 

the precipitation phenomena in competitive mixed alkali metal 

chloride solutions are also carried out. Several sulfonated crown ethers in 

xiv 



buffered aqueous solutions are tested by potentiometric titration to 

determine complex stabilities with sodium and potassium ions. Results 

indicate that sulfonation enhances complex formation. 

Phase-transfer catalytic activities of several soluble and 

polymer-bound crown ethers are assessed in solid-liquid and liquid-liquid 

nucleophilic substitution reactions of alkyl halides with potassium 

cyanide. To provide additional information concerning the behavior of 

soluble crown catalysts, cloud point measurements are conducted. The 

results provide important insight into the influence of structural variation 

within the crown ethers upon catalytic activity. 
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CHAPTER 1 

INTRODUCTION 

Scope and Purpose of the Research 

The discovery of the remarkable complexing properties of 

macrocyclic polyethers 1 (termed "crown" ethers because of the 

appearance of their molecular models) towards metal cations, primary 

alkyl ammonium salts and other neutral as well as charged potential 

substrates has provided new challenges in chemistry during the past 

twenty years. One of the primary goals was to develop methods for the 

design and synthesis of macrocyclic host molecules in order to better 

understand the process of molecular complexation.^ A major effort has 

been concentrated on the exploration of possible applications of 

macrocyclic host molecules in reactions of stereoselective complexation, 

ion-transport, and molecular catalysis. Indeed, hundreds of original 

papers relating to various aspects of host-guest chemistry have been 

published within the past decade and considerable progress has been 

achieved. 

A major portion of this dissertation deals with the synthesis of new 

multidentate ligands. Facile synthetic methods for preparing crown ethers 

with hydroxyl groups and neutral and lonizable pendant arms are 



described. Crown ether alcohols are used as precursors for the 

preparation of crown ethers with neutral or lonizable pendant arms. 

A wide variety of crown ethers with alkyl and aryl substitutents at 

a quaternary pivot carbon are accessible by this approach. Systematic 

variations of alkyl and aryl substituents, as well as pendant arms, are 

carried out in order to better understand the process of molecular 

complexation. 

One area of particular interest in host-guest chemistry has been the 

study of doubly complexed guest species in "sandwich" complexes.3 

Guest molecules which are too large to fit into one host cavity may be 

complexed by two adjoining host cavities. In order to better study this 

phenomena, synthetic procedures to bis-crown ethers have been 

developed and are reported in this dissertation. The competition between 

complexes of a single crown ring and of both crown rings is probed by 

variation of the crown ether ring size. 

Another area of host-guest chemistry which has received 

considerable recent attention is open chain "acyclic" multidentate ligands. 

Acyclic ligands favor fast complex formation by allowing several readily 

accessible binding conformations. The end groups of acyclic ligands may 

be varied to induce changes in guest complexation. Synthetic methodology 

for the preparation of acyclic tropolone ligands was developed in order to 

better understand acyclic complexation and is reported in this dissertation. 

A second portion of this dissertation examines the complexation of 

cations by macrocyclic hosts. Potentiometric titration is a widely used 

method for the characterization of the metal binding ability of host 

ligands."^ Alkali metal cation complexation by monoaza crown ethers and 



sulfonated crown carboxylic acids was investigated by this method and the 

results of these studies are reported in this dissertation. 

Phase-transfer catalysis is often used as a method for assessment of 

metal ion complexation behavior of multidentate ligands which provides 

information about the ion pair complexation. These two-phase reactions, 

which were introduced by Stark,^ use catalytic amounts of transport 

agents to carry nucleophilic ion-pairs across phase boundaries. The 

transport behavior of several multidentate ligands as phase-transfer 

catalysts was characterized by quantitative studies of the reaction rates for 

a standard nucleophilic displacement reaction and the results of these 

investigations are reported in this dissertation. The studies included series 

of soluble and polymer-bound crown ethers. 

Review of Previous Research 

Host-Guest Chemistry 

Host-guest chemistry has emerged as a rapidly expanding field by 

development of the concept that a "host" cavity has the ability for 

molecular recognition of a "guest" species.^ Although host-guest 

chemistry had it origins with macromolecules such as clathrates" and 

cyclodextrins,' Pederson's discovery of crown ethers in 1967 led to an 

increased interest in the development of new inclusion compounds. A 

number of reviews have since appeared focusing on inclusion compounds, 

such as abiotic receptors,^ enzyme analogues," anionic receptor 



molecules,^^ macrocyclic carbonyl compounds,^^ cavitands,^^ 

calixarenes, ̂  ̂  modified crown ethers, ̂  ̂  and cyclodextrins. ̂  ̂  

The crown ether is a simple model for a macrocyclic receptor. The 

design of new crown ethers and the study of their complexation behavior 

has allowed the process of molecular complexation to be better 

understood. In addition to the parent macrocycles, new multidentate 

ligands have been made by functionalization of crown ethers through 

incorporation of chemical moieties in the crown ether ring or in a pendant 

arm.l^ Such new multidentate ligands may exhibit improved binding 

abilities and selectivities while providing new understanding of inclusion 

phenomena.^ 

Macrocyclic ligands are receiving ever-increasing interest in 

analytical chemistry in such applications as ion-selective solvent 

extraction and membrane transport processes, chromatographic 

separations and spectroscopic determinations, ion selective electrode 

techniques, and related electroanalytical procedures, including optical 

resolutions and isotope separations.^" Crown ethers containing 

responsive functionality have been used in these applications to separate 

and determine various guest species.^' 

In view of the voluminous and ever-expanding literature for 

host-guest chemistry involving multidentate ligands, complete coverage 

of the background information in this section would be impractical. 

Therefore, the background information will be restricted to selected 

topics of special relevance for the dissertation research. 



Synthesis of Multidentate Ligands 

Hydroxycrown Ethers 

Crown ether alcohols are useful for the synthesis of ionophores with 

responsive functionality. Crown ether alcohols are versatile synthetic 

intermediates for the preparation of ionophores with pendant arms,^^ 

bis-crowns,^ and polymer-bound crowns.^" The synthesis and evaluation 

of crown ether alcohols has received increasing attention in the recent 

literature. The following review treats only the general development of 

this field of research. An extensive review of this topic has been 

published.^^ 

Approaches to hydroxy crown ethers can be divided into three basic 

categories: 1) the reaction of diols with ditosylates or dihalides in which 

either partner may contain a masked hydroxyl group; 2) reactions of 

epichlorohydrins with glycolates or phenolates; and 3) intramolecular 

ring closures of diols which have a masked hydroxyl group. 

An example of the first type of ring closure is the cyclization of diol 

1 with ditosylate 2. in the presence of potassium t-butoxide in 

tetrahydrofuran to yield hydroxymethyl-18-crown-6 (1) after 

debenzylation (Figure 1).^^ A large variety of diols with masked 

hydroxyl groups have been used to synthesize crown ether alcohols in this 

manner.20 Hydroxyl protecting groups such as benzyloxy, allyloxy, 

t-butoxy, and diethyloxy acetal have been used.^^ 

For the second general method crown ether alcohols, 4 and 5 have 

been realized by reaction of epichlorohydrin (6) with glycolate 7 and 



bis-phenolate 8 dianions as shown in Figure 2. Ring closure of a number 

of bisphenols and diol polyethers has been achieved in this manner.̂ -^ 

C)Bz i ^ ^ O H T s O ^ ' ^ f ' ^ ^ ^ O ^ ^ OH 
O Os^ 1) t-BuOK, THF^O 

O O ^ 2)H2,Pd-C O 

^ O H T S O ^ k ^ o ^ 

Figure 1. Cyclization of Diol and Ditosylate to Hydroxy Crown Ether. 

O CI 
H s ^ O H 

/ O H H O ^ ^ ^ O ^ 

A A 6 A - ^ " ^ A 
\ / 

^ O O ^ NaOH,H20 Q O 

k / ^ x X ^ NaH,THF ^ x ^ ^ s X ^ 
A Comnd A Compd 

-CH2CH2- 7 -CH2CH2- 4 
0-C6H4 S 0-C6H4 5 

Figure 2. Cyclization of Glycolates and Bisphenolates with 
Epichlorohydrin. 

While aqueous hydroxides are used as the base for ring closure of 

bisphenols, metal hydrides in tetrahydrofuran are more effective for the 



cycUzation of diol polyethers. The metal cation of the base is used as a 

template ion and is varied depending on the desired ring size.̂ -^ 

The scope of crown ether synthesis was broadened by the discovery 

of intramolecular cyclization (Figure 3).^^ Intramolecular cyclizations 

are one-vessel reactions which occur via the formation of monotosylate 

intermediates.^"^ For example, the reaction of benzyl-protected diol 9 in 

the presence of one equivalent of tosyl chloride and potassium hydroxide 

followed by hydrogenolysis of the benzyl protecting group protecting 

group afforded hydroxymethyl-18-crown-6 (10^ in a 60% yield.^^ 

Various protecting groups have been used to make several different ring 

sizes of hydroxymethyl crown ethers by this method.̂ "^ 

1) KOH, TsCl 
OBz dioxane 

2)H^Pd-C 

IQ 

Figure 3. Intramolecular Cyclization of a Diol to a Crown Ether. 

Presently-available methods for the preparation of tertiary alcohols 

from glycol or bisphenol precursors are multi-step reactions or produce 

undesirable side products.^^'^^ Tomoi used the crown ether alkene IJ. 

to prepare the corresponding tertiary crown ether alcohol 12 by 
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oxymercuration-demercuration (Figure 4).^^ Bartsch and coworkers 

have used the Grignard addition of n-butyl, n-octyl, and n-tetradecyl 

magnesium bromides to sym-ketodibenzo-16-cro wn-5 (13) to prepare 

crown tertiary alcohols 14-16 (Figure 5).^" 

/~ ^ ^ 1) Hg(OAc)2, H p < ^ ) 

O O > - O O 
l ^ O ^ 2)NaBH, ^ O ^ 

11 12 

Figure 4. Oxymercuration-Demercuration of a Crown Ether Alkene. 

O R^ ^OH 

o o o o 
k ^ O ^ THF " ^ O ^ 

R compd. 
13 

-C4H9 14 

Figure 5. Grignard Addition to a Crown Ketone. 



Crown Ethers with Pendant Arms 

The synthesis and evaluation of crown ethers bearing pendant arms 

have received increasing attention in the recent literature. "̂̂  

Multidenatate ligands containing either lonizable or neutral pendant 

groups have been described. A wide variety of responsive chemical 

moities have been attached as pendant arms to crown ethers. The 

following review treats only the general development of this field of 

research. Extensive reviews of this topic have recently been 

published. ̂ '^'^^ 

The term "macrocyclic effect" was coined by Cabbiness and 

Margerum to describe enhanced stability for complexes of cyclic ligands 

over those of open-chained analogs (Figure 6)?-' Lehn and Sauvage 

(^o^ r^o-^ ci-
^ V . KCl ^ = ^ Ĉ  "̂  J 
O "rf o o o 

Figure 6. Conformational Preorganization of 18-Crown-6 

showed that a single attached pendant arm bearing donor groups can 

increase complex stability more than does the macrocyclic effect alone.^^ 

Crown ethers favor filling their potential cavities with ring methylene 
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groups and must undergo conformational preorganization to form a 

cavity upon cation complexation.^^ 

A pendant arm places a smaller reorganization burden on the crown 

by partially inhibiting solvation and decreasing the number of nonbonding 

conformations."^^ 

Neutral Pendant Arms 

Gokel has reported crown ethers possessing neutral pendent arms 

such as ethylenoxy groups. He has named these types this types of cation 

binder as "lariat ethers" due to their resemblence to a rope noose.^^ The 

donor side-arm may be attached to either a ring carbon (as in 17) or 

M e O ^ , , M e O ^ 

Figure 7. C-Pivot and N-Pivot Lariat Ethers. 

nitrogen (as in 18) producing "C- or N-pivot lariat ethers" (Figure 7). 

Enhanced binding affinities of lariat ethers over parent crown ethers were 

observed while only modest improvements in cation selectivities 



11 

resulted.^ ̂  Facile inversion of N-pivot lariats reduces the sideness 

problem associated with the fixed stereochemistry of C-pivot lariats and 

Figure 8. A Methyl Lariat Crown Compound. 

results in much stronger complexation. Pendent bearing crown ethers 

containing a methyl group at a quaternary pivot carbon have been termed 

"methyl lariats" (eg. 19) and shown to bind cations better then the 

non-alkylated species (Figure 8).-^^ This enhancement has been ascribed 

to steric interactions between the crown and the exocyclic alkyl group 

which helps to position the pendant arm over the crown ether cavity. 

A wide range of crown ethers with two lariat arms have been 

prepared by attachment of side-arms via two nitrogen or carbon pivots.33 

Bis-lariat crowns have been synthesized with the donor side-arms attached 

to the same carbon of a two or three carbon bridge (as in 20 and 21, 

respectively) and were found to bind cations appreciably better than single 

arm pendants (Figure 9).̂ "* The attachment of lariat arms to two ring 

carbons has also been reported as well as attachment of lariat arms to two 

ring nitrogens.^ "̂  Crowns with four lariat arms exhibit low cation 

transport rates compared with bis-lariat crowns.-^^ 
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Malmsten investigated N-pivot lariat crowns and reported changes in 

complex stability with variation of the side-arm donor group.^" Several 

researchers have reported the attachment of alkyl and aryl pendants 

and found moderate increases in binding ability, together with enhanced 

MeO O—V / ^ 
\ MeO O - ^ 

MeO—/ MeO O^ 
20 21 

Figure 9. C-Pivot Bis-Lariat Crown Ethers. 

.R compd. 

R < > R 
^^o o-^ 

22 

23 

_ 24 

O 
NHo 25 

CONHMe 26 

C02Et 22 

Figure 10. N-Pivot Bis-Lariat Crown Ethers. 
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reagent lipophilicity.^'^ Furan (in 22 ), thiophene (in 23 ), N-phthalimido 

(in 24), and amine (in 25) donor groups (Figure 10) exhibited higher 

cation transport abilities while pendent ester (in 26) and amide (in 27) 

groups diminished complex stability.^ ̂  

lonizable Pendant Arms 

Cram was the first to report an lonizable crown ether, which was the 

2,6-dimethyl-benzoic acid 18-crown-6 compound 28, as shown in Figure 

11.3" The carboxyl group of the ligand acts, after proton removal, as an 

internal counter ion for the complexed guest. The X-ray crystal structure 

of 28 showed that the potential cavity within the molecule was filled with 

the carboxylic acid residue.^^ Therefore complexation of a guest species 

by 28 must be associated with a major conformational reorganization in 

the host. 

Crown ether tetracarboxylic acid 29 with pseudoaxial lonizable 

pendant arms, would encounter much less reorganization upon complex

ation, and therefore has affinities for cationic guests which are several 

orders of magnitude higher than those reported for 28. (Figure 11). 

Crystallographic studies of 29 showed that complexes with ammonium 

salts were formed by hydrogen bonding to only ring oxygens in a 

conformation similar to that found in other complexes of 18-crown-6. It 

has been suggested that the short reach of the carboxylic acid substituent is 

not enough to provide interaction with the guest.*^^ 
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Modification of the pendant arm by insertion of spacer groups 

between the crown ether ring and the carboxylic acid residue resulted in 

HO2C,,, . O O ^ C O j H 

H 0 2 C < ^ 0 0 ^ " C 0 2 H 

28 29 

Figure 11. Early Crown Ether Carboxylic Acids. 

H, OCH2CO2H 

O O 

o o 

31 

Figure 12. lonizable Crown Ether Pendants. 

enhancement of guest complex formation.^^ Crown carboxylic acids 30 

and 21 were among the first examples with lonizable pendant arms of 

sufficient length to allow interaction with the guest by both crown and 

lonizable groups (Figure 12)."̂ ^ 
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Recent reviews describe crown ethers with lonizable pendant arms 

which have been prepared by attachment of side-arms to nitrogen or 

RCH2CH2-N N-CH2CH2R 

^ O O—/ 

R compd. 
-SO2H 32 
-PO3H2 23 
-CO2H 24 

Figure 13. Diionizable Crown Ether Pendants. 

carbon pivots. ̂ ^'^^ Several crowns with multiple lonizable arms have 

been produced and were found to be excellent chelating agents for 

multivalent cations."^^ Variations of the lonizable pendant group have 

been conducted for several crown compounds. For example, 1,10-diaza-

18-crown-6 analogs with sulfonic (as in 22), phosphonic (as in 22), and 

carboxylic acid (as in 21) pendant arms (Figure 13) have been compar-

ed."̂ ^ As would be anticipated, changes in the acidity of the lonizable 

pendant groups resulted in different ionization pH values for the chelating 

agents. A recently-published X-ray crystal structure for a complex of 21 

has demonstrated that both side arms are involved in cation binding."^^ 

lonizable crown ethers possess an anionic coordination site and 

dierefore do not require the transport of an aqueous phase anion when a 
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metal ion is extracted into an organic medium. As a result, ion transport 

is greatly facilitated. Crown ethers with lonizable pendant arms have been 

used in a variety of metal extraction procedures.^^ Bulk liquid 

membrane, emulsion liquid membrane and liquid-liquid extraction are 

among some of the ion-separation applications which have been 

investigated.^^ 

Investigations of metal extraction have revealed that lipophilic alkyl 

groups must be attached to simple crown ether carboxylic acids in order 

to retain the agent in the organic phase.^^ The transport of alkali metal 

cations across liquid surfactant membranes was shown to be influenced 

by the the site of the lipophilic group attachment. For example dibenzo-

16-cro wn-5 carboxylic acid analogs 35. 36 and 37 (Figure 14) exhibited 

dramatic changes in extraction behavior.^" The attachment of an alkyl 

group to the crown ether carbon which bears the pendant arm (as in 22) 

R" 
I 

R>^0CHC02H 

o o-

o o 

R R' R" compd. 

-H -C(CH3)3 -H 21 
-H .H -CgHn 2fi 
-CgHn -H -H 27 

Figure 14. Lipophilic Crown Carboxylic Acids. 
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facilitated metal ion complexation. Increases in the efficiency and 

selectivity of metal ion complexation by 22 were attributed to steric 

interactions which orient the pendant arm over the polyether cavity. 

Bis-Crown Ethers 

Bis-crown ethers form strong complexes with alkali metals as the 

result of the intramolecular sandwiching of cations between two adjacent 

crown rings.^ This phenomenon occurs when the cation is too large to fit 

into the cavity of the crown ether. The process of guest recognition has 

been investigated through changes of the bis-crown structure. 

Reported structural variations of the connecting bridge between the 

two polyethers units of a bis-crown ether can be organized into several 

general classes: 1) diamides; 2) diesters; 3) diurethanes and diureas; 4) 

disulfides; 5) diamines; 6) diethers; and 7) dialkanes and dialkenes.^ 

Structural changes of cylindranes and spiro-linked crowns are also 

reported and are of interest as the result of their abilities to form sandwich 

structures.^^ The numerous reports of bis-crown ethers have been 

summarized in several review articles.*^ The following review provides 

background concerning the class of diester bis-crown ethers which is the 

subject of further molecular design in this dissertation. 

Bis-crown ethers which utilize a connecting ester bridge have been 

synthesized in low yield by transesterification of diethyl esters with 

hyroxymethyl crown ethers.^ ̂  Reaction yields are improved by the 

reaction of diacid chloride with hydroxymethyl crown ethers in the 
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presence of silver cyanide.^^ Complex stabilities for bis-crown ethers, 

which incorporate 2-(n-dodecyl)-2-methylmalonate in a connecting 

12^25 

< o' ( o 

j i compd. 
1 2S 
2 22 
3 40 

Figure 15. Malonate Bis-Crown Ethers. 

bridge, have been determined for alkali metal guests by potentiometric 

titration. These bis-crown ethers were found to be selective for cations 

whose diameters were slightly larger than the diameter of the crown 

cavity.^^ Therefore, malonate bis-crown ethers with 12-crown-4 (as in 

38 ), 15-crown-5 (as in 22), and 16-crown-5 (as in IQ) ring sizes (Figure 

15) exhibit selectivity for sodium, potassium, and cesium, respectively. 

The bis- 12-crown-4 compound 38 was also used as an agent for solvent 

extraction and produces greater extractability of sodium picrates into 

methylene chloride than of potassium, rubidium and cesium picrates.^-^ 
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Acvclic Ligands 

Open-chain bioionophores, such as nigericin, nonacrin and 

valinomycin which complex alkali metal ions with a remarkable degree 

of selectivity, prompted the study of acyclic oligoethers.^^ Simple 

acyclic neutral Ugands of the types H , 12 and 13 (A, B, C, D are any 

structural units) have been reported (Figure 16). These ligands have the 

important advantage of facile syntheses from inexpensive starting 

materials. 

I—I ^ — ^ 

0 - 0 0 0 0_[B] [ A } - 0 ^ 0 

41 42 

0-0 

0 
J 
r~^ H D ] 

B 

O 0 

42 

o-H 

o-H 

Figure 16. Types of Acyclic Ligands. 

The structural units A, B, C, and D are either alkyl or aryl groups.^^ 

lonizable as well as neutral coordination sites have been placed on both 

alkyl and aryl substituents.^^ The replacement of ether oxygens with 

nitrogen or sulfur atoms resulted in changes in complex stabilities. 

Numerous reports of acyclic ligands have been the subject of recent 

review articles.^^ The following review provides background 
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information concerning acyclic ligands which are the subject of further 

molecular design in this dissertation. 

The attachment of rigid (i.e. aromatic) terminal groups (A, B, C, 

and D) bearing donor groups affords neutral ligands which readily 

form stable crystalline complexes with alkali and alkaline earth metal 

ions. Suitable terminal groups are 8-quinolyoxy (as in H ) , o-methoxy-

phenoxy (as in 1^), o-nitrophenoxy groups (as in 16 ) which among many 

others allow the synthesis of symmetrical and unsymmetrical open-

chained ligands (Figure 17).^^ 

[ X j - O O O O O—|A| 

gpmpd, 

0Ca ^ 

b " 
Figure 17. Acyclic Ligands with Donor Terminal Groups. 

In works by Vogtle and Chacko, tropolone terminal groups 17 were 

shown by crystallographic studies to form Rbl complexes in which all 

ligating sites on the hgand are binding to the guest.^^ Tropolone end 
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groups are suitable donor groups as the result of aromatic resonance 

structures which place greater charge density on the carbonyl oxygen. 

Complexation by Multidentate Ligands 

Cation Complexation by Multidentate Ligands 

Several techniques have been devised to study the complexing 

abilities of cyclic polyethers.^^ Stability constants (equilibrium constants 

for complexation) have been calculated using calorimetric titration 

techniques and potential-conductance measurements. In the most widely 

used method, which was developed by Frensdoff,"* stability constants are 

determined in H20/MeOH solutions by potentiometry with cation-

selective electrodes. This method has the advantage of measuring a large 

range of values. The thermodynamic stability constant for a 1:1 complex, 

Kjis defined by: 

Ki=(fc [MCrown+] / (f^ [M+] fcr [Crown]) (Eq. 1) 

where [MCrown+], [M+] and [Crown] are the molar concentrations of 

complexed cation, uncomplexed cation, and uncomplexed crown, while 

fc ^m ' ^ ^ ^cr ^® ^^ corresponding activity coefficients. Since f̂  and 



22 

fjn are unknown, the concentration stability constant Kj' is more often 

reported and is given by: 

Ki'= Ki ( fjn / fc) = [MCrown+] / [M+] [Crown] (Eq. 2) 

where f̂ j- has been taken as unity. The stability constant for a 2:1 complex 

is defined by: 

K2'= K2 ( fc / fd) = [MCrown2+] / [MCrown+] [Crown] (Eq. 3) 

where the concentration and activity constants of the 2:1 complex are 

[MCrown2"^] and f̂ , respectively. Both Kj' and K2' can be calculated by 

the simultaneous solution of equations 2 and 3 giving: 

Y= l-uR-[ (l-uR)2-(l-u)2 ]l/2 (Eq. 4) 

where R= 1 - Kj' / 2 K2' and u is the fraction of cation left uncomplexed. 

The value of u can be calculated by the Nemst equation for the calomel 

reference: 

u=(10-^^/59.16) /D (Eq. 5) 

where AV is the difference between the emf of the salt solution and that of 

the salt polyether solution in millivolts and D is the dilurion factor. 

Therefore by assuming an R value, Kj ' and K2' can be calculated. 

Frensdoff s method is used to determine the stability constants in a single 
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phase solvent system. The one-phase equilibrium expression may be used 

in conjunction with the proper partition coeffients for extraction 

processes. 

Phase Transfer Catalysis by Multidentate Ligands 

Two-phase reactions which use catalytic amounts of transport agents 

to carry nucleophilic anions across phase boundaries were introduced by 

Stark^ as "phase-transfer catalyzed" reactions. This landmark discovery 

in organic chemistry has resulted in many convenient synthetic methods 

for substitution, elimination, reduction, and oxidation reactions. Several 

quantitative studies have shown that pseudo-first and second order kinetic 

behaviors are observed for liquid-liquid and solid-liquid systems, 

respectively, with rate constants increasing linearily with catalyst concen-

tration.5^ Polarizable anions are more efficiently transported into 

organic media as "naked anions." 

The effectiveness of quaternary onium salts and crown ethers as 

phase-transfer catalysts has been established for more than a decade.^^ 

Literature data show that crowns are very efficient catalysts in 

solid-liquid, two-phase reactions while ammonium and phosphonium salts 

are better catalysts in liquid-liquid two-phase systems.^^ 

To be an effective catalyst in a liquid-liquid, two-phase system, the 

crown ether must be sufficiently lipophilic to partition primarily into the 

organic phase, and be a strong complexing agent.^^ The actitivity of a 

quaternary onium salt catalyst in a liquid-liquid two-phase reaction is also 
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dependent upon the catalyst structure and lipophilicity. Onium salts with 

three n-butyl groups and one long alkyl group have been found to provide 

the optimal degree of looseness in the ion-pair while maintaining a high 

lipophilicity. 

Lipophilic crown ethers exhibit surface active properties as the 

result of the crown ring acting as a hydrophile and the alkyl group being a 

lipophile.^^ The hydrophilic / lipophilic balance of alkyl crown ethers as 

well as their tendency to form aggregates can be established by 

measurements of surface activity.^^ Aggregation of the phase-transfer 

catalyst reduces activity.^^ 

The activity of quaternary onium salts and crown ethers as 

solid-liquid phase transfer catalysts has been assessed.^ ̂  The greater 

effectiveness of crown ethers in solid-liquid reactions results from their 

ability to break up the crystal lattice of the solid phase.^^ Although 

examples of crown ethers connected via a hydrocarbon spacer chain to a 

quaternary ammonium group are known,"^ their catalytic activities have 

not been examined. 

Crown ethers, cryptands, and quaternary ammonium and 

phosphonium salts have been attached to polymer supports""^ and utilized 

as triphase catalysts in a special type of phase-transfer catalytic reaction 

which was introduced by Regen in 1975."^ In such systems the catalyst is 

an insoluble third-phase which resides at the interface between immiscible 

organic and aqueous phases."^ Compared with soluble phase-transfer 

catalysts, the polymer-supported catalysts have the important advantage of 

facile recovery for reuse.^^ 
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For polymer bound crown ethers, van Zon"" and Tomoi^^ observed 

that enhanced levels of crown ether loading on cross-linked polystyrene 

produced catalysts with higher activity. Montanari"^ discovered that 

insertion of a long hydrocarbon spacer group between the polystyrene 

backbone and the crown ether unit gave increased catalytic activity for 

displacement reactions which involve soft nucleophilic anions, such as I" 

and SCN". For harder anions like Br" and CN", the addition of a spacer 

group had little effect. Connection of the crown ether to the polymer by a 

short spacer chain allows for interactions of two crown ethers with one 

cation in a sandwich structure.^^ In general, polymer-supported crown 

ether catalysts have been found to be less efficient than soluble crown 

ether catalysts in stirred multiphase reaction systems. 

For triphase catalysis by polystyrene-bound crown ethers, effects of 

stirring, catalyst amount, percent of ring substitution, degree of 

cross-linking, and spacer group insertion upon catalyst efficiency have 

been probed.^^ A heterogenous catalysis mechanism has been proposed 

as a model to interpret changes in activity."^ Variation of the 

polymer-bound crown ether has received much less attention with only 

pendant 18-crown-6, benzo-18-crown-6, monoaza-15-crown-5, and 

monoaza- 18-crown-6 units being examined."^ 

Formulation of the Research Plan 

Dual goals of this dissertation research are to discover new synthetic 

routes to multidenate ligands and to assess alkali metal complexation by a 
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number of these ligands. Structural variation within the multidentate 

ligands will provide a better understanding of the factors which influence 

complexation. 

Preparative pathways to new hydroxy crown ethers are important 

synthetic objectives for this research. The novel crown ether alcohols will 

be utilized for the synthesis of crown ethers with neutral of lonizable 

sidearms. lonizable crown ethers will include crown carboxylic acids and 

crown phosphonic acid monoalkyl esters, as well as crown dicarboxylic 

acids which will be obtained from crown diols. Crown ethers with two 

types of lonizable groups will be prepared by ring sulfonation of dibenzo 

crown carboxylic acids. Crown ethers with neutral sidearms which 

contain amide and ester groups are also synthetic objectives. Preparation 

of a series of novel bis-crown ethers and acyclic bis-tropolone ligands is 

also envisioned. 

Several methods will be employed to examine the complexation of 

alkali metal cations by several groups of the new multidentate ligands. 

From potentiometric titration data, stability constants for complexation of 

sodium and potassium cations by selected neutral and lonizable crown 

ethers will be determined. In addition, phase-transfer catalytic activities 

for several soluble and polymer-bound neutral crown ethers will be used 

to assess ion transport abilities in solid-liquid, liquid-liquid, liquid-solid-

liquid nucleophilic substitution reactions. 



CHAPTER2 

SYNTHESIS OF MULTIDENTATE LIGANDS 

Results and Discussion 

Hydroxycrown Ethers 

In this dissertation research, convenient synthetic methods are 

developed which produce new crown ether tertiary alcohols 59-87 that 

are subsequently utilized to probe the effects of alkyl and aryl group 

subsitution on metal ion complexation and as synthetic intermediates for 

the preparation of ionophores with pendant arms. 

In earlier work conducted by this research group and by others, the 

reactions of 2-chloromethyloxirane with glycolate and bis-phenolate 

dianions were utilized to prepare crown ether secondary alcohols.^3 j ^ i s 

one-step, ring-closure method is now extended to synthesize crown ether 

tertiary alcohols by use of 2-substituted 2-chloromethyloxiranes 48-52. 

The requisite 2-substituted 2-chloromethyloxiranes 48-52 were 

prepared by two synthetic routes. Several methods for the synthesis of 

2-methyl-2-chloromethyloxirane 18. have been reported in the 

literature.^^ In adapting one of these procedures to bench scale, an 

aqueous solution of KBr-Br2 was employed to quantitatively convert 

methylallyl chloride (53) to 3-bromo-l-chloro-2-methyl-2-propanol (51) 

27 



28 

which upon azeotropic distillation from Ca(0H)2 gave 18 in an 85% 

yield^^ (Scheme 1). 

CI Br OH CI P^ CI 
y Brj, KBr, Efi I I Ca(OH),,H,0 Z_ \ / 

CH3 CH3 CI^ 

54 4S 
53 

Scheme 1. 

With a method developed by Johnson,^^ 2-phenyl-2-chloromethyl-

oxirane (12) was prepared by the reaction of PhMgBr with 1,3-dichloro-

2-propanone (55) at -60 ^C to give a 77% yield of l,3-dichloro-2-phenyl-

2-propanol which upon treatment with NaOH produced 12 in an 85% 

yield. New substituted 2-chloromethyloxiranes 50-52 were prepared by 

reaction of the appropriate alkyl or aryl magnesium bromide with 

l,3-dichloro-2-propanone (55) at -60 ^C to give in 61-70% yields the 

corresponding dichlorohydrins which subsequently were converted to the 

epoxides 50-52 in 79-98% yields by treatment with NaOH (Scheme 2). 

Attempts to synthesize 2-n-hexadecyl-, 2-sec-butyl-, and 2-tert-butyl-2-

chloromethyloxiranes by analogous procedures were unsuccessful. 

Product analysis by GLC showed that instead of carbonyl addition, 

reduction and enolization predominated. Alkyllithium reagents have 

often been used to increase the degree of carbonyl addition.'3 From the 

addition of t-BuLi to l,3-dichloro-2-propanone (55) at -60 ^C, only a 
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1-2% yield of the desired addition product was obtained. Steric factors 

are undoubtedly responsible for the difficulty of carbonyl addition. 

55 

RMgBr 

THF 
-60 OC 

CI 
L 

OH CI NaOH 

R 

Scheme 2. 

MeOH 
HP 

0 
A 

R 
R 

/ 

CI 

42 Ph 
50 n-CioH2i 
51 n-Ci4H29 
52 p-(n-CioH2i)C^ 

The synthesis of 2-[£-(n-decyl)phenyl]-2-chloromethyloxirane (52) 

required the preparation of l-bromo-4-(n-decyl)benzene (56) which is 

outlined in Scheme 3. This was accomplished by the conversion of 

p-(n-decyl)aniline (57) to its diazonium tetrafluoroborate salt̂ "̂  58, 

followed by a PTC reaction^^ with BrCCl3 and KOAc in THF in the 

presence of 18-crown-6. 

N^B^-

NaNO„Ha 

F4BH 

KOAc, BrCCl3, 

18-crown-6 

Scheme 3. 
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Dianions from diol polyethers 52z62 (Scheme 4 and Table 1) were 

cyclized with 2-substituted-2-chloromethyloxiranes 48-52 in THF to form 

crown ether tertiary alcohols 12 and 63-74 with ring sizes of 13-crown-4, 

14-crown-4, 16-crown-5, and 19-crown-6. 

V X" 
^ O H HCHv K ^ o 

^^— B ^ MH,THF \ B — ^ 

59-62 12,63-74 

Scheme 4. 

The glycolates were generated from metal hydrides and a metal ion 

template effect was utilized to facilitate cyclization. Thus a 1:1 mixture of 

LiH and NaH was found to produce the highest yields of 13-crown-4 and 

14-crown-4 compounds. Whereas, NaH and KH were used to prepare the 

16-crown-5 and 19-crown-6 derivatives, respectively. In general, the 

yields of crown ether tertiary alcohols were higher in cyclizations with 

2-n-decyl-2-chloromethyloxirane (12) and 2-n-tetradecyl-2-chloro-

methyloxirane (50) (48-74%) than with 2-phenyl-2-chloromethyoxirane 

(51) and 2-[(£-decyl)phenyl]-2-chloromethyloxirane (52) (14-63%) or 

2-methyl-2-chloromethyloxirane (18) (26-62%). The highest cyclization 

yields were obtained in formation of 16-crown-5 rings. Spectra and 

capillary GLC retention times for samples of 12 made by this method and 

the procedure reported by Tomoi and co-workers^^ were identical. The 



Table 1. 
Preparation of Substituted Hydroxy Crown Ethers. 
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13- and 14-crown-4 compounds formed strong solvates with CH2CI2. 

Mass spectral analysis of such solvates demonstrated that the chlorocarbon 

was freed only upon heating at 200 ^C under a vacuum of 10"^ Torr. In 

agreement, elemental analysis of these compounds shows small amounts of 

CH2CI2 even after heating at 150 ^C under 0.1 Torr vacuum for 24 hours. 

Facile synthesis of dibenzo crown ether tertiary alcohols 75-83 

(Scheme 5 and Table 1) was accomplished in 31-79% yields by slow 

QVOH H0-(0) R ^° op 
B M0H,H20 B 

or 
MH,DMF-THF 

MM IMl 

Scheme 5. 

addition of 2-phenyl- or 2-methyl-2-chloromethyloxirane to aqueous 

solutions of bisphenols 84-86 and the appropriate alkali metal hydroxides. 

Due to the high lipophilicity of 2-n-decyl-2-chloromethyloxirane, ring 

closures with bisphenols in aqueous base were unsuccessful. However 

cyclizations to form 81-83 in 45-65% yields were effected in THF-DMF 

when appropriate metal hydrides were utilized to generate the 

bis-phenolates (Scheme 5 and Table 1). 

Synthesis of the highly lipophilic crown ether tertiary alcohol, 

sym-(hydroxy)(methyl)-bis[4(5)-t-butylbenzo]-16-crown-5 (87) in 64% 
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yield resulted from the reacton of bisphenol 88 with NaH in THF followed 

by addition of 2-methyl-2- chloromethyloxirane (Scheme 6) 

OlsN. .OH 

•OH HCKM> C M V O 

0 0 ^ w 0 0 

C(CH3); 

18 M 

Scheme 6. 

Binding abilities of the substituted 16-crown-5 compounds for Na+ 

and K"*" were assessed by solvent extraction of aqueous solutions of sodium 

and potassium picrates with deuteriochloroform solutions of the crown 

ethers at room temperature.^^ The data for substituted hydroxy-

16-cro wn-5 ethers and hydroxydibenzo-16-cro wn-5 ethers showed that 

both Na"*" and K"*" binding efficiency was influenced by upon substituent 

variation. 

For the ethyleneoxy 16-crown-5 compounds, alkyl and aryl 

substitution increased Na"̂  association and extraction constants by an order 

of magnitude. Association and extraction constants for K"̂  decreased 

uniformly with increasing size and lipophilicity of the substituent. 

These results may be rationalized by the conformational effect that a 

substituent will have on host preorganization. Since the formation of a 

complexing cavity requires conformational reorganization and desolvation 
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of binding sites, preorganization of the host geometry to fit the guest 

geometry facilitates complexation.^^ The rotational profile about bond 1 

Figure 18. Crown Ether Conformers (a) R=H, and (b) R=OCRfO^. 

(Schemes 4 & 5) of the SiOn-hydroxy-l 6-cro wn-5 compounds may be 

represented by the staggered conformers A-C in Figure 18a. Changes 

of the substituent group R will vary the total steric and solvation energies 

of the six possible conformations about bonds 1 and 2, which will influence 

the minimal potential energy conformation of the host. In A-C, a gauche 

interaction is destabilizing, but less so if the gauche groups are -OH and 

-OR for which hydrogen bonding is possible. 

For unsubstituted sym-hydroxy-16-crown-5 (R=H), conformer A 

has two gauche interactions and conformers B and C have one each. 

However for conformer C, the gauche interaction permits hydrogen 

bonding. Thus conformer C in which the methylene group is directed into 

die potential cavity is predicted to be the most stable. 

For the substituted sym-(alkyl or aryl)(hydroxy)-16-crown-5 

compounds (R= alkyl or aryl), each of the conformers has two gauche 



35 

interactions. However for conformers A and C, one set of gauche 

interactions is of the hydrogen bonding type. If the substituent R has larger 

spatial demands than a methylene group, then conformer A is predicted to 

be the most stable. Thus the change from preferred conformation C to A 

upon introduction of the substituent explains the enhanced binding of Na+ 

and K+ by the crown ether tertiary alcohols when compared with crown 

ether secondary alcohol. 

For the sym-hy droxydibenzo-16-cro wn-5 compounds, introduction 

of an alkyl group again enhances cation complexation, but to a lesser extent 

than found for the previous series due to the rigidifying benzo groups. 

However when the sterically-demanding phenyl substituent is present, 

cation binding is inferior to that of the corresponding crown ether second-

Figure 19. HNMR Spectra (60 MTIz) for Dibenzo Crown Ether Tertiary Alcohols 
(a)26,(b)2S,and(c)SQ. 



36 

ary alcohol.'^^ Insight into this apparent anomaly is provided by the 

^H-NMR spectra for sym-(hydroxy)(phenyl)-dibenzo crown compounds 

76, I S , and 80 in the region 5 =3.0-5.0 (Figure 19). For each compound, 

a downfield singlet for two hydrogens is separated from the remainder of 

die ring methylene hydrogen signals. This suggests non-equivalence of the 

two methylene groups on the three carbon bridge and is consistent with an 

A-C conformation (Figure 20) in which one methylene group points into 

Figure 20. The A-C Conformation for Phenyl-Substituted Dibenzo 
Crown Ether Alcohols. 

the polyether cavity. Shielding by the phenyl group substituent causes one 

pair of the methylene hydrogens to resonate at a lower field than the other. 

This unusual downfield singlet disappears upon metal ion complexation. 

Synthetic approaches to crown ethers with pendant alcohol groups 

are illustrated in Schemes 7 and 8. The pendent arm allows methylene 
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rS 
0 

0 

2Q 

f^OH 

Hv .0 
C(CH3)3 (CH3)3C ^ /^^™^ 

1) NaH, THF 
0 
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2) CICH2CH2OTHP M k ^ ^ ^ v ^ 

3) MeOH, HCl ^S 

Scheme 7. 

,C(CH3)3 (CH3)3C 

1) NaH, THF 

92 

l)NaBH4,BF3Et20 (CH3)3C, 

2) H^q ,NaOH 

Scheme 8. 
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spacer groups to be inserted between the crown and the hydroxyl group. 

Crown ether alcohol 88 which has a four atom pendant arm was prepared 

in a 66 % yield by addition of THP-protected ethylene chlorohydrin (89)'̂ ^ 

to the alkoxide of 90,'79 followed by removal of die THP-protecting group 

with 10% HCl-methanol to give 88 in a 96 % yield (Scheme 7). 

The synthesis of crown ether alcohol 91 which has a five atom 

pendant arm was accomplished by addition of the alkoxide of 90 to allyl 

bromide (22) to give 93 in a 75 % yield followed by hydroboration^^ to 

provide 21 in a 97 % yield (Scheme 8). 

Dihydroxycrown Ethers 

Synthetic routes for new di(methylhydroxy)-18-crown-6 ethers 

94-97 are outlined in Schemes 9 through 13. These crown ether diols are 

used as synthetic intermediates for the preparation of ionophores with two 

lonizable pendant arms. Hydroxymethyl group positions are varied in 

compounds 94-97 to explore what effect the attachment sites of the pendant 

arms has on metal ion complexation. 

Reaction Schemes 9-13 which lead to di(protectedmethyloxy)-

18-crown-6 compounds were designed using new di(allyloxymethyl) 

glycols 98-102 and the previously-reported^^ di(benzyloxymethyl) gylcol 

103. The reaction of the dialkoxides of glycols 59, 61, 62, 104, and 105 

with allyl glycidyl edier (106) gave di(allyloxymediyl) substituted glycols 

98-102 in 52-81% yields after high vacuum distillation (Scheme 9). 
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Di(allyloxymethyl) gylcols 99-100 are used to produce di(allyloxy-

methyl)-18-crown-6 ethers 107-109 by the reactions illustrated in Schemes 

10 and 11. The high dilution addition of ditoslyates Hfi and H I to 

di(allyloxymethyl) gylcols 22 and 100 in THF-KOH suspensions yielded 

the extremely hygroscopic di(allyloxymethyl)-18 -crown-6 ethers 107 and 

108 in 22-65% yields (Scheme 10). 

^ O . 0 ^ 

OH 

TsCl, KOH, dioxane f ^O 

C 
o o. 

O O' 

109 

Scheme 11. 

Di(allyloxymethyl)-18-crown-6 ether 109 was obtained in a 78% 

yield by inducing ring closure^^ of di(allyloxymethyl) gylcol 101 with 

p-toluenesulfonyl chloride and KOH in dioxane (Scheme 11). 

Removal of the allyl-protecting groups from di(allyloxymethyl)-

18-crown-6 ethers 107-109 by treatment with Pd-C in perchloric acid gave 

novel di(hydroxymediyl)-18-crown-6 ethers 93-95 in a 72-78% yields 

(Scheme 12). 
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The improved synthesis of di(benzyloxymethyl) gylcol 103 was 

accomplished in six steps illustrated in Scheme 13. The ketal protected diol 

112 was prepared from diethyl L-tartaric acid H i by the procedure 

developed by Carmack^^ ^nd Feit.83 Adjusting the reaction times and 

work-up procedures increased the yield of 112 from the reported 59% to 

85%. Compound 115 was realized according to a published procedure by 

subst. compd. 
2,12 1Q7 
3,8 m. 
3,5 1Q2 

70% Perchloric Acid 

10%Pd-C,EtOH-H^O 

HO 

,04 / 

OH 

5 
.6 

07 
3 

10 
12 

subst. compd. 
2,12 25 
3,8 26 
3,5 27 

Scheme 12. 

Inouye.°^ Reaction of 112 with NaH and two equivalents of benzyl 

chloride in THF gave 116 whose protecting ketal group was removed to 

give 115 in an overall 85% yield from 112. The reaction of 115 with 

t-BuOK and two equivalents of chloroacetic acid in t-BuOH gave 

2,3-bis-0-[2-carboxymethyl]-l,4-di-0-benzyl-L-threitol, which was con

verted without purification into the corresponding diethyl ester 117. This 

diester was reduced with lithium aluminum hydride in THF to produce diol 

103 in an overall yield of 43% from 113 (Schemes 13). 
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The high dilution addition of ditoslyate 110 to di(benzyloxymethyl) 

gylcol 103 in a KOH in THF suspension increased the yield of di(benzyl-

oxymethyl)-18-crown-6 ether 118 from the reported yield of 26 to 61%. 

Removal of the benzyl-protecting groups by catalylic hydrogenation gave 

di(hydroxymethyl)-18-crown-6 ether 24 in a 91%yield (Scheme 14). 

B z O s ^ KOH,IHF '̂̂ -V^O -

m r ^ o ^ 118 

10% Pd-C, EtOH 
40psiH2 

Scheme 14. 
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Crown Ethers with Pendant Arms 

Neutral Pendant Arms 

A variety of crown etiiers bearing neutral ester and amide pendant 

arms have been prepared in this work. The structures of the amide and 

ester pendent arms were varied in order to induce enhanced metal binding 

properties. ̂ ^ 
O O 
>l II 

H^^OCHfOH Hs^0CH2CCl 

(""^ ^ - ^ SOCU, benzene / ^ ^ O - ^ 
^ A ^ ^ A X 
^ o-^ " ^ o--^ 

A compd. A compd. 

a-
Scheme 15. 

a 
119 

120 

The crown etiier acid chlorides 119-120 were obtained 88-98 % 

yields by the reaction of crown ether carboxylic acids 21 and 121 with 

thionyl chloride in benzene (Scheme 15). 

The syntheses of ester 122 and amides 123-126 were accomplished in 

good to excellent yields by reactions of the appropriate alcohols and amines 
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with crown ether acid chlorides 119-120 in the presence of pyridine or 

benzene (Schemes 16 and 17). Moderate differences in selectivity were 

found between ester 122 and amide 123.^4 Ester 122 exhibited potassium 

selectivity and amide 123 showed sodium selectivity. Variation of the 

N-alkyl substituents of the crown ether amides had little effect on metal ion 

binding selectivity. 

lonizable Pendant Arms 

Carboxylic Acid Pendant Arms 

lonizable crown ethers 127-145 (Table 2) provide six structural 

series of crown carboxylic acids. Compounds 127-129 are three ring sizes 

of dibenzo crown decanoic acids in which a methyl group is attached to the 

same carbon as is the acid group-containing pendent arm. Compounds 130 

and 131 are both dibenzo-16-cro wn-5 compounds in which a methyl group 

is linked to the same carbon as an oxyacetic acid pendent arm, but 

lipophilic t-butyl groups are attached to the aromatic rings in 131. 

Compounds 132-134 are three ring sizes of dibenzo crown oxyacetic acids 

in which a phenyl group is linked to the carbon pivot. Replacement of the 

phenyl group with a decyl group results in the series of compounds 

135-137. Compounds 138-145 are ethyleneoxy crown oxyacetic acids in 

which decyl, hexadecyl, and £-(decyl)phenyl groups are linked to the 

carbon pivot. Compounds 141-143 are three ring sizes of ethyleneoxy 

crown oxyacetic acids in which a tetradecyl group is linked to the carbon 
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Table 2. 
Preparation of Substituted Crown Ether Carboxylic Acids. 
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pivot. Such systematic structural variations allowed the effects of alkyl 

and aryl substitution, ring size, and lipophilicity upon the selectivity and 

efficiency of metal ion extraction to be probed.^^ 

Lipophilic lonizable crown ethers 127-129 were synthesized in 

48-54% yields by reaction of the alkoxide from the respective crown 

edier alcohol 75, 77, and 79 with 2-bromodecanoic acid.^^ The reported 

yields are based on the recovery of starting materials, while the actual 

yields were only 10% due to the difficulty of substitution by the tertiary 

alkoxide (Scheme 18). 

iiiLm 

1) NaH, THF 

2) B1CHCO2H 

QH17 

Scheme 18. 

Cg^i: 

CH-̂ ^^OCH CO2H 

,0 0 

Compd. 

127 CH2â CH2 
m cHpifmfR2 
122 O^CHpCH^pt 

The lipophilic crown carboxylic acids 130-134 were obtained in 

54-74% yields by the reaction of the alkoxide from the respective crown 

ether alcohols 76-78. SQ, and SI with bromoacetic acid (Scheme 19). 

Crown carboxylic acids 127-129 and 132-134 formed strong 

solvates with CH2CI2. Mass spectral analysis of such solvates 
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demonstrated that the chlorocarbon was freed only upon heating at 200 ^C 

under a vacuum of 10"^ Torr. In agreement, elemental analysis of these 

compounds shows amounts of CH2CI2 even after heating at 150 ^C with 

0.1 Torr vacuum for 24 hours. These observations are consistent with the 

recently reported ability of several crown analogs to bind polar neutral 

molecules.^^ 

R l ' v . ^ O H Rlv.^^OCH2C02H 

^ O O ^ 1) NaH, THF ^ Q O ^ 

^ ^ O c/^ 2)BrCH2C02H \ ^ ^ ^ 

76-78.80.87.147 130-134. 146 

Scheme 19. 

The crown carboxylic acids 138-145 were prepared by reaction of 

the alkoxide from the respective crown ether alcohols M, M, 67-70. 

72-73. and 81-83 with methyl bromoacetate forming 65-94% yields of the 

crown methyl esters, which produced the crown carboxylic acids upon 

basic hydrolysis (Scheme 20). 

The solvent extraction results^^ for compounds 127-145 allow 

structural features to be related to metal ion complexation. The 

attachment of n-alkyl groups to the same carbon as an oxyacetic acid 

pendent arm results in enhanced loading and selectivities. These results 

may be rationalized by the conformational effect that substituents will 
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have on host preorganization using the rotational profile about bond 1 of 

compounds 127-145 (Figure 18 b). If the substituent R has a much greater 

spatial demand dian a methylene group or the acid pendant R', then the 

change from preferred conformations B and C to preorganizing A is 

predicted. 

R l v ^ O H Rlv,^OCH2C02H 

^O Os^ 1) NaH, THF ^ O O ^ 
A A ^ " A A 
^ O C(^ 2)BiCH2C02Me v, ^ 

\ J 3) NaOH, H2O V J 

64.66.67-70. 72-73. 81-R3 138-145 

Scheme 20. 

Crown ether ring size dictates the selectivity order with 14-crown-4, 

16-cro wn-5 and 19-crown-6 being selective for Li"*", Na""", and K+, 

respectively. The dibenzo crown ethers were found to be more efficient 

and selective in solvent extraction than the ethyleneoxy crowns which 

required the attachment of a hexadecyl or ii-(decyl)phenyl group to be 

retained in the organic phase during the solvent extraction experiments. 

Compounds 135. 136. and 137 exhibited the highest selectivity and 

loading for Li+, Na"̂ , and K+, respectively. 

Compound 146 is a dicyclohexano-16-crown-5 compound in which 

the oxyacetic acid pendant arm is linked to a carbon pivot. This crown 
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carboxylic acid was obtained in an 84% yield by the reaction of the 

alkoxide of crown edier alcohol 147 widi bromoacetic acid (Scheme 19). 

Compound 148 is an ediylenoxy-18-crown-6 compound in which the 

oxyacetic acid pendant arm is linked to a nitrogen pivot. This compound 

was obtained in a 63% yield by reaction of monoaza-18-crown-6 149^^ 

witii bromoacetic acid in acetonitrile (Scheme 21). 

H CHCO H 

O O ^ aCHjCO^H, K2CO3 o 

149 148 
Scheme 21. 

Crystals of l i for X-ray analysis were grown from ethanol by 

nucleation on a wire. Crystals of 134 for X-ray structural determination 

were recrystallized from ethyl acetate by solvent diffusion of hexane. The 

X-ray crystal structure^" of 136 illustrates a preorganized of conforma

tion of a cyclic cavity with an apical lonizable binding site. 

Sulfonated Crown Carboxylic Acid 

Aromatic sulfonation^^ of dibenzo crown carboxylic acids allows 

the effect of exocentric ionized groups on metal ion complexing ability to 
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be probed. High yield syntheses of crown carboxylic disulfonic acids 

150-152 were accomplished using a solution of sulfuric acid, acetic 

anhydride, acetic acid and chloroform (Scheme 22). The presence of 

acetic acid prevented sulfone formation.^ ̂  The highly water soluble 

compounds 150-152 were isolated as hydrates. Decomposition of the 

sulfonic acid groups was avoided by conversion to stable sulfonate salts. 

The stoichiometrics of the sulfonate salts, as determined by atomic 

absorption, were 2:1, 1:1, and 1:1 metal ions to crown compound for Ca, 

K, and Na, respectively. The calcium salts exhibited lower water 

solubility than did the sodium and potassium salts. Proto-desulfonation of 

compound 150 was brought about by heating in 25% aqueous HCl, while 

halo-desulfonation in bromine resulted in a tetra-brominated product. 

OCH2CO2H 

compd. R 
31 H 
12Q CH3 
153 n-C4H9 

1^4 , AcjO, AcOH 
CHCL3 

RN. ^OCH2C02H 

rS 

SO.H 

Scheme 22. 
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Crown Dicarboxylic Acids 

The synthetic route to novel 18-crown-6 dicarboxylic acids 154 and 

155 is outlined in Scheme 23. The lonizable pendant arm positions in 

compounds 154 and 155 are varied to establish whether the separation of 

pendant arms has an effect on metal ion complexation. 

HO 

ro^ 
0 

0 

subst. compd. 
2.3 94 
2.12 2S 

TsO 

TsCl, pyridine 

is'c 

r<^ 
0 

0 

subst. compd. 
2,3 
2,12 
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152 

CinH 10^21 

2)156-157 

3) NaOH,H^O 

4)H30^ 

C10 H21 

l)NaH,THF ^^2^ 

C10H21 

r<^ 

subst. compd. 
2,3 154 
2,12 155 

O.H 

Scheme 23. 
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New crown ether ditosylate intermediates 156 and 157 were realized 

in 88-91 % yields from the reaction of crown ether diols 94 and 95, 

respectively, with £-toluenesulfonyl chloride (Scheme 23). Crown ether 

dicarboxylic acids 154 and 155 were obtained from the substitution 

reactions of crown ether ditosylates l i 6 and 157. respectively, with 

methyl 5-(n-decyl)salicylate92 n58^ followed by ester hydrolysis 

(Scheme 23). The overall reaction yield of 9% for die 2,3-disubstituted 

isomer 156 was considerably lower dian the 44% overall reaction yield 

for the 2,12-disubstituted isomer 151 presumably due to the closer 

proximity of the pendant arms in die former. 

Crown Phosphonic Acids Monoediylesters 

The preparation of crown ether phosphonic acids 159-161 from 

sym-hydroxy-bis-(4(5)-t-butylbenzo)-16-crown-5 (89) was accomplished 

by use of the synthetic approaches shown in Schemes 24 and 25. The 

one-step route to monoethyl crown oxymethyl phosphonic acids 159 and 

160 is shown in Scheme 24 and proceeds by substitution of the alkoxides 

from 8 and 90, respectively, upon monoethyl iodomethyl phosphonic acid 

(162) in 43 and 80 % yields. Monoethyl iodomethyl phosphonic acid 

(162) was prepared by the reaction of diiodomethane with triethyl 

phosphonate, according to the literature method."^ 

Attempts to prepare 161 by a one-step reaction of the alkoxide from 

90 and diethyl 2-bromoethyl phosphonate""^ were unsuccessful, as was an 



55 

attempt to induce conjugate addition of the same alkoxide to diethyl 

vinylphosphonate.^^ 

0 

H^ .OH 

\ ^ ^ ^ ^ ICH2P—OEt k x ^ ^ - - / 

1) NaH, THF 

R compd i 1 ^ R compd 
Uhl 

H i H 159 
t-Butyl 2Q t-Butyl 160 

Scheme 24. 

The multistep route to 161 involved the initial preparation of the 

crown-substituted alkyl bromide 163 from the crown ether alcohol S9 by 

reaction of die Vilsmier reagent,^^ PBr3 in DMF, in a 83% yield (Scheme 

25). Subsequently, die crown ether halide was reacted with triethyl 

phosphite to form diethyl sym-bisr4(5)-tert-butvlbenzo1-l6-crown-5-

oxyethyl phosphonate in a 87% yield which produced monoediyl ester 161 

in a 94% yield upon basic hydrolysis (Scheme 25). 

As part of a larger study,^^ crown-substituted alkyl bromide 164 

was prepared from the crown ether alcohol 21 by reaction of PBr3 in 

DMF in a 96% yield (Scheme 25). Compound 164 was used in the 
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syndiesis of a homologous series of ediyl sym-bis[4(5)-t-butylbenzo]-

16-crown-5-oxyalkyl phosphonic acids in which the number of mediylene 

groups between the polyether unit and lonizable phosphonic acid was 

varied from one to four. Such systematic structural variation allowed the 

effect of the side-arm lengdi on metal ion complexation to be probed 

H.^O(CH 2) „0H H ^ CKCH 2)„Br 

0 0 PBr3,DMF 0 0 

\ ^ 

n compd. n compd. 
2 89 2 M 
3 21 3 164 

O 

H 0(CH2)nP,-0ET 

< ^ OH 

1) (EtO)3P ( ) ' " ^^^^ 3) 
^ ^ O o 

2) NaOH, H2O 
3)Hp+ 

n compd. 

2 161 

Scheme 25 

3 
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Solvent extraction selectivity orders observed for ethyl sym-bis-

[4(5)-t-butylbenzo]-16-crown-5-oxyalkyl phosphonic acids indicate that 

the metal cation is complexed within the crown rings of 160 and 161 ,but 

coordinates primarily with the monoethyl phosphonate center in 

closely-related crown phosphonic acid monoethyl esters with side-arms 

having greater than five atoms. Examination of Corey-Pauling- Kortum 

(CPK) space-filling models reveals that side-arms greater dian five atoms 

are too long to produce readily-accessible conformations in which a metal 

ion complexed within the polyether unit can simultaneously coordinate 

with the pendant ionized group. On the other hand, the CPK models 

indicate that in 161 the lonizable group may be easily oriented directly 

over the crown ether cavity accounting for the observed high sodium ion 

extraction selectivity and efficiency observed for 161. 

Crown Carboxvlate Salts 

Crown carboxylates 165 and 166 were prepared by extraction of 

sodium hydroxide solutions with a solution of crown carboxylic acids 31 

and 139. respectively in mediylene chloride. An analogous extraction of 

lidiium hydroxide solutions widi crown carboxylic acid 139 produced 

die lidiium crown carboxylate 167 (Figure 21). 

Insights into the conformational changes which take place upon 

metal ion complexation are provided by die ^H-NMR (400 Mz) spectra 

for dibenzo crown compounds 139 and 166 in the region 5 = 3.0-5.0 

(Figure 22). Forcompounas 139 and 166. geminal coupling of dia-
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compd. R M 

165 
IM 
167 

H Na 
Na 
Li 

Figure 21. Alkali Crown Carboxylates. 

4.5 4.0 3.5 4.5 4.0 3.5 

Figure 22. H-NMR Spectra (400 MHz) for (a) 139 , and(b) 166. 
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stereotropic hydrogens H^ and H^ results in AB quartets. Changes in 

die chemical shifts of H^ and Hĵ  upon complexation are shown in Table 3. 

The downfield shift of Ĥ j upon complexation may be rationalized by the 

induction of die positive-charged metal ion. The overall upfield shift of 

H^ upon complexation may be rationalized by the change from 

conformation C to A (Figure 18 b). In conformation C, H^ points into the 

deshielding polyether oxygens, producing a lower field resonance than 

when in conformation A. 

Table 3. 
Chemical Shift Data. 

Compd. A 5 

Hydrogen 139 M 

H 4.49 4.23 +0.26 
a 

H|̂  3.78 4.04 -0.26 

Crystals of 165 for X-ray analysis were grown from water by 

nucleation on a wire. Attempts to produce crystals of IM for X-ray study 

using a variety of solvent combinations were unsuccessful. The X-ray 

crystal structure^^ of 165. was found to be too complex to resolve. 

Complete demetalation of 161 as assessed by pK^ measurements,^^ 

required treatment for 100 h in acidic aqueous dioxane at 70 °C. 
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Bis-Crown Ediers 

Bis-crown ethers 168-170 were synthesized by the routes shown in 

Schemes 26-28. Trioxanonane rings of 171. whose cavity diameters are 

too small to permit insertion of any alkali metal cation, are incorporated 

into ionophore 168 in which cations can be sandwiched by both rings. The 

synthesis of hydroxymethyl 1,4,7-trioxonane (111) was accomplished in a 

61% yield by cyclization of 6-dioxa-4-(benzyloxymethyl)-l,8-octane-

diol^^ (1) followed by debenzylation (Scheme 26). 

nf r̂M^ 1) TsCl, dioxane, 
U Url 

OH 

LiOH ^ O Q 

B z O ^ ^ ^ Qjj 2)H2,40psi, 

\ / 10% Pd-C 

1 111 

Scheme 26. 

The previously unreported diacid chloride 172 was realized from 

ediyl 2-(n-hexadecyl) -2-methylmalonate (173) by mediylation under 

PTC conditions'^ to yield diester 174 followed by basic hydrolysis to 

produce diacid 175 which was converted by oxalyl chloride to diacid 

chloride 172 in an overall 86% yield from 173 (Scheme 27). 

Novel bis(crown ediers) 168,169, and 170 were obtained by die 

reactions of hydroxymethyl 9-crown-3 ( H I ) , hydroxymethyl 

12-crown-4 (116),^^^ and hydroxymediyl 14-crown-4 (177),^^^ respec-
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tively, with 2-(n-hexadecyl)-2-methylmalonyl chloride (172) in dry 

benzene and pyridine in 62-68% yields (Scheme 28). 

Hx^^Ci6H33 MeI,Na0H CH3 C16H33 O ^ ^C^e^^^ 

OEt OEt 

173 

Bu.NCl 

CH2CI2 
OEt OEt 

174 

1) NaOH 

2)H30^ 

O 

OH OH 

175 

Oxalyl 

Chloride 

Scheme 27. 

RCHpH 

compd. R 
111 9-Crown-3 

176 12-Crown-4 

179 14-Crown-4 

172 

benzene, pyridine 

CH3 C16H33 

RCH2O 0CH2R 

compd. R 
168 9-Crown-3 

169 12-Crown-4 

170 14-Crown-4 

Scheme 28. 

The cation binding abilities of new bis-crown ethers 168-170 were 

assessed by solvent extraction of aqueous solutions of metal picrates with 
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deuteriochloroform solutions of die crown ediers.^^^ Extraction 

constants and association constants for 168-170 exhibit large lithum 

selectivities over all other alkali cations. 

AcycUc Ligands 

The development of a synthetic route to bis-tropolone compounds 

would provide a new class of acyclic ligands for investigation. The 

reported propensity of 2-chlorotropolone (178) to undergo nucleophilic 

substitution^^^ was investigated as a plausible route to the acyclic ligand 

179. Synthesis of 178 was accomplished with purified thionyl chloride, 

but could not be affected with oxalyl chloride (Scheme 29). The coupling 

reaction of the disodium salt of 1,3-propanediol with 178 in either DMF 

or THF failed. 

SOCI2 

benzene 

Scheme 29. 

The dual phenolic and enolic nature of die tropolone hydroxyl group 

allowed several odier syndietic approaches to be investigated. Attempts to 

react tropolone 180 with 1,3-propandiol in the presence of ^-toluene-
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sulfonic acid and a dehydrating agent also failed as did die reaction of 

tropolone with 1,3-(ditosyloxy)propane 181 in the presence of cesium 

fluoride in acetonitrile. 

The coupling of the calcium salt of tropolone 180 in DMF with 

l,3-(ditosyloxy)propane (181) produced acyclic ligand 179 in a 63 % 

yield (Scheme 30). The sodium salt of tropolone gave a considerably 

lower yield of 179. The synthesis of the lipophilic analog 182 by a similar 

route required the preparation of ditosylate 182 which was made by 

lithium aluminium hydride reduction of ethyl 2-(n-hexadecyl)malonate 

(184) to yield diol 185 followed by tosylation to produce 183 in an 

overall 78 % yield. Reactions of the calcium and sodium salts of 

tropolone with 183 failed to yield 182 . This is mostly likely due to 

additional crowding by the lipophilic tail (Scheme 30). 

H 

OEt OEt ^™ 

184 

Ca( Tropolone)^ ^ 

DMF 

\ v . C l 6 H 3 3 
/ \ TsCl 

OH OH 

185 

pyridine 
K 
OTs OTs 

R compd. 

H 18i 
C16H33 i s i 

compd. 

H 172 
C16H33 1S2 

Scheme 30. 
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In another attempt to produce a lipophilic bis-tropolone analog, 

tropolone (180) was treated with diacid chloride 186 which resulted in the 

formation of a unidentified product. The diacid chloride 186 was obtained 

from ethyl 2-(n-hexadecyl)malonate (184) by basic hydrolysis to produce 

dicaid 187 followed by treatment with thionyl chloride (Scheme 31). 

OEt OEt 2)R0^ ^ ^^ ^^ ^̂  ^̂  
184 iSl 186 

Scheme 31. 

Experimental 

IR spectra were obtained on neat samples (unless specified 

otherwise) widi a Nicolet MX-S infrared spectrophotometer and are 

recorded in reciprocal centimeters. Ĥ NMR spectra were recorded widi 

Varian EM 360A or EM 360 spectrometers in deuteriochloroform and 

chemical shifts are reported in parts per million (5) downfield from TMS. 

Visible spectra were recorded with a Perkin-Elmer Lambda 5 UV-VIS 

spectrophotometer. GLC purity was determined on die basis of peak 

areas and was performed widi a Varian Model 3700 flame ionization gas 

chromatograph on a SE-30 capillary column. Mass spectra were obtained 

widi a Hewlett Packard 5595B GC/MS. Elemental analyses were 
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performed by Galbraith Laboratories, Inc., Knoxville, TN. Unless 

specified otherwise reagent grade reactants and solvents were obtained 

from chemical suppliers and used as received. THF was purified by 

distillation from LiAlH4 under nitrogen and DMF was freshly distilled and 

placed over molecular sieves. The reagents l,9-dihydroxy-3,7-

dioxanonanelOO (^Q), bisphenols^^ 84-86. sym-bis[2-(4(5)-t-butyl-2-

hydroxyphenoxy)ediyl] edier^^ (88). svm-hydroxydibenzo-16-crown-5^^ 

(8), glycol ditoslyates 107 and 108^^, monoediyl iodomediylphosphonic 

acid^^ (162). sym-hydroxy-bis[4(5)-t-butyl-benzo]-l 6-crown-5'79 (£0), 

sym-dibenzo-16-crown-5-oxyacetic acid^-^ (31). sym-butyl-dibenzo-

16-crown-5-oxyacetic acid^^(153). methyl 5(n-decyl)-salicylate"^ (106). 

monoaza-18-crown-6^ ̂  (149). sym-hydroxydicyclohexano-16-crown-5^" 

(147). tetrahydopyranyl-protected ethylene chlorohydrin,^^ hydroxy

methyl 12-crown-4l^^ (176). hydroxymediyl 14-crown-4l00 (177). and 

3,6-dioxa-4-(benzyloxymethyl)-l,8-octanediol^l (1) were prepared by 

literature methods. 

Hydroxycrown Ediers 

2-Methyl-2-chloromethyloxirane (48) 

A solution of Br2 (320 g, 109 mL, 2.0 mol) and KBr (140 g, 1.25 

mol) in 300 mL of water was added dropwise over 4 h to a cooled mixture 

of methylallyl chloride (53) (190 g, 202 mL, 2.1 mol) in 1 L of water. The 

reaction mixture was stirred at 20 ^C for 12 h. The organic layer was 

separated and the aqueous layer was extracted with 500 mL of Et20. The 
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combined organic layers were dried over MgS04 and distilled twice under 

vacuum to afford 391 g (98%) of l-bromo-3-chloro-2-mediyl-2-propanol 

(54) as a colorless liquid widi bp 84-86 ^C / 20 mm (see Scheme 1). 

IR (fihn, cm-1): 3470 (O-H), 3000(C-H); 1060 (C-0). 

NMR (CDCI3, 6): 4.00 (s, 4H); 1.90 (s, 3H). 

Purity by capillary GLC= 99.2%. 

Into a three-necked round bottom flask equipped with a distillation 

condenser and charged with Ca(OH)2 (90.8 g) in 360 mL of water, 

l-bromo-3-chloro-2-methyl- 2-propanol (54) (75.0 g, 0.4 mol) was added 

over one hour via a pressure-equilibrating addition funnel. The azeotropic 

mixture of epoxide and water ( bp 55-57 ^C /135 mm) which distilled as 

the addition proceeded was added to 50 mL of brine and extracted with 

Et20 (2 x 100 mL). The combined organic layers were dried (MgS04) 

and distilled to afford 29.7 g (82%) of 2-mediyl-2-chloromediyl-oxirane 

(48) as a colorless liquid widi bp 122-123 ^C ( lit.'̂ O bp 122 0C)(see 

Scheme 1). 

IR (fihn, cm-1): 2983 (C-H); 1030 (C-0). 

NMR (CDCI3, 5): 3.65 (s, 2H); 2.81 (s, 2H); 1.40 (s, 3H). 

Purity by capillary GLC= 99.2%. 

2-Substituted2-Chloromethvloxiranes: 

General Procedure 

The appropriate Grignard reagent was produced by dropwise 

addition of die alkyl or aryl halide (0.175 mol) in 25 mL of anhydrous 
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Et20 to a mixture of magnesium turnings (2.4 g, 0.175 mol) and a few 

iodine crystals in 50 mL of anhydrous Et20 under nitrogen at 0 ^C. The 

reaction mixture was allowed to warm to room temperature and sdrred 

until all of the magnesium was consumed. The Grignard reagent was 

added over 1.5 h to a solution of l,3-dichloro-2-propanone (55) (22.6 g, 

0.175 mol) in 100 mL of anhydrous Et20 under nitrogen at -60 ^C. The 

reaction mixture was stirred for 0.5 h at -60 °C, after which a solution of 

HO Ac (11.0 g) in 16 mL of anhydrous Et20 was added and the mixture 

was warmed to room temperature. Water (100 mL) and 100 mL of Et20 

were added and the Et20 layer was separated, dried (MgS04), and 

evaporated in vacuo. The residue was distilled under vacuum. The 

resultant 2-substituted 1,3-dichloro-2-propanol (0.10 mol) in 100 mL of 

MeOH and 25 mL of CH2CI2 was added dropwise to 40.0 mL of 1 N NaOH 

and the mixture was stirred under nitrogen for 24 h. Water (100 mL) was 

added, and the organic solvent was removed in vacuo. Extraction with 

CH2CI2 (100 mL), drying (MgS04), evaporation in vacuo and vacuum 

distillation gave clear oils 49-52 of sufficient purity for synthetic use (see 

Scheme 2). Analytical samples were purified by chromatography on 

deactivated silica gel widi petroleum edier (bp 30-60 °C) as eluent. 

2-Phenyl-2-chloromethyloxirane (49) 

l,3-Dichloro-2-phenyl-2-propanol was realized as a colorless oil 

(72%); (bp 80-85 ̂ C / 0.1 mm). 

IR (film, cm-1): 3537-3427 (O-H); 3098, 1606 (Ar-H); 1955, 1876, 

1801, 1728, (mono aromatic subsitution); 1068 (C-0). 
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NMR (CDCl3,6): 7.39 (s, 5H); 3.87 (s, 4H); 3.10 (br s, IH). 

Purity by capillary GLC=98.5%. 

2-Phenyl-2-chloromediyloxirane (49) was obtained as a colorless oil 

(98%); (bp 109-110 ^C / 6 mm)( ^.72 bp 109-109.5 ^C / 6.0 mm). 

IR (fihn, cm-1): 3100,1600 (Ar-H); 1249 (C-O). 

NMR (CDCI3, 6): 7.42 (s, 5H); 3.95 [q AB (J=6.3 Hz), 2H]; 3.07 [q AB 

(J=8.7 Hz), 2H]. 

Purity by capillary GLC= 98.7%. 

2-n-Decyl-2-chloromethyloxirane (50) 

l,3-Dichloro-2-n-decyl-2-propanol was obtained as a colorless oil 

(71%);(bpll5-116OC/0.9nim). 

IR (film, cm-1): 3423 (O-H); 2952 (C-H); 1073 (C-O). 

NMR (CDCl3,5): 3.31 (s, 4H); 2.24 (br s, IH); 1.5-0.8 (m, 21H). 

2-Decyl-2-chloromethyloxirane (50) was obtained as a colorless oil 

(98%); (bp 127-128 ^C /1.5 mm). 

IR (film, cm-1): 2950 (C-H); 1030 (C-0). 

NMR (CDCl3,5): 3.51 (s, 2H); 2.54 (s, 2H); 1.5-0.8 (m, 21H). 

Purity by capillary GLC= 99.5%. 

Anal, calcd. for C13H25OCI: C, 67.07; H, 10.82. Found: C, 67.48; H, 

10.94. 
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2-Hexadecyl-2-chloromethyloxirane (51) 

1,3-Dichloro-2-n-tetradecyl-2-propanol was produced as a white solid 

(61%); (bp 130-132 ^C / 0.8 mm). 

IR (film, cm-1): 3420 (O-H); 2920 (C-H); 1050 (C-O). 

NMR (CDCl3,6): 3.81 (s, 4H), 3.07 (br s, IH), 1.5-0.8 (m, 29H). 

2-Hexadecyl-2-chloromethyloxirane (51) was obtained as a colorless 

oil (97%); (bp 142-145 ^C /1.4 mm). 

IR(film, cm-1): 2959(C-H); 1030 (C-0). 

NMR (CDCl3,6): 3.71 (s, 2H), 2.84 (s, 2H), 1.5-0.8 (m, 29H). 

Purity by capillary GLC= 99.7%. 

Anal, calcd. for C17H33OCI: C, 69.86; H, 11.38. Found: C, 69.57; H, 

10.98. 

2-(£-Decylphenyl)-2-chloromethyloxirane (52) 

[£-(n-Decyl)-phenyl]-l,3-dichloro-2-propanol was syndiesized as a 

colorless oil (66%); (bp 125-126 ^C / 0.1 mm). 

IR (film, cm-1): 3540 (O-H); 3100, (Ar-H); 2960 (C-H); 1065 (C-O). 

NMR (CDCl3,6): 7.2-7.8 (m, 4H); 3.95 (s, 4H); 2.15 (t, 2H); 1.8-0.8 

(m, 19H). 

2-(p-Decylphenyl)-2-chloromediyloxirane (52) was obtained as a 

colorless oil (79%); (bp 147-148 ^C / 2.0 mm). 

IR (film, cm-1): 3107,1600 (Ar-H); 2953 (C-H); 1030 (C-0). 

NMR (CDCI3, 6): 7.1-7.7 (m, 4H); 3.89 (s, 4H); 2.95 (m, 2H); 2.17 
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(t,2H); 1.8-0.8 (m, 19H). 

Purity by capillary GLC=99.0%. 

Anal. Calcd for C19H29OCI: C, 73.88; H, 9.46. Found: C, 73.44; H, 

9.41. 

p-(Bromo)-n-decylbenzene (56) 

To a mixture of 100 mL of 3N HCl and 4-(n-decyl)aniline (57)(25.0 

g, 0.10 mol) at O ^C, a cold solution of NaN02 (7.0 g, 0.10 mol) in 15 mL 

of water was added dropwise, while the temperature was maintained at 0-5 

^C. An ice-cold 48% solution of HBF4 (55 mL) was added, followed by 

stirring for 20 min and filtering. The product was washed with 15 mL of 

ice cold 48% HBF4, 50 mL of 95% EtOH and 25 mL of Et20 to give 25.3 

g (71%) of 4-(n-decyl)-benzenediazonium tetrafluoroborate (58.) as a 

white solid with mp 83-86 °C (see Scheme 3). 

IR (KBr, cm-1): 3150 (Ar-H); 2940 (C-H); 2304 (N=N). 

NMR (CDCI3, 5): 7.21 (s, 4H); 2.20 (t, 2H); 1.8-0.8 (m, 19H). 

To a 33% solution of BrCCl3 (440 g, 2.1 mol) in 440 mL of dry 

THF, 4-(n-decyl)benzenediazonium tetrafluoroborate (58)(25.0 g, 0.075 

mol) was added along widi KOAc (15.2 g, 0.154 mol) and 18-crown-6 (1.0 

g, 0.0038 mol) and the mixture was stirred at room temperature for 3 h. 

After filtration die solution was dried (MgS04), die solvent was removed 

in vacuo, and the crude product was purified by chromatography on silica 

gel with CH2CI2 as eluent to give 14.7 g (61%) of l-bromo-4-(n-decyl)-

benzene (56) as an oil (see Scheme 3). 
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IR (KBr, cm-1): 3102, 1603 (Ar-H); 2920, 2840 (C-H). 

N M R (CDCI3, 6): 6.3-6.7 (q AB, 4H); 2.20 (t, 2H); 1.45-0.8 (m, 19H). 

Hydroxycrown Ethers: 

General Procedure A 

The appropriate metal hydride (0.05 mol) was suspended in 100 mL 

of dry THF under nitrogen. A solution of glycol (59-62)(0.02 mol) in 25 

mL of dry THF was added dropwise, followed by stirring at 40 °C for 0.5 

h, addition of 2-subsituted 2-chloromethyloxirane (48-52) (0.02 mol), 

gradually heating to reflux over 4 h, and refluxing for 20 h. The reaction 

mixture was cooled to 0 ^C, neutralized with 1:1 concn. HCl-EtOH, 

filtered and the solvents were evaporated in vacuo. The resultant oil was 

dissolved in 150 mL of water and the aqueous mixture was extracted with 

CH2CI2 (3 X 100 mL). The combined CH2CI2 extracts were washed with 

water (3 x 100 mL), dried (MgS04), and evaporated in vacuo to give the 

crude product which was purified by chromatography on two alumina 

columns with CH2Cl2-MeOH (25:1) as eluent to give the product as a 

yellow oil (12 and 63-74)(see Scheme 4 and Table 1). 

sym-(Hvdroxv)(methvl)-13-crown-4 (62) 

This compound was obtained in a 26% yield as a yellow oil. 

IR (deposit, cm-1): 3406 (O-H); 2901 (C-H); 1111 (C-0). 

NMR (CDCI3, 6): 4.2 (br s, IH), 3.56 (s, 16H), 1.05 (s, 3H). 

Purity by capillary GLC= 99.0%. 
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M.S.: 220.3 (M+). 

Anal, calcd. for CioH2o05-0.6 CH2CI2: C,46.86; H,7.87. Found: 

C,46.77;H,8.01. 

sym-(n-Decyl)(hydroxy)-13-crown-4 (64) 

A 48% yield of the compound as a yellow oil was realized. 

IR (deposit, cm-l):3445 (O-H); 2928 (C-H); 1115 (C-O). 

NMR (CDCI3, 6): 3.60 (s, 16H); 1.35-0.8 (m, 21H). 

M.S.: 346.5 (M+). 

Anal, calcd. for Ci9H3g05-H20: C, 62.60; H, 10.80. Found: C, 62.36; 

H, 11.06. 

sym-(Hydroxy)(phenyl)-13-crown-4 (65) 

This compound was obtained in a 48% yield as a yellow oil. 

IR (deposit, cm"!): 3400 (O-H); 3100 (Ar-H); 1110 (C-O). 

NMR (CDCI3, 6): 7.3 (s, 5H); 3.41-4.24 (m, 16H); 2.8 (br s, IH). 

Purity by capillary GLC= 99.0%. 

M.S.: 282.3 (M+). 

Anal, calcd. for Ci5H22O5'0.15 CH2CI2: C, 61.66; H, 7.61. Found: C, 

61.44; H, 7.88. 
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sym-(n-Tetradecyl)(hydroxy)-14-crown-4 (£6) 

A 52% yield of a yellow oil was produced. 

IR (deposit, cm'l): 3421 (O-H); 2950 (C-H); 1120 (C-0). 

NMR (CDCI3, 5): 3.63 (s, 16H); 2.35 (m, 2H); 1.3-0.8 (m, 29H). 

M.S.: 416.4 (M+). 

Anal, calcd. for C24H48O5-0.25CH2C12: C, 68.57; H, 11.16. Found: 

C, 68.71; H, 10.84. 

sym-(Hydroxy)(mediyl)-16-crown-5 (12) 

This compound was obtained in a 67% yield as a yellow oil. 

IR (deposit, cm'l): 3400 (O-H); 2940 (C-H); 1110 (C-O). 

NMR (CDCI3, 5): 4.2 (br s, IH); 3.31-3.62 (m, 20H); 1.12 (s, 3H). 

Purity by capillary GLC= 99.9%. 

M.S.: 264.3 (M+). 

sym-(n-Decvl)(hvdroxv)-16-crown-5 (67) 

A 74% yield of a yellow oil was reahzed. 

IR (deposit, cm-1): 3445 (O-H); 2932 (C-H); 1120 (C-0). 

NMR (CDCI3, 6): 3.60 (s, 20H); 1.35-0.8 (m, 21H). 

M.S.: 390.5 (M+). 

Anal, calcd. for C21H42O6: C, 64.58; H, 10.84. Found: C, 64.37; H, 

10.62. 
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sym-(n-Tetradecyl)(hydroxy)-l 6-crown-5 (68) 

Using die general procedure, die compound was obtained in a 71% 

yield as a yellow oil. 

IR (deposit, cm'l): 3421 (O-H); 2959 (C-H); 1120 (C-0). 

N M R (CDCI3,5): 3.82 (br s, IH); 3.63 (s, 20H); 1.4-0.8 (m, 29H). 

M.S.: 446.4 (M+). 

Anal, calcd. for C25H50O6: C, 67.23 H, 11.28 Found: C, 67.50; H, 

11.10. 

sym-(Hydroxy) (phenyl)-16-cro wn-5 (69) 

A 59 % yield of the desired compound was realized as a yellow oil. 

IR (deposit, cm'l): 3440 (O-H); 3100, 1604 (Ar-H); 1110 (C-O). 

NMR (CDCI3, 6): 7.12-7.56 (m, 5H), 3.57 (s, 20H), 3.2 (br s, IH); 

Purity by capillary GLC= 99.6%. 

M.S.: 326.3 (M+). 

Anal, calcd. for C17H26O6: C, 62.56; H, 8.03. Found: C, 62.22; H, 

7.61. 

svm-(Hvdroxv) [^-(n-decyl)pheny 1] -16-cro wn-5 (70) 

This compound was produced in a 63 % yield as a yellow oil. 

IR (deposit, cm-l):3450 (O-H); 3105 (Ar-H); 2964 (C-H); 1110 (C-O). 

NMR (CDCI3, 6): 7.21 (m, 4H); 4.00 (br s, IH); 3.62 (s, 20H); 2.14 (t, 

3H); 1.4-0.8 (m, 19H). 

Anal, calcd. forC27H4606: C,70.40;H, 10.07. Found:C,70.37;H,10.41. 
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sym-(Hydroxy)(mediyl)-19-crown-6 (71) 

A 67 % yield of a yellow oil was obtained. 

IR (deposit, cm"!): 3400 (O-H); 2945 (C-H); 1110 (C-0). 

NMR (CDCI3,5): 4.2 (br s, IH); 3.41-3.62 (m, 24H); 1.20 (s, 3H). 

Purity by capillary GLC= 98.7%. 

Anal, calcd. forC2iH4206: C,54.53; H,9.15. Found: C,54.96; H, 9.21. 

sym-(n-Decyl)(hydroxy)-19-crown-6 (72) 

This compound was prepared in a 51% yield as a yellow oil. 

IR (deposit, cm'l): 3443 (O-H); 2930, 2853 (C-H); 1120 (C-0). 

NMR (CDCI3, 6): 3.60 (s, 24 H); 1.4-0.8 (m, 21 H). 

M.S.: 434.5 (M+). 

Anal, calcd. for C23H46O7: C,64.25;H,10.67.Found:C,63.94; H,10.92. 

sym-(n-Tetradecyl)(hydroxy)-19-crown-6 (73) 

A 55% yield of the desired compound was obtained as a yellow oil. 

IR (deposit, cm'^): 3400 (O-H); 2955, 2860 (C-H); 1120 (C-O). 

NMR (CDCI3, 6): 3.91 (br s, IH); 3.60 (s, 24H); 1.35-0.8 (m, 29H). 

M.S.: 490.4 (M+). 

Anal, calcd. for C27H54O7-2.0H2O: C, 61.56; H,l 1.10. Found:C, 

61.23; H,10.82. 
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sym-(Hydroxy)(phenyl)-19-crown-6 (74) 

The desired compound was realized m a 31 % yield as a yellow oil. 

IR (deposit, cm"!): 3400 (O-H); 3105,1600 (Ar-H); 1110 (C-O). 

NMR (CDCI3, 6): 7.16-7.60 (m, 5H); 4.2 (br s, IH); 3.57 (s, 24H). 

M.S.: 370.4 (M+). 

Anal, calcd. for Ci9H3o07-0.3CH2Cl2: C,58.55; H,7.79. Found: 

C,58.58; H, 7.73. 

General Procedure B 

A mixture of the appropriate metal hydroxide (1.2 mol) and 

bisphenol (84-86) (0.6 mol) in 1400 mL of water was heated at 90 ^C 

under nitrogen until a solution formed. The solution was cooled to 50 °C 

and a 2-subsituted 2-chloromethyloxirane (48 or 49) (0.6 mol) was added 

over 3 h followed by additional stirring for 10 h. Additional metal 

hydroxide (0.6 mol) was added in one portion and another portion of the 

2-subsituted 2-chloromethyloxirane (48 or 49) (0.3 mol) was added over 3 

h followed by stirring for 10 h . This sequence was repeated. The product 

was filtered and purified by chromatography on a short silica gel column 

with CH2CI2 as eluent to give a white solid (75-80) (see Scheme 5 and 

Table 1). 

sym-(Hydroxy)(methyl)-dibenzo-14-crown-4 (75) 

This compound was realized in a 52 % yield as a white solid with a mp 

142.5-143 OC. 
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IR (KBr, cm-1): 3489 (O-H); 3100 (Ar-H); 2950 (C-H); 1120 (C-0). 

N M R (CDCI3,5): 6.87 (s, 8H); 4.34-3.80 (m, 8H); 3.67 (br s, IH); 

2.47(m,2H);1.35(s,3H). 

Anal, calcd. for C19H22O5: C,69.07; H,6.71. Found: C,68.79; H, 6.70. 

sym-(Hydroxy)(phenyl)-dibenzo-14-crown-4 (76) 

A 52 % yield of the compound was obtained with a mp 72-74 ^C. 

IR (KBr, cm"l): 3440 (O-H), 3100, 3095 (Ar-H); 1250, 1132 (C-O). 

NMR (CDCI3, 5): 8.00-7.55 (m, 5H); 7.15 (s, 8H), 4.77 (s, 2H); 

4.65-4.34 (m, 6H); 2.51 (m, 2H). 

M.S.: 392.4 (M+). 

Anal, calcd. for C24H24O5-0.75 H2O: C,71.01; H,6.37. Found: C, 

71.23; H,6.33. 

sym-(Hydroxv)(methvl)-dibenzo-16-cro wn-5 (77) 

A 63 % yield of a white solid with a mp 109-110 ^C was realized. 

IR (KBr, cm-1): 3400 (O-H); 3103 (Ar-H); 2950 (C-H); 1120 (C-O), 

NMR (CDCI3, 6): 6.95 (s, 8H); 4.15-3.65 (m, 12H); 1.41 (s, 3H). 

Anal, calcd. for C20H24O6: C,66.65; H,6.71. Found: C,66.44; H,6.75. 

sym-(Hy droxy )(phenyl)-dibenzo-16-cro wn-5 (78) 

The compound was produced in a 77 % yield with a mp 37.5-40 °C. 

IR (KBr, cm-1): 3400 (O-H), 3104, 3098(Ar-H); 2954 (C-H); 1250, 
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1120 (C-O). 

NMR (CDCI3, 5): 8.00-7.25(m, 5H); 6.95(s, 8H); 4.50(s, 2H); 4.32-

3.65 (m, lOH). 

M.S.: 422.3 (M+). 

Anal, calcd. for C25H26O6: C, 71.08 H,6.20. Found: C, 70.09; H, 6.21. 

sym-(Hydroxy)(methyl)-dibenzo-19-crown-6 (79) 

A 38 % yield of the compound was realized with a mp 52.5-53.5 ^C. 

IR (KBr, cm-1): 3335 (O-H); 3101 (Ar-H); 2957 (C-H);1125 (C-O). 

NMR (CDCI3, 5): 6.93 (s, 8H); 4.21-3.55 (m, 16H); 3.37 ( br s, IH); 

1.40 (s,3H). 

Anal, calcd. for C22H2807'H20. C, 62.55; H, 7.15. Found:C, 62.63; 

H, 7.04. 

sym-(Hydroxy)(phenyl)-dibenzo-19-crown-6 (80) 

The compound was produced in a 79 % yield with a mp 25-28 °C. 

IR (KBr, cm-1): 3400 (O-H); 3101,3096 (Ar-H); 2956 (C-H); 

1250,1132(0-0). 

NMR (CDCI3, 5): 7.84-7.12(m, 5H); 6.95(s, 8H); 4.42(s, 2H); 4.30-

3.47(m, 14H). 

M. S.: 466.4 (M+). 

Anal. Calcd for C27H30O7: C,69.51; H,6.48. Found: C,69.28; H,6.43. 
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General Procedure C 

To a suspension of the appropriate metal hydride (16 mmol) in 100 mL 

of dry THF:DMF (1:1), bisphenol (84-86) (8.0 mmol) was added, and die 

mixture was stirred at room temperature under nitrogen for 0.5 h. The 

resultant solution was heated to 50 ^C and 2-n-decyl-2-chloromethyl-

oxirane (5Q) (8.0 mmol) was added during 3 h, followed by refluxing for 5 

h. Subsequent addition of die metal hydride (8.0 mmol) in one portion and 

50 (4.0 mmol) over 3 h, followed by refluxing for 5h was repeated twice. 

The reaction mixture was refluxed for 20 h, cooled to 0 ^C, neutralized 

with a solution of cone. HCl-EtOH (1:1), and filtered. The solvents were 

evaporated in vacuo and the resultant oil was dissolved in CH2CI2 (50 mL) 

and washed with water (50 mL). The CH2CI2 layer was dried (MgS04) 

and evaporated in vacuo to give the crude product (81-83) which was 

purified by chromatography on two silica gel columns with CH2CI2 as 

eluent (see Scheme 5 and Table 1). 

sym-(n-Decyl)(hydroxv)-dibenzo-14-crown-4 (81) 

A 45 % yield of this compound was obtained as a white solid with a mp 

71.5-72 OQ 

IR (KBr, cm-1): 3460 (O-H); 3105 (Ar-H); 2950 (C-H); 1120 (C-0). 

N M R (CDCI3, 5): 6.90 (s, 8H); 4.54-3.80 (m, 8H); 3.45 ( br s, IH); 

2.45 (m, 2H); 1.5-0.8 (m, 21 H). 

M.S.: 456.3 (M+). 

Anal, calcd. for C28H4o05-H20: C, 70.87;H, 8.88. Found: C, 70.53; 

H, o.5o. 
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sym-(n-Decyl)(hydroxy)-dibenzo-l 6-cro wn-5 (82) 

This compound was produced in a 78 % yield as a white solid widi a mp 

82-83 OC. 

IR (KBr, cm-1): 3450 (O-H); 3100 (Ar-H); 2963 (C-H); 1120 (C-O). 

NMR (CDCI3, 6): 6.95 (s, 8H), 4.37-3.72 (m, 12H), 3.2 (s, IH), 1.5-

0.8 (s, 21H). 

M.S.: 486.5 (M+). 

Anal, calcd. for C29H42O6-0.5 H2O: C, 70.28; H, 8.73. Found: C, 

70.54; H, 8.29. 

sym-(n-Decyl)(hydroxy)-dibenzo-19-crown-6 (83) 

A 50 % yield of a colorless oil was obtained. 

IR (KBr, cm-1): 3431 (O-H); 3107 (Ar-H); 2965 (C-H); 1120 (C-O). 

NMR (CDCI3, 5): 6.95 (s, 8H); 4.51-3.50 (m, 16H); 3.30 (br s, IH); 

1.5-0.8 (s,21H). 

M.S.: 530.4 (M+). 

Anal, calcd. for C3iH46O7-0.5 H2O: C, 69.00; H, 8.78. Found: C, 

69.22; H, 9.03. 

sym-(Hydroxy)(methyl)-bis-r4(5)-t-butylbenzo116-crown-5 (87) 

Under nitrogen, 1.0 g (25.0 mmol) of NaH (60% dispersion in 

mineral oil) was washed with dry pentane to remove the protecting oil and 

was suspended in 100 mL of dry THF. To the stirred mixture, 88 (5.0 g, 

12.5 mmol) was added and the mixture was stirred for 1 h. A solution of 
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2-methyl-2-chloromethyloxirane (48) (1.37 g, 12.5 mmol) in 25 mL of 

dry THF was added dropwise followed by stirring at 40 ^C for 2 h and 

refluxing for 20 h. Water (150 mL) was added to die cooled reaction 

mixture, die THF was removed in vacuo, and die resultant basic mixture 

was extracted widi CH2CI2 (3 x 100 mL). The combined CH2CI2 extracts 

were washed widi H2O, dried (MgS04), ^ ^ evaporated in vacuo to give 

die crude product which was purified by chromatography on silica gel with 

CH2CI2 and Et20 as eluents to give 3.7 g (64 %) of 87 as a yellow oil (see 

Scheme 6 and Table 1). 

IR (KBr, cm-1): 3383 (O-H); 3106 (Ar-H); 2967 (C-H); 1120 (C-O). 

NMR (CDCI3, 5): 7.21-6.82 (s, 6H); 4.78 (br s, IH); 4.23-3.52 (m, 

12H); 1.4-0.8 (m,21H). 

M.S.: 472.4 (M+). 

Anal, calcd. for C28H40O6: C,71.16; H,8.53. Found: C,70.91; H,8.53. 

2-rsym-Bisr4(5)-t-butylbenzo116-crown-5-oxy1-ethanol (88) 

Under nitrogen, 0.40 g (9.8 mmol) of NaH (60% mineral oil 

dispersion) was washed with dry pentane to remove the mineral oil and was 

suspended in 200 mL of dry THF. To the stirred mixture, 3.0 g (6.4 

mmol) of sym-hy droxy-bis(4(5)-t-butyl- benzo)-16-cro wn-5 (90) was 

added. After stirring for 1 h, a solution of 1.0 g (6.54 mmol) of 

tetrahydropyranyl-protected ethylene chlorohydrin^° in 25 mL of THF 

was added and the mixture was refluxed for 24 h. To the cooled reaction 

mixture, 100 mL of H2O was added dropwise and the THF was removed in 

vacuo. Extraction of the residual aqueous layer with CH2CI2 (3 x 50 mL), 
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drying over MgS04 ^^^ evaporation gave an oil which was purified by 

chromatography on silica gel with Et20 as the eluent to give a 66% yield of 

the tetrahydropyranyl ether of 2-rsym-bis-(4(5)-t-butylbenzo)-16-

crown-5-oxy]-ethanol (88.). The protecting group was removed by 

stirring widi 100 mL of a 10% HCl in MeOH solution for 12 h under 

nitrogen. Following neutralization by addition of 10% aqueous K2CO3 , 

the methanol was removed in vacuo. Extraction of the resultant aqueous 

phase with CH2CI2 (2 X 100 mL), drying over MgS04 and evaporation 

gave a oil which was purified by chromatography on alumina with CH2CI2 

as the eluent. A 96% yield of extremely hygroscopic 2-rsym-bis-

[4(5)-t-butylbenzo]-16-crown-5-oxy-]-ethanol (8.8) was obtained as a white 

solid with mp 67-68°C (see Scheme 7). 

IR (fihn, cm-1 ); 3420 (O-H); 2967 (C-H); 1602 (Ar-H); 1122 (C-O). 

NMR (CDCI3, 5): 1.27 (m, 18H); 3.05 (bs, IH); 3.45-4.23 (m, 17H); 

6.85-7.12 (m, 6H). 

M. S.: 502.7 (M+). 

Anal, calcd. for C29H4207-1.15 CH2CI2: C, 60.32; H, 7.43. Found: C, 

60.38; H, 7.30. 

svm-Allvloxv-bisr4(5)-t-butvlbenzon 6-crown-5 (93) 

Under nitrogen, 0.154 g (3.85 mmol) of NaH (60% mineral oil 

dispersion) was washed widi dry pentane to remove die mineral oil and was 

suspended in 22 mL of dry THF. To die stirred mixture, 1.60 g (3.5 

mmol) of sym-hvdroxv-bis(4(5)-t- butylbenzo)-16-crown-5 (90) was 

added and after 1 h a solution of 0.54 g (7.0 mmol) of allyl bromide in THF 
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(25 mL) was added dropwise. The reaction mixture was stirred at room 

temperature for 6 h and filtered. Water (8.0 mL) was added and the 

solution was evaporated in vacuo to give an oil which was purified by 

column chromatography on alumina widi CH2CI2 as die eluent to give 

1.3Ig (75 % yield) of 93 as a colorless oil (see Scheme 8). 

IR(film,cm-l): 3074, 1647, 1587 (C=C); 2947 (C-H); 1122 (C-O). 

NMR (CDCI3, 5): 0.92-1.54 (m, 18H); 3.55-4.49 (m, 15H); 5.1-6.15 

(m, 3H); 6.52-7.14 (m, 6H). 

Anal, calcd. for C30H42O6: C,72.26; H,8.49. Found: C,72.33; H,8.52. 

3-rsym-Bisr4(5)-t-butylbenzo1l6-crown-5-oxy1-l-propanol (91) 

sym-Allyloxy-bis-[4(5)-t-butylbenzo]-16-crown-5 (93), (1.21g, 2.4 

mmol) was added to a mixture of 0.10 g NaBH4 in 20 mL dry of THF and 

0.3 mL of BF3-Et20 was added at 20-25^C. The mixture was stirred at 

room temperature for 2 h and dien 0.2 mL of H2O followed by 1.0 mL of 

3N NaOH was added. During slow addition of 1.2 ml of 30% H2O2, die 

reaction temperature was allowed to rise to 35^C. After the solution was 

stirred at 40°C for 0.5 h, it was evaporated in vacuo and the residue was 

purified by chromatography on alumina with CH2CI2 as eluent to give 

1.22 g (97%) of 9 as a colorless oil (see Scheme 8). 

IR (film, cm-1 ): 3074,1647, 1587 (C=C); 2987 (C-H); 1122 (C-0). 

NMR (CDCI3, 5): 0.92-1.54 (m, 18H); 1.9 (m, 2H); 3.33 (bs, IH); 

3.55-4.42 (m,17H); 6.72- 7.14 (m, 6H). 

M. S.: 516.8 (M+). 
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Anal, calcd. for C3oH4407-0.5H20: C, 68.66; H, 8.47. Found: C, 

68.55; H, 8.63. 

Dihydroxycrown Ethers 

Di(allyloxvmethyl) gylcols: 

General Procedure 

Under nitrogen, 8.0 g ( 0.2 mol) of NaH (60% mineral oil 

dispersion) was washed with dry pentane to remove the mineral oil and was 

suspended in 150 mL of dry THF. To the stirred mixture, a solution of 

ediylene glycol (59, 6L 62,104 and 105) ( 0.1 mol) in THF (50 mL) was 

added dropwise. After stirring for 1 h , the mixture was heated to 60 ^ C 

and a solution of 28.0 g (0.2 mol) of allyl glycidyl edier (106) in THF (50 

mL) was added dropwise. The reaction mixture was refluxed for 24 h, 

evaporated in vacuo, and the residue was dissolved in 150 mL of H2O. A 

5% H2SO4-H2O solution was added until the pH=7, followed by 

extraction with CH2CI2 (2 x 100 mL), drying over MgS04, and 

evaporation in vacuo to give an oil which was purified by vacuum 

distillation to give as a coloriess oil (98-102)(see Scheme 9). 

NOTE: Excessive heating during vacuum distillation promoted 

polymerization. 
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2,9-Di(allyloxymediy 1)-1,4,7,10-tetraoxodecane (98) 

A 60% yield of a yellow oil widi bp 130-136 ^C / 2 x 10"^ mm was 

obtained. 

IR (deposit, cm'l): 3461 (O-H); 2952 (C-H); 1646 (C=C); 1120 (C-O). 

NMR (CDCI3,5): 6.28-4.98 (m, 6H); 4.09-3.25 (m, 18H). 

M.S.: 291.30 (M-H+). 

Anal, calcd. for C14H26O6: C,57.91; H,9.01. Found:C,57.58; H,8.93. 

2,12-Di(allyloxymediyl) -1,4,7,10,13-pentaoxotridecane (99) 

A yellow oil was isolated widi bp 150-151 ^C / 2 x 10"^ mm in a 58 % 

yield. 

IR (deposit, cm'l): 3465 (O-H); 2953 (C-H); 1645 (C=C); 1120 (C-O). 

N M R (CDCI3, 5): 6.30-5.0 (m, 6H); 4.15-3.25 (m, 22H). 

M.S.: 335.35 (M-H+). 

Anal, calcd. for Ci6H3o07-0.25 H2O: C, 56.70; H, 9.07. Found: C, 

56.66; H,8.95. 

2,15-Di(allyloxymediy 1) -1,4,7,10,13,16-hexaoxohexadecane (100) 

A 52.4% yield of a yellow oil widi bp 167-170 ^C / 2 x 10'^ mm was 

realized. 

IR (deposit, cm'l): 3465 (O-H); 2950 (C-H); 1644 (C=C); 1120 (C-O). 

N M R (CDCI3, 6): 6.30-4.95 (m, 6H); 4.10-3.15 (m, 26H). 

M.S.: 379.30 (M-H+). 

Anal, calcd. for C18H34O3: C,57.13; H,9.06. Found: C,56.97; H, 8.73. 



86 

2,18-Di(allyloxymethyl)-1,4,7,10,13,16,19-heptaoxononadecane (101) 

A yellow oil, (bp 187-190 ^C / 2 x 10"^ mm) was obtained in a 60 % 

yield. 

IR (deposit, cm'l): 3465 (O-H); 2955 (C-H); 1645 (C=C); 1120 (C-O). 

NMR (CDCI3, 5): 6.20-4.95 (m, 6H); 4.15-3.05 (m, 30H). 

M.S.: 422.40 (M+); 423.30 (M-H+). 

Anal, calcd. for C2oH3309-H20: C, 54.53; H, 9.15. Found: C, 54.61; 

H, 9.04. 

2,21 -Di(allyloxymediy 1)-1,4,7,10,13,16,19,22-octaoxodoeicocane (102) 

A yellow oil was produced in a 81% yield with bp 205-209 ^C / 2 x 

10"^ mm. 

IR (deposit, cm"!): 3470 (O-H); 2962 (C-H); 1650 (C=C); 1121 (C-O). 

NMR (CDCI3, 5): 6.20-4.95 (m, 6H); 4.10-3.25 (m, 34H). 

M.S.: 467.55 (M-H+). 

Anal, calcd. for C22H420io-H20:C,56.08; H, 8.83. Found: C, 56.09; 

H, 9.09. 

Di(allvloxvmethvl) Crown Ediers: 

General Procedure 

Under nitrogen, 4.0 g ( 71.5 mmol) of powdered KOH was 

suspended in 200 mL of dry THF. To die stirred mixture, a solution of 

di(allyloxymediyl) glycol (99-100)(32.0 mmol) in THF (50 mL) was 
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added, and after 1 h, the mixture was heated to reflux and a solution of 

ediylene glycol ditoslylate (1Q7-1Q8)(36.5 mmol) in dry THF (50 mL) was 

added over 10 h. The reaction mixture was refluxed for 48 h , cooled with 

an ice-salt bath, and 200 mL of CHCI3 was added. The resultant salt was 

filtered, the filtrate was dried (MgS04) and evaporated in vacuo to give an 

oil which was purified by chromatography on two alumina columns with 

EtOAc as eluent to give a colorless oil (107-108)(see Scheme 10). 

2,12-Di(allyloxymediyl)-18-crown-6 (107) 

The title compound was obtained in a 65% yield as a colorless oil. 

IR (deposit, cm"!): 2800 (C-H); 1631 (C=C); 1115 (C-O). 

NMR (CDCI3, 6): 6.50-4.85 (m, 6H); 4.10-3.15 (m, 30H). 

M.S.: 404.3 (M+). 

Anal, calcd. for C20H36O8: C,59.39; H,8.97. Found: C,9.58; H, 9.01. 

3,8-Di(allyloxymediyl)-l 8-crown-6 (1Q8) 

A 22 % yield of a colorless oil was realized. 

IR (deposit, cm-1): 3400 (O-H); 2840(C-H); 1640 (C=C); 1100 (C-O). 

N M R (CDCI3, 5): 6.34-4.90 (m, 6H); 4.15-3.20 (m, 36H). 

M.S.: 404.35 (M+). 

Anal, calcd. for C20H36O8*3.0H2O:C,52.40; H, 9.23. Found: C, 

52.87; H,8.88. 
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3,5-Di(allyloxymediyl)-l8-crown-6 (109) 

Under nitrogen, 2.8 g ( 0.05 mol) of powdered KOH was suspended 

in 200 mL of dry THF at 70 °C. To the stirred mixture, a solution of 

2,18-di(allyloxymediy 1)-1,4,7,10,13,16,19-heptoxononadecane (101) (5.3 

g, 12.6 mmol) and ^-toluenesulfonyl chloride (2.6 g, 12.6 mmol) in of dry 

THF (100 mL) was added over 10 h, and the mixture was heated at 70 ^C 

for 36 h. After cooling with an ice-salt bath, the precipitate was filtered 

and the filtrate evaporated in vacuo to give an oil which was purified by 

chromatography on two silica gel columns with EtOAc as eluent to give 

109 as a hygrosopic colorless oil (78 %yield)(see Scheme 11). 

IR (deposit, cm'^): 3400 (O-H); 2843 (C-H); 1633 (C=C); 1110 (C-O). 

NMR (CDCI3, 5): 6.30-4.75 (m, 6H); 4.15-3.40 (m, 35H). 

M.S.: 404.50 (M+). 

Anal, calcd. for C2oH3608-2.5 H2O: C, 53.44; H, 9.04. Found: C, 

53.65; H, 8.59. 

Di(hvdroxvmethvl) Crown Ethers: 

General Procedure 

Di(allyloxymediyl)18-crown-6 ediers (107-109) ( 7.0 g, 17.2 mmol) 

were added to 70% perchloric acid (0.50 mL) and 10% Pd-C (1.0 g ) in 25 

mL of EtOH-H20 (1:1). The reaction mixture was heated to 80 ^ C for 24 

h , cooled widi an ice-salt badi, and 15% NaOH was added until pH=7. The 

reaction mixture was filtered and die solvent was evaporated in vacuo to 

give an oil which was purified by chromatography on a silica gel column 

widi CHCI3 as eluent to give a coloriess oil (95-97)(see Scheme 12). 
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NOTE: Pyrolysis during GC-MS analysis promoted polymerization of 

these compounds. 

3,5-Di(hydroxymediyl)18-crown-6 (95) 

The compound was obtained in a 72% yield as a yellow oil. 

IR (deposit, cm'l): 3450 (O-H); 2847 (C-H); 1110 (C-0). 

NMR (CDCI3, 6): 4.35-3.60 (m, 28H). 

M.S.: 343.25 (M-H+). 

Anal, calcd. for C23H4607-H20: C, 49.14; H, 8.85. Found: C, 49.52; 

H, 8.65. 

3,8-Di(hydroxymediyl) 18-crown-6 (96) 

A 75% yield of a yellow oil was reaUzed. 

IR (deposit, cm"!): 3450 (O-H); 2851 (C-H); 1110 (C-O). 

NMR (CDCI3, 5): 4.35-3.60 (m, 28H). 

Anal, calcd. for C14H28O8: C, 51.90; H, 8.70. Found: C, 52.39 ; H, 

8.44. 

2,12-Di(hydroxymediy 1) 18-crown-6 (97) 

The tide compound was isolated in a 78% yield as a yellow oil. 

IR (deposit, cm-1): 3420 (O-H); 2861 (C-H); 1125 (C-0). 

NMR (CDCI3,6): 4.35-3.60 (m, 28H). 

M.S.: 343.25 (M-H+). 
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Anal, calcd. for Ci4H2808-CH2Cl2: C, 44.02; H, 7.40. Found: C, 

44.48 ;H, 7.61. 

The following syndieses of 112-103 were performed according the 

literature^l'S^, 83 mediods widi modifications as noted. 

Diedivl 2.3-O-IisQpropvlidene-L-tartrate (114) 

To a solution of diediyl L-tartrate (113) (122.03 g, 1.0 mol) in 175 

mL of acetone and 300 mL of petroleum edier (bp 30-60 ^C), 0.25 mL of 

cone. H2S04was added and die solution was refluxed for 15 days with a 

Dean-Stark trap collecting die water formed as a binary azeotrope. The 

solvent was removed in vacuo to give a dark oil which was purified by two 

distillations to give 129.2 g (89% yield) of 114 as a clear oil with bp 

109-111 OC/ 1.6mm(lit.82bp 150 ^C/19 mm)(see Scheme 13). 

NOTE: Increasing the reaction time from that in die literature,̂ ^ 

enhanced the yield from a reported 74.5 % to 89%. 

IR(deposit, cm'l): 2952 (C-H); 1746 (C=0); 1110 (C-0). 

NMR (CDCI3, 5): 4.40 (s, 2H); 3.93 (q, 4H); 1.41 (s, 6H); 1.21 (t, 6H). 

2.3-O-Isopropylidene-L-threitol (112) 

A solution of diethyl 2,3-0- isopropylidene-L-tartrate (114)(93.0 g, 

0.378 mol) in 600 mL of dry THF was added dropwise to 37.8 g (0.96 mol) 

of LiAlH4 in 750 mL of dry THF under nitrogen in a 2 L flask equipped 

with a mechanical stirrer and the reaction mixture was refluxed for 4 h. 
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The reaction mixture was cooled widi an ice-water badi and 45 mL of H2O 

in 225 mL of THF were slowly added. The mixture was stirred for 15 min 

and 45 mL of 15% NaOH was added followed by 15 min of stirring and 

anodier 225 mL of H2O. The resultant salts were filtered and refluxed in 

THF overnight. The combined THF filtrates were evaporated in vacuo and 

die residue was dissolved in 300 mL of anhydrous Et20. The solution was 

dried (MgS04) and the solvent was removed in vacuo to give a crude oil 

which was purified by distillation to give 58.8 g (96% yield) of 112 as a 

clear oil widi bp 94-96 ^C / 0.5 mm, (lit.̂ ^ bp 96-96.5 ^C / 0.5 mm)(see 

Scheme 13). 

NOTE: The variation of reaction conditions from that reported in the 

literature^^ increased yield from the listed 79% to 96%. 

IR(deposit, cm'l): 3420 (O-H); 2902 (C-H); 1050 (C-O). 

NMR (CDCI3, 5): 4.25- 3.40 (s, 8H); 1.50 (s, 6H). 

1.4-Di-Q-benzyl-2.3-0-isopropylidene-L-threitol (116) 

A solution of 2,3-0-isopropylidene-L-direitol (112). (60.0 g, 0.368 

mol) in 100 mL of dry THF was added dropwise to 25.0 g (2.25 equiv.) of 

NaH (60% dispersion in mineral oil washed three times with dry pentane) 

in 300 mL of dry THF under nitrogen. After stirring at room temperature 

for 2 h, a solution of 138.4 g (0.806 mol, 2.25 eq) of benzyl bromide in 

100 mL of dry THF was added dropwise followed by stirring for 12 h and 

refluxing for 5 h. The reaction mixture was cooled in an ice bath and 50 

mL of ice water was slowly added. The aqueous THF was removed in 

vacuo and the excess benzyl bromide was removed by vacuum distillation. 
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The residue was dissolved in 300 mL of benzene and die solution was dried 

over MgS04. The solvent was removed in vacuo to give a crude oil which 

was purified by column chromatography on alumina widi pet. edier 

(bp=30-60 0C)-Et20 (17:3) as die eluent to give 110.9 g (88 % yield) of 

116 as a clear oil widi bp 173-175 ^C (see Scheme 13). 

NOTE: The variation was in die of work-up conditions.^ ̂  

IR(deposit, cm'l): 3090, 3064, 3024 ,1602 (Ar-H); 1103 (C-0), 727, 

696 (Ar-C). 

NMR (CDCI3, 6): 7.26 (s, lOH); 4.5 (s, 4H); 4.05 (t, 2H); 3.6 (d, 4H); 

1.47 (s,6H). 

1.4-Di-O-benzvl-L-threitol (115) 

A solution of l,4-di-0-benzyl-2,3-0-isopropylidene-L-threitol 

il]£) (60.0 g, 0.175 mol) in 10 mL of 0.5 N HCl and 100 mL of MeOH was 

stirred under nitrogen for 3 days. The solvent was evaporated in vacuo, 20 

mL of benzene and 100 mL of H2O were added, and the mixture was 

neutralized slowly with NaHC03 and extracted with benzene (2 x 150 mL). 

The solution was dried (MgS04) and the solvent was removed in vacuo to 

give a white solid which was purified by column chromatography on silica 

gel with hexane and chloroform as the eluents to give 44.9 g (97% yield) 

of 115 as a white solid widi mp 45-46^0 (lit. 58-59 0C)(see Scheme 13). 

NOTE: The variation was in the work-up conditions.^ ̂  

IR(deposit, cm"!): 3450 (O-H); 3107, 3100, (Ar-H); 1103 (C-0). 

NMR (CDCI3, 6): 7.21 (s, lOH); 4.45 (s, 4H); 4.05-3.40 (m, 6H); 2.55 

(br s, 2H). 
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2.3-Bis-O-rethvl 2-carboxvmedivl1-l.4-di-0-benzvl-L-direitol (117) 

Chloroacetic acid (21.0 g, 0.205 mol) in t-BuOH (60 mL) was added 

dropwise over 1 h to a refluxing mixture of 1,4-di-O-benzyl-L-direitol 

(115) (25.0 g, 0.082 mol) and t-BuOK (44.8 g, 0.40 mol) in t-BuOH (750 

mL) under nitrogen. After an additional 15 h of refluxing, die solvent was 

removed in vacuo, and die residue added to 500 mL of H2O. The basic 

aqueous layer was extracted widi Et20 (2 x 100 mL), acidified with 6 N 

HCl, and extracted with EtOAc (3 x 100 mL). The combined ethyl acetate 

extracts are washed with brine (100 mL), dried over MgS04, and 

evaporated in vacuo to give an amorphous solid powder. The dicarboxylic 

acid was added to a solution of p.-toluenesulfonic acid in 750 mL of 

EtOH-benzene (1:1) and refluxed for 5 h with cycling of the condensate 

through a Soxhlet extractor containing Na2S04 to remove H2O as it was 

formed. The solvent was evaporated in vacuo to give an oil which was 

purified by column chromatography on alumina with EtOAc as die eluent 

to give 13.8 g (44.5% yield) of U J as a colorless oil (see Scheme 13). 

NOTE: The diethyl ester was made in order to simplify purification. 

IR(deposit, cm-l):3107, 3100, (Ar-H); 1745 (C=0); 1110 (C-0). 

NMR (CDCI3, 5): 7.25 (s, lOH); 4.51 (s, 4H); 4.45-3.40 (m, 14H); 

1.26 (t,6H). 

2.3-Bis-O-r2-hvdroxvethvl1-l.4-di-O-benzvl-L-threitol(l03) 

A solution of 2,3-bis-0-[ediyl carboxymethy 1]-1,4-di-O-benzyl-L-

direitol (117) (13.6 g, 0.024 mol) in 30 mL of dry THF was added 

dropwise to 1.36 g (0.0356 mol) of LiAlH4 in 50 mL of dry THF under 
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nitrogen in a 250 mL flask equipped with a mechanical stirrer and the 

reaction mixture was refluxed for 5 h. The reaction mixture was cooled in 

ice and water and 3 mL of water m 15 mL of THF was slowly added. The 

mixture was stirred for 15 min and 5 mL of 15% NaOH were added 

followed by 15 mm stirring and a subsequent addition of 15 mL of water. 

The resultant salts were filtered and refluxed in THF overnight. The 

combined THF filtrates were evaporated in vacuo and the residue was 

dissolved in 100 mL of Et20. The solution was dried (MgS04) and the 

solvent was removed in vacuo to give a crude oil which was purified by 

column chromatography on alumina with EtOAc as the eluent to give 9.0 g 

(96% yield) of 103 as a clear oil (see Scheme 13). 

NOTE: The variation of reaction conditions increased yield from a 

reported 79% to 96%.̂  1 

IR(deposit, cm'l): 3400 (O-H); 3115 (Ar-H); 2952 (C-H); 1600 (C=C); 

1125(C-0). 

NMR (CDCI3, 5): 7.23 (s, lOH); 4.75- 4.20 (m, 4H); 3.92-3.15 (m, 

16H). 

2.3-Bis-0-r2-benzvloxvethvl1-l8-crown-6 (118) 

Under nitrogen, 1.71 g ( 30.5 mmol) of powdered KOH was 

suspended in 100 mL of dry THF. To die stirred mixture, a solution of 

2,3-bis-0-[2-hydroxyediyl]-l,4-di- 0-benzyl-L-direitol (103) (4.8 g, 16.0 

mmol) in THF (25 mL) was added, and die reaction mixture was heated to 

reflux for 30 min. A solution of triediylene glycol ditoslylate (110).(8.0 

g, 17.5 mmol) in dry THF (25 mL) was added over 3 h. The reaction 
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mixture was refluxed for 48 h , cooled widi an ice-salt badi, and 150 mL of 

CH2CI2 was added. The resultant salt was filtered and die filtrate dried 

(MgS04) and evaporated in vacuo to give an oil which was purified by 

chromatography on two alumina columns widi EtOAc as eluent to give 3.4 

g (61% yield) of US as colorless oil (see Scheme 14). 

NOTE: Modifying the reaction conditions increases the yield from 

26%to61%.81 

IR(deposit, cm'l): 3115, 3105 (Ar-H); 2820 (C-H); 1600 (C=C); 1120 

(C-O). 

NMR (CDCI3, 5): 7.25 (s, lOH); 4.45 (s, 4H); 4.25-3.25 (m, 26H). 

2.3-Di(hydroxymethvl) 18-crown-6 (94) 

2,3-Bis-0-[2-benzyloxyediyl]-18-crown-6 (118) (3.4 g,6.75 mmol), 

2-toluene- sulfonic acid (0.1 g) and 0.30 g of 10% Pd-C in 100 mL of 

absolute EtOH was shaken in a Parr hydrogenator under H2 (40 psi) for 24 

h. The reaction mixture was filtered and die solvent was evaporated in 

vacuo to give an oil which was purified by chromatography on a silica gel 

column widi CHCI3 as eluent to give 3.1 g (91% yield) of 94 as colorless 

oil (see Scheme 14). 

NOTE: The compound was isolated as die diacetate in the original 

work.̂ ^ 

IR(deposit, cm'l): 3450 (O-H); 2930 (C-H); 1120(C-O). 

NMR (CDCI3, 5): 3.8-3.61 (m, 28H). 
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Crown Ediers widi Pendant Arms 

Neutral Pendant Arms 

Crown Acid Chlorides: 

General Procedure 

The crown edier oxyacetic acid (H or 121)(0.024 mol) was added to 

fresh SOCI2 (14.3 g, 0.125 mol) in a distillation apparatus equipped widi a 

CaCl2 drying tube. The mixture was heated at 50 ^C for 2 h and die excess 

SOCI2 was distilled off leaving an oil. Th oil was taken up in 100 mL of 

dry benzene and evaporated in vacuo until yellow crystals resulted. The 

crude product was recrystalized from dry pentane to give a white solid 

(119-120)(see Scheme 15). 

Dibenzo-16-crown-5-oxyacetyl Chloride (119) 

The compound was obtained in a 98% yield as a white solid with mp 

35-37 OC. 

IR (deposit, cm"!): 3102 (Ar-H); 1793 (C=0); 1115 (C-0). 

NMR (CDCI3, 5): 6.9 (s, 8H); 4.65-3.60 (m, 15H). 

Dicyclohexano-16-crown-5-oxyacetyl Chloride (120) 

A 88% yield of a white solid with mp 54-57 ^C was realized. 

IR (deposit, cm'l): 2901, 2846 (C-H); 1791 (C=0); 1125 (C-O). 

NMR (CDCI3, 5): 4.65-3.60 (m, 15H); 2.34-0.82 (m, 16H). 
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n-Dodecyl Dibenzo-16-crown-5-oxyacetate (122) 

Under nitrogen, a solution of dibenzo-16-crown-5-oxyaceyl 

chloride (119) (5.0, 11.5 mmol) of in 25 mL of dry benzene was added 

dropwise to 1-dodecanol (4.3 g, 23.1 mmol) in 50 mL of dry benzene and 

30 mL of dry pryidine. The reaction mixture was stirred for 24 h and the 

solvent was evaporated in vacuo . The resultant oil was taken up in 50 mL 

of CH2CI2 and the solution was washed widi 10 % HCl (5 x 100 mL) and 

dried over MgS04. The solvent was removed in vacuo to give a crude oil 

which was purified by column chromatography on silica gel with 

MeOH-CH2Cl2 (1:10) as die eluent to give 5.1 g (78% yield) of 122 as a 

clear oil (see Scheme 16). 

IR(deposit, cm'l): 3102 (Ar-H); 1600 (C=C); 1755(C=0); 1153 (C-O). 

NMR (CDCI3, 6): 6.95 (s, 8H); 4.72 (s, 2H); 4.45 (s, 2H); 4.38-3.40 

(m, 13H); 1.5-0.8 (s, 23H). 

Anal, calcd. for C33H48O8: C,67.24; H,7.91. Found:C,67.56; H, 7.61. 

Crown Ether Amides: 

General Procedure 

Under nitrogen, a solution of dibenzo-16-crown-5-oxyacetyl 

chloride (119-120) (5.1, 12.0 mmol ) of in 25 mL of dry benzene was 

added dropwise to the alkyl amine (24.0 mmol) in 50 mL of dry benzene. 

The reaction mixture was stirred for 24 h and die solvent evaporated in 

vacuo. The resultant oil was taken up in 50 mL of CH2CI2 and die CH2CI2 

solution was washed with 10 % HCl (10 x 100 mL), and dried over 

MgS04. The solvent was removed in vacuo to give a yellow solid which 



98 

was recrystallized from pet. ether (bp=30-60 ^C) and purified by column 

chromatography on silica gel widi CH2CI2 as die eluent to give a white 

solid (122zl26)(see Scheme 17). 

N-(n-Dodecvl)-Dibenzo-16-crown-5-oxvacetamide (123) 

This compound was obtained in a 79 % yield widi mp 99-100 ^C. 

IR (KBr, cm-1): 3390 (N-H), 3100 (Ar-H); 1675 (C=0); 1110 (C-O). 

NMR (CDCI3, 5): 7.50 (br s, IH); 6.95 (s, 8H); 4.3 (s, 2H); 4.32-3.75 

(m, 15H); 3.34 (m, 2H); 1.39-0.82 (m, 23H). 

Anal, calcd. forC33H4907NiH20: C, 67.21 H, 8.71. Found: C, 

67.09; H,8.41. 

N-(n-Hexvl)-Dibenzo-16-crown-5-oxyacetamide (124) 

A 81 % yield of a white solid widi mp 102-104 ^C was realized. 

IR (KBr, cm-1): 3333 (N-H), 3076 (Ar-H); 1668 (C=0); 1120 (C-0). 

NMR (CDCI3, 5): 7.58 ( br s, IH); 6.95 (s, 8H); 4.36 (s, 2H); 4.32-

3.75 (m, 13H); 3.30 (m, 2H); 1.41-0.88 (m, IIH). 

Anal, calcd. for C27H3707Ni-H20: C, 64.72 H, 7.74. Found: C, 

64.86; H, 7.45. 

N-(n-Hexyl) N-(Methyl)-Dibenzo-l 6-crown-5-oxyacetamide (125) 

The crude product was purified by column chromatography on four 

alumina columns widi CH2CI2 as die eluent to yield (45.6 % ) an oil. 
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NOTE: The tertiary amide was sensitive to air oxidation. 

IR (Deposit, cm-1): 3089 (Ar-H); 1645 (C=0); 1261, 1120 (C-0). 

N M R (CDCI3, 5): 6.95 (s, 8H); 4.41 (s, 2H); 4.34-3.67 (m, 13H); 3.27 

(m, 2H); 2.92 (s, 3H); 1.31-0.80 (m, 13H). 

Anal, calcd. for C29H4i07Ni-CH2Cl2: C, 60.49; H, 7.16. Found: C, 

60.89; H, 7.27. 

N-(n-Hexyl)-Dicyclohexano-16-crown-5-oxyaetamide (126) 

The compound was obtained in a 56 % yield as a yellow oil. 

IR (KBr, cm-1): 3089 (Ar-H); 1645 (C=0); 1261, 1120 (C-O). 

NMR (CDCI3, 5): 7.67 (s, IH); 4.24-3.15 (m, 17H); 1.51-0.72 (m, 

27H). 

Anal, calcd. for C27H4507Ni-H20: C, 63.13; H, 9.67. Found: C, 

62.90; H, 9.22. 

lonizable Pendant Arms 

CarboxyUc Acids 

Crown Ether Decanoic Acids: 

General Procedure 

Under nitrogen, 4.7 g ( 97.3 mmol) of NaH (50% dispersion in mineral 

oil) was washed diree times widi dry pentane to remove die mineral oil and 

was suspended in 50 mL of dry THF. To die stirred mixture, 34.0 mmol of 
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the appropriate hydroxy crown edier (75, 77, and 79) in 50 mL of dry 

THF was added over 1 h and die mixture was stirred for 2 h. A solution of 

7.16 g (28.5 mmol) of 2-bromodecanoic acid ^^ in 50 mL of dry THF was 

added over 10 h followed by stirring at room temperature for 48 h. The 

reaction mixture was evaporated in vacuo and 250 mL of H2O was added. 

The resultant basic solution was extracted with hexane (3 x 100 mL) to 

remove the unreacted hydroxy crown ether. The aqueous solution was 

acidified to pH = 3 by addition of 6 N HCl and the resultant acidic solution 

was extracted with CH2CI2 (3 x 100 mL). The combined CH2CI2 extracts 

were dried over MgS04 and evaporated in vacuo to give a crude product 

which was chromatographed twice on silica gel columns with CH2CI2 and 

EtOH- CH2CI2 (1:1) as the eluents to give a white crystalline solid 

(127-129)(see Scheme 18 andTable 1). 

NOTE: The reported yields are based on recovery of hydroxy crown 

ether substrate. 

2-[sym-(Methyl)-dibenzo-14-crown-4-oxy]decanoic Acid (127) 

The compound was obtained in a 54% yield as a white solid with mp 

124-126 OC. 

IR (CDCI3 deposit, cm-1): 3400-3247 (O-H); 1712 (C=0);1128 (C-O). 

NMR (CDCI3 , 5): 8.9 (br s, IH); 6.9 (s, 8H); 4.5-3.7 (m, 9H); 2.0-2.4 

(m,2H); 1.7-0.7 (m,20H); 

M.S.: 500.4 (M+). 

Anal, calcd. for C29H4o07-1.0 CH2CI2: C, 61.54; H, 7.23. Found: 

C, 61.73; H,7.09. 
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2-[sym-(Mediyl)-dibenzo-16-crown-5-oxy]decanoic Acid (128) 

A 48% yield of a white solid widi mp 95-96 ^C was realized. 

IR (CDCI3 deposit, cm'l): 3390-3200 (O-H); 1706 (C=0);1141 (C-0). 

NMR (CDCI3 , 6 ): 8.2 (br s, IH); 6.9 (s, 8H); 4.3-3.5 (m, 13H); 

1.9-0.7 (m,20H). 

M.S.: 530.4 (M+). 

Anal. Calcd for C3oH4208-0.75 CH2CI2: C, 62.14; H, 7.38. Found: C, 

62.39; H, 7.41. 

2-[sym-(Mediyl)-dibenzo-19-crown-6-oxy]decanoic Acid (129) 

The tide compound was produced in a 50% yield as an oil. 

IR (CDCI3 deposit, cm'l): 3390-3200 (O-H); 1710 (C=O);1120 (C-O). 

NMR (CDCI3 , 5); 9.6 (br s, IH); 6.9 (s, 8H); 4.4-3.5 (m, 17H); 

2.0-0.7 (m, 20H). 

M.S.: 574.6 (M+). 

Anal. Calcd for C32H46O9-0.5 CH2CI2: C, 63.25; H, 7.68. Found: 

C, 63.42; H, 7.52. 

Crown Ether Oxyacetic Acids: 

General Procedure A 

Under nitrogen, 1.0 g ( 21.3 mmol, 4 equiv.) of NaH (60% 

dispersion in mineral oil) was washed three times with dry pentane to 

remove the mineral oil and was suspended in 200 mL of dry THF. To die 

stirred mixture, 5.3 mmol of the respective hydroxy crown ether (76-78. 

£0, 87, and 147) in 50 mL of dry THF was added over 15 min and die 
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mixture was stirred for 1 h. A solution of 1.64 g (11.8 mol) of 

bromoacetic acid in 25 mL of dry THF was added dropwise followed by 

stirring at room temperature for 48 h and refluxing for Ih. Water (50 

mL) was added to the cooled reaction mixture followed by addition of 6 N 

HCl to pH = 1 and stirring for 2 h. The THF was evaporated in vacuo and 

die resultant acidic solution was extracted with CH2CI2 (3 x 100 mL). The 

combined CH2CI2 extracts were dried over MgS04, and evaporated in 

vacuo to give a crude product which was chromatographed twice on silica 

gel columns with CH2Cl2-MeOH (10:1) as the eluent. Recrystalization 

from EtOAc - pet. ether(bp 30-60 ^C) (1:10) gave a white crystalline solid 

(130-134)(see Scheme 19 and Table 2). 

sym-(Methyl)-dibenzo-16-crown-5-oxvacetic Acid (130) 

The compound was obtained as a white solid with mp=102-103 ^C in 

84 % yield. 

IR (CDCI3 deposit, cm"!): 3600 (O-H); 1730 (C=0); 1121 (C-0). 

NMR ( CDCI3 , 5): 6.96 (m, 8H); 4.75 (s, 2H); 4.56-3.4 (m, 12H); 1.3 

(s, 3H). 

Anal, calcd. for C22H26O8: C,63.15; H,6.26. Found: C,62.81; H,6.34. 

sym-(Methyl)-bis[4(5)-t-butylbenzo]16-crown-5-oxyacetic Acid (131) 

The compound was isolated as a white solid widi mp 97-99 ^C in 74 % 

yield. 

IR (CDCI3 deposit, cm' l ) : 3550(O-H); 1715 (C=0); 1126 (C-O). 
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NMR (CDCI3 , 6): 8.9 (br s, IH); 7.0-6.8 (m, 6H); 4.75 (s, 2H); 

4.3-3.4 (m, 14H); 1.3-0.8 (m, 21H). 

M.S.: 530.6 (M+). 

Anal. Calcd for C3oH4208-2.0 H2O: C, 63.59; H, 8.13. Found: C, 

63.41; H, 7.72. 

sym-(Phenyl)-dibenzo-14-crown-4-oxyacetic Acid (132) 

A white solid widi mp= 100-101 ^C was realized in 54 % yield. The 

corresponding sodium carboxylate salt had mp 147-148 ^C. 

IR (CDCI3 deposit, cm"! ); 3542 (O-H); 1745 (C=0); 1146 (C-O). 

NMR ( CDCI3 , 5): 7.8-7.2 (m, 5H); 6.9 (s, 8H); 6.2 (br s, IH) 4.7-3.6 

(m, lOH); 2.3 (m, 2H). 

M.S.: MS 472.5 (M-Na+). 

Anal, calcd. for C26H26O7-2.0 H2O: C, 64.20; H, 6.22. Found: C, 

64.46; H, 6.00. 

sym-(Phenyl)-dibenzo-16-crown-5-oxyacetic Acid (133) 

The compound was isolated in 65 % yield as a white solid with mp 

136-138 OQ 

IR (CDCI3 deposit, cm'l): 3544-3200 (O-H); 1715 (C=0),1132 (C-0). 

NMR ( CDCI3 , 6 ): 8.0-6.9 (m, 13H); 6.3 (br s, IH); 4.6-3.6 (m,14H). 

M.S .: 480.4 (M+). 

Anal, calcd. for C27H2808-1.1 CH2CI2: C, 58.76; H, 5.30. Found: C, 

58.56; H, 5.50. 
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sym-(Phenyl)-dibenzo-19-crown-6-oxyacetic Acid (134) 

The compound was realized as a white solid widi mp 152-153 ^C in 

59% yield. 

IR (CDCI3 deposit, cm'l): 3520-3200 (O-H), 1712 (C=0),1128 (C-O). 

NMR ( CDCI3 , 6): 7.9-7.1 (m, 5H); 6.9 (s, 8H); 5.9 (br s, IH); 4.6-3.6 

(m, 18H). 

M.S.: 524.3 (M+). 

Anal. Calcd for C29H32O9-3.0 CH2CI2: C, 49.32; H, 4.92. Found: C, 

49.28; H, 5.04. 

General Procedure B 

Under nitrogen, 0.8 g ( 20 mmol) of NaH (60% dispersion in 

mineral oil) was washed three times with dry pentane to remove the 

mineral oil and was suspended in 100 mL of dry THF. To the stirred 

mixture, 10 mmol of the appropriate hydroxy crown ether (64, 66, 67-70. 

72-73. and 81-83) in 25 mL of dry THF was added over 15 min and the 

mixture was stirred for 1 h. A solution of 2.3 g (15 mmol) of methyl 

bromoacetate in 25 mL of dry THF was added dropwise followed by 

stirring at room temperature for 72 h . Water (25 mL) was added slowly 

to the cooled reaction mixture followed by the addition of 6 N HCl to pH=l 

and stirring for 2 h. The THF was evaporated in vacuo and the resultant 

acidic solution was extracted with CH2CI2 (2 x 50 mL). The combined 

CH2CI2 extracts were washed with water (2 x 100 mL), dried over 

MgS04, and evaporated in vacuo to give a crude product which was 

chromatographed twice on deactivated silica gel columns with EtOAc as 
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die eluent to give the crown ether methyl ester as an oil. The resultant 

mediyl ester was refluxed under nitrogen for 4 h widi 0.75 g of NaOH in 

25 mL of water. The solution was cooled to 0 ^C and acidified to pH=l 

widi 6N HCl. Extraction widi CH2CI2 (3 x 50 mL), washing widi 50 mL 

of water, drying over MgS04, and evaporation in vacuo gave an oil 

(135-146) which was purified by chromatography on deactivated silica gel 

widi EtOH-AcOEt (1:10) as eluent (see Scheme 20 and Table 2). 

sym-(n-Decyl)-dibenzo-14-crown-4-oxyacetic Acid (135) 

Methyl sym-(n-decyl)-dibenzo-14-crown-4-oxvacetate was obtained in 

a 65% yield as a colorless oil. 

IR (CDCI3 deposit, cm'l): 2972 (C-H); 1762 (C=0); 1110 (C-0). 

NMR ( CDCI3 ,6): 6.9 (s, 8H); 4.8-3.5 (m, 13H); 2.2 (m, 2H); 1.8-0.8 

(m, 21H). 

M.S.: 518.6 (M+). 

Hydrolysis gave 135 as a white solid with mp 117-119 ^C in 61% yield. 

IR (KBr, cm-1 ): 3600-2650 (COOH); 1733 (C=0); 1255,1110 (C-O). 

NMR (CDCI3, 6): 6.95 (s, 8H); 5.6 (br s, IH); 4.4-3.6 (m, lOH); 2.2 

(m,2H); 1.3-0.8 (m,21H). 

Anal, calcd. for C3oH3207-0.5H20: C, 68.80; H, 8.27. Found: C, 

68.97; H, 7.93. 
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sym-(n-Decyl)-dibenzo-16-crown-5-oxyacetic Acid (136) 

Mediyl sym-(n-decyl)-dibenzo-l 6-crown-5-oxyacetate was obtained in 

a 79% yield as a white solid with a mp 52-53 ^C. 

IR (CDCI3 deposit, cm'l): 1760 (C=0); 1250,1110 (C-0). 

NMR (CDCI3 , 6): 6.93 (s, 8H); 4.95-3.7 (m, 14H); 3.65 (s, 3H); 

2.0-0.8 (m, 21H). 

M.S.: 558.6 (M+). 

Anal. Calcd for C32H46O8: C,68.79; H, 8.30. Found: C,68.74; H, 8.21. 

Hydrolysis gave 136 as a white solid with mp 102-102.5 ^C in 61 % 

yield. 

IR (KBr, cm-1): 3628-2279 (COOH); 1766, 1740 (C=0); 1120 (C-O). 

H I - N M R (400 mHz) (CDCI3, 5): 6.9242-6.7177 (m, 8H); 5.0068-

3.5506 (m, 14H); 1.9033-1.8511 (m, 2H); 1.4173-1.2157 (m, 16H); 

0.8125 (t, 3H). 

Cl^-NMR (400 mHz)(CDCl3, ppm): 177.118, 153.030, 149.975, 

125.966, 123.580, 119.954, 114.980, 28.889, 80.273, 79.953, 79.647, 

37.349, 34.919, 33.254, 32.628, 32.502, 32.363, 26.914, 25.735, 

17.199. 

M.S.: 544.5 (M+). 

Anal. Calcd for C31H44O8: C, 68.36; H, 8.14. Found: C,68.07; H,8.15. 

sym-(n-Decvl)-dibenzo-19-crown-6-oxyacetic Acid (137) 

Mediyl sym-(n-decvl)-dibenzo-19-crown-6-oxyacetate was obtained in 

a 82% yield as a colorless oil. 
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IR (CDCI3 deposit, cm-1): 1753,1747 (C=0); 1255,1113 (C-0). 

NMR (CDCI3 , 5): 6.95 (s, 8H); 4.65-3.75 (m, 18H); 3.7 (s, 3H); 

2.0-0.8 (m, 21H). 

M.S.: 602.7 (M+). 

Anal, calcd. for C34H50O9: C,67.75; H, 8.36. Found:C,68.30; H,8.38. 

Hydrolysis gave 122 as a colorless oil in a 69% yield. 

IR (KBr, cm-1 ): 3600-2525 (COOH); 1782 (C=0); 1252,1120 (C-0). 

NMR (CDCI3, 5): 6.95 (s, 8H); 6.0 (br s, IH); 4.7-3.5 (m, 18H); 

1.9-0.8 (m,21H). 

M.S.: 544.5 (M+). 

Anal. Calcd for C33H48O9: C,67.32; H,8.22. Found: C,68.98; H,8.03. 

sym-(n-Decyl)-13-crown-4-oxyacetic Acid (138) 

Methyl sym-(n-decyl)-13-crown-4-oxyacetate was obtained in a 65% 

yield as a colorless oil. 

IR (CDCI3 deposit, cm'l): 2934 (C-H); 1765 (C=0); 1120 (C-O). 

NMR (CDCI3, 6 ): 4.4-3.3 (m, 21H); 1.3-0.8 (m, 21H). 

M.S.: 418.5 (M+). 

Anal, calcd. forC22H4207: C,63.13; H,10.11. Found:C,62.89; H,9.99. 

Hydrolysis gave 138 in 90% yield as a colorless oil. 

IR ( deposit, cm"!): 3470 (O-H); 1734 (C=0); 1128 (C-0). 

NMR (CDCI3, 5 ): 6.0 (br s, IH); 4.2-3.3 (m, 18H); 1.4-0.8 (m, 21H). 
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M.S.: 404.5 (M+). 

Anal, calcd. for C21H40O7: C,62.35; H, 9.97. Found: C,62.49; H,9.85. 

sym-(n-Decyl)-16-crown-5-oxyacetic Acid (139) 

Methyl sym-(n-decyl)-16-crown-5-oxyacetate was obtained in a 71% 

yield as a colorless oil. 

IR (CDCI3 deposit, cm'l): 2934 (C-H); 1760 (C=0); 1120 (C-O). 

NMR (CDCI3, 6 ): 4.4-3.3 (m, 25H); 1.3-0.8 (m, 21H). 

M.S.: 462.6 (M+). 

Hydrolysis gave 139 in 88% yield as a colorless oil. 

IR ( CDCI3 deposit, cm'l): 3660 (O-H); 1741 (C=0); 1121 (C-0). 

NMR (CDCI3 , 5): 7.0 (br s, IH); 4.2-3.3 (m, 22H); 1.4-0.8 (m, 21H). 

M.S.: 448.6 (M+). 

Anal, calcd. for C23H44O8: C,61.58; H,9.89. Found: C,61.75; H, 9.80. 

sym-(n-DecyD-19-crown-6-oxyacetic Acid (140) 

Methyl sym-(n-decyl)-19-crown-6-oxvacetate was obtained in a 65% 

yield as a colorless oil. 

IR (CDCI3 deposit, cm'l): 2964 (C-H); 1760 (C=0); 1110 (C-0). 

NMR(CDCl3,5): 4.4-3.3 (m, 29H); 1.3-0.8 (m, 21H). 

Hydrolysis gave 140 in 92% yield as a colorless oil: 

IR (Deposit, cm-1): 3454 (O-H); 2964 (C-H); 1732 (C=0); 1110 (C-0). 
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NMR(CDCl3, 5 ): 4.4-3.3 (m, 26H); 1.3-0.8 (m,21H). 

Anal, calcd. forC25H4809: C,60.59; H,9.82. Found:C,60.26; H,10.05. 

sym-(n-Hexadecyl)-13-crown-4-oxyacetic Acid (141) 

Mediyl sym-(n-hexadecyl)-13-crown-4-oxyacetate was obtained in a 

81% yield as a colorless oil. 

IR (CDCI3 deposit, cm'l): 2957 (C-H); 1760 (C=0); 1120 (C-O). 

NMR (CDCI3, 6): 4.7-3.2 (m, 21H); 2.5 (p, 5H); 2.1-0.8 (m, 29H). 

M.S.: 488.6 (M+). 

Hydrolysis gave M l a colorless oil in 72% yield. 

IR ( deposit, cm'l): 3600-2700 (O-H); 1735 (C=0); 1118 (C-O). 

NMR (CDCI3, 6): 5.5 (br s, IH); 4.1-3.1 (m, lOH); 2.2 (m, 2H); 

1.6-0.8 (m,29H). 

Anal, calcd for C26H50O7: C,65.79; H,10.62.Found:C,65.54; H,10.32. 

sym-(n-Hexadecy D-16-crown-5-oxvacetic Acid (142) 

Methyl sym-(n-hexadecyl)-16-crown-5-oxyacetate was obtained in a 

94% yield as a colorless oil. 

IR (CDCI3 deposit, cm'l): 2957 (C-H); 1765 (C=0); 1125 (C-0). 

NMR (CDCI3,6): 4.2-3.2 (m, 25H); 1.7-0.8 (m, 29H). 

M.S.: 518.6 (M+). 

Anal. Calcd for C28H5408:C,64.83;H, 10.49. Found:C,65.12;H, 10.50. 
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Hydrolysis gave 142 as a colorless oil a m 82% yield. 

IR (CDCI3 deposit, cm"!): 3600-2700 (O-H);1740 (C=0); 1110 (C-0). 

NMR (CDCI3, 5 ): 4.6-3.2 (m, 22H); 1.8-0.8 (m, 29H). 

Anal, calcd. for C27H5208-H20: C,62.00; H, 10.40. Found: C,61.74; 

H, 10.43. 

sym-(n-Hexadecyl)-19-crown-6-oxyacetic Acid (143) 

Methyl sym-(n-hexadecyl)-l 9-crown-6-oxyacetate was obtained in a 

73% yield as a colorless oil. 

IR (CDCI3 deposit, cm"!): 2959 (C-H); 1763 (C=0); 1127 (C-O). 

NMR (CDCI3, 5): 4.2-3.2 (m, 29H); 1.3-0.8 (m, 29H). 

Hydrolysis gave 143 as a colorless oil in a 75% yield. 

IR ( deposit, cm'l): 3600-2700 (O-H); 1739 (C=0); 1110 (C-O). 

NMR (CDCI3, 5 ): 4.5-3.2 (m, 26H); 1.8-0.8 (m, 29H). 

Anal, calcd. for C29H5609-H20: C,61.50; H, 10.30. Found: C,61.48; 

H, 10.01. 

sym-(Phenyl)-16-crown-5-oxvacetic Acid (144) 

Methyl sym-(phenyD-16-crown-5-oxvacetate was obtained in a 69% 

yield as a colorless oil. 

IR (CDCI3 deposit, cm'l): 2959 (C-H); 1762 (C=0); 1113 (C-O). 

NMR (CDCI3, 6): 7.0-7.5 (m, 5H); 4.3-3.3 (m, 25H). 
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Hydrolysis gave 144 in 73% yield as a coloriess oil. 

IR ( deposit, cm"!): 3620-2360 (O-H), 1750,1736 (C=0), 1120 (C-O). 

NMR (CDCI3 , 6): 7.15-7.7(m, 5H); 4.37-3.15 (m, 22H). 

Anal, calcd. for C19H28O8: C,59.36; H,7.34. Found:C,59.19; H, 7.48. 

sym-[£-(Decyl)phenyl]-19-crown-6-oxyacetic Acid (145) 

Mediyl sym- [£-(decyl)phenyl]-16-crown-5-oxyacetate was obtained in 

a 87% yield as a colorless oil. 

IR (CDCI3 deposit, cm'l): 2843 (C-H); 1765 (C=0); 1080 (C-O). 

NMR (CDCI3, 5): 7.2-6.5 (m, 4H); 4.8-3.0 (m, 25H); 2.4-0.8 (m, 

21H). 

M.S.: 538.4 (M+). 

Hydrolysis gave 145 in 79% yield as a colorless oil. 

IR (Deposit, cm-1): 3600-2700 (O-H); 1731 (C=0); 1061 (C-O). 

NMR ( CDCI3 ,5): 7.1-7.6 (m, 4H); 7.0 (br s, IH); 4.1-3.3 (m, 22H); 

2.1-0.8 (m,21H). 

Anal, calcd. for C29H48O8-2.0 H2O: C, 62.22; H, 10.00. Found: 

C, 62.60; H, 10.13. 

Dicyclohexano-16-crown-5-oxyacetic Acid (146) 

Under nitrogen, 2.37g (51.1 mmol, 4 equiv.) of NaH (60% 

dispersion in mineral oil) was washed three times with dry pentane to 

remove die mineral oil and was suspended in 150 mL of dry THF. To the 
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stirred mixture, 10.0 g (22.2mmol) of 1£7 in 50 mL of dry THF was added 

over 15 min and die mixture was stirred for 1 h. A solution of 3.3 g (22.2 

mmol) of bromoacetic acid in 25 mL of dry THF was added dropwise 

followed by stirring at room temperature for 3 days. The THF was 

evaporated in vacuo and water (25 mL) was added to die cooled reaction 

mixture followed by addition of 6 N HCl to pH = 1 and stirring for 2 h. 

The resultant acidic solution was extracted widi CH2CI2 (3 x 100 mL), die 

combined CH2CI2 extracts were dried over MgS04, and evaporated in 

vacuo to give a crude product which was chromatographed twice on silica 

gel columns widi Et20 as die eluent to give 146 as an oil in 84 % yield (see 

Scheme 19 and Table 2). 

IR ( deposit, cm'l): 3510-2250 (O-H); 1761 (C=0); 1109 (C-O). 

NMR ( CDCI3 ,6 ) : 8.2 (br s, IH); 4.1-3.0 (m, 15H);1.9-0.8 (m, 16H). 

Monoaza-18-cro wn-6-N-oxyacetic Acid (148) 

Under nitrogen, 5.0 g ( 19.0 mmol) of monoaza-18-crown-6-^^ 

(149). and 15.0 g of anhydrous K2CO3 were added to 100 mL of MeCN 

and stirred for 2 h. A solution of 2.0 g (20.3 mmol) of chloroacetic acid in 

25 mL of dry MeCN was added dropwise and the reaction mixture was 

refluxed for 5 h. The solvent was evaporated in vacuo, H2O (100 mL) was 

added to the cooled reaction mixture followed by the addition of 6 N HCl to 

pH = 7 and stirring for 2 h. The water was evaporated in vacuo and the 

resultant solid was dissolved in 100 mL of MeOH. The MeOH solution 

was evaporated in vacuo to give a solid which was dissolved in 100 mL of 

H2O. After addition of 10% NaOH to pH = 7 and extraction widi CH2CI2 
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(3 X 100 mL). The combined CH2CI2 extracts were dried over MgS04, 

and evaporated in vacuo to give a crude product which was 

chromatographed twice on silica gel columns widi CH2Cl2-MeOH (97:3) 

as die eluent to give (148) as a white solid widi mp 88-89 ^C in a 63 % 

yield(see Scheme 21). 

IR ( deposit, cm'l): 3507(O-H); 2650 (N+-H); 2950 (C-H); 1746, 1630 

(zwitterion) (C=0); 1110 (C-O). 

NMR ( CDCI3 , 5): 8.6 (br s, IH) 4.05-3.10 (m, 26H). 

M.S. : 321.2 (M+) 

Anal, calcd. for C14H27N1O7: C, 47.25; H, 8.74. Found: C, 47.56; H, 

8.63. 

Crystals for X-Ray Structural Determination 

sym-Dibenzo-16-crown-5-oxyacetic Acid (31) 

White needles of 31(5.0 g) were successively precipitated from hot 

absolute ethanol until clear needles of 2-6 mm length (1.5 g) were 

obtained. A wire coil was inserted into a hot ethanol solution of these 

crystals and a needle deposit was allowed to form. The coil was groomed to 

separate clear crystals from disorganized crystals. The clear crystals were 

grown by reinsertion of the wire coil into ethanol solutions of 31 at 35 ^C 

which are on die verge of nucleation. The crystals were carefully removed 

from the coil and are allowed to air dry. 
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sym-(n-Decyl)-dibenzo-16-crown-5-oxyacetic Acid (136) 

White needles of 136 (2.5 mm lengdi) were obtained by adding 20 

mL of a saturated ethyl acetate solution of 136 to 100 mL of hexane and 

cooling to 10 ^C overnight. A saturated ethyl acetate solution of the 

needles obtamed was added to a 2.5 dram vial with a coiled wire which was 

suspended in a test tube containing hexane such diat die hexane level was 25 

mm form the top of the vial. The test tube is capped with a rubber septum 

and allowed to stand for 2 days. The coiled wire was removed and dipped 

briefly in ethyl acetate. The crystals were carefully removed from the coil, 

allowed to air dry, dissolved in ethyl acetate, and regrown from hexane as 

before. Crystals removed from the coil and air dryed were sorted by 

clarity as determined by a light microscope at 750 magnification. 

Sulfonated CarboxyUc Acids 

Bisr4(5)-sulfobenzol Crown Ethers: 

General Procedure 

A solution of 36 mL of AC2O, 5.0 mL of AcOH, 24 mL of CH2CI2, 

and 2.0 mL of cone. H2SO4 was added to 5.0 g of die crown carboxylic 

acid (31 130. or 153) under nitrogen. The white mixture was heated to 50 

^C and die resulting reddish solution was stirred overnight at room 

temperature. The solvent was removed in vacuo with heating to 45 ^ C and 

the resultant dark oil was kept under vacuum (0.05 mmHg) for 6 h. By 

gentie heating (-40 ^C) of the flask under vacuum, off-white crystals 

formed which were added directiy to 10 mL of anhydrous MeOH. The 
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MeOH solution was added to 100 mL of anhydrous Et20 in a stoppered 

flask which was placed in a refrigeration overnight. The residue which 

formed on the bottom of the flask was separated from the mother liquid 

and dryed under reduced pressure (0.05 mmHg) with gentie heating to 

yield white crystals. Treatment with MeOH, Et20, and drying twice more 

gave the final products as extremely hydroscopic white solids (150-152). 

which due to thier inherit instability were converted to their calcium salts 

for storage purposes by neutralizing an aqueous solution of sulfonic acid 

crown with 1 equivalent of calcium carbonate and removal of the solvent to 

yield white powders (see Scheme 22). 

Bis[4(5)-sulfobenzo]-l 6-crown-5-oxyacetic Acid (150) 

The compound was obtained as a white solid with mp 127-128 ^C in 

93% yield. 

IR (Deposit, cm-1): 3408 (O-H); 1735 (C=0); 1124 (C-O); 1033 (S-O). 

N M R (D^-DMSO, 6): 6.83-6.73 (m, 6H); 5.6 (s, 13H); 4.4-3.65 (m, 

15H). 

Anal, calcd. for C2iH24Oi4S2-5.0 H2O: C,39.51; H,5.42. Found: 

C,39.16;H,5.33. 

The calcium salt of 150 was obtained as a white solid which decompos

ed > 300 oc. 

IR (KBr, cm-1): 3400 (O-H); 1107 (C-O); 1039 (S-O). 

NMR (D2O, 5): 7.4-6.8 (m, 6H); 4.2-3.8 (m, 15 H). 
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sym-(Mediyl)-bis[4(5)-sulfobenzo]-16-crown-5-oxyacetic Acid (151) 

A white solid widi mp 110-111 ^C was realized in 86% yield. 

IR (CDCI3, cm-1): 3421 (O-H); 1730 (C=0); 1107 (C-0); 1033 (S-O). 

NMR (D6-DMSO, 5): 6.95-6.8 (m, 6H); 5.7 (s, 7H); 4.1-3.6 (m, 14 H); 

1.4(s,3H). 

Anal, calcd. for C22H26Oi4S2-2.0 H2O: C, 42.99; H, 4.92. Found: C, 

43.07; H,4.98. 

The calcium salt of 151 was obtained as a white solid which decompos

ed > 270 OC 

IR (KBr, cm-1): 3400 (O-H); 1110 (C-O); 1039 (S-O). 

NMR (D2O, 6): 7.4-6.8 (m, 6H); 4.2-3.8 (m, 14 H); 1.4 (s, 3H). 

sym-(n-Butyl)-bis[4(5)-sulfobenzo]-16-crown-5-oxyacetic Acid (152) 

In a 82 % yield a white solid widi mp 173-175 ^C was isolated. 

IR (film, cm-1): 3418 (O-H); 1745 (C=0); 1113 (C-0); 1035 (S-O). 

NMR (D^-DMSO, 5): 7.2 (s, 3H); 6.9 (m, 6H); 5.6 (s, 13H); 4.4-3.6 

(m, 14 H); 1.7-0.9 (m,9H). 

Anal, calcd. for C25H32O14S2: C, 46.72; H, 5.04. Found: C, 46.47; H, 

5.02. 

The calcium salt of 152 was obtained as a white solid which decompos

ed > 330 OC. 

IR (KBr, cm-1): 3400 (O-H); 1110 (C-O); 1035 (S-O). 

NMR (D2O, 5): 7.4-6.8 (m, 6H); 4.2-3.8 (m, 14 H); 1.7-0.9 (m, 9H). 
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Diarboxylic Acid Pendant Arms 

Di(tosyloxvmethvl) Crown Ethers 

General Procedure: 

Under nitrogen, a solution of the di(methylhydroxy)-18-cro wn-6 

ether (115 or 116) (3.0 g, 8.8 mmol) in 30 mL of dry pyridine was cooled 

to -10 ^C and a solution of p.-toluenesulfonyl chloride (5.5 g, 19.0 mmol) 

in 30 mL of dry pyridine was added dropwise while maintaining the 

reaction temperature below 0 ^C. Following stirring at 5 °C for 1 h and 

refrigeration overnight, the reaction mixture was poured over 250 mL of 

crushed ice and 10 mL of ice cold 6 N HCl was added. The solution was 

extracted with CH2CI2 (2 x 500 mL). The combined CH2CI2 extracts 

were washed widi 10 % HCl (4 x 100 mL), dried over MgS04, and die 

solvent removed in vacuo to give a crude oil which was purified by 

column chromatography on silica gel with CH2CI2 as the eluent to give 

(156 and 157) as a clear oil (see Scheme 23). 

2,12-Di(tosyloxymethyl) 18-crown-6 (156) 

The compound was obtained in a 91 % yield as a colorless oil. 

IR (CDCI3 deposit, cm-1): 2927 (C-H); 1600 (C=C); 1263 (S-O); 

1125 (C-O). 

NMR (CDCI3, 5): 8.05-7.22 (AB q, 8H); 4.23-3.15 (m, 26H); 

2.48 (s, 6H). 

Anal, calcd. for C28H4oOi2S2-0.5 H2O: C, 52.41; H, 6.44. Found: C, 

52.57; H, 6.63. 
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2,3-Di(tosyloxymediy 1) 18-crown-6 (157) 

An 88% yield was realized as a coloriess oil. 

IR (CDCI3 deposit, cm"l): 2938 (C-H); 1600 (C=C); 1264 (S-O); 1125 

(C-O). 

NMR (CDCI3, 6): 8.05-7.20 (AB q, 8H); 4.25-3.15 (m, 26H); 

2.48 (s, 6H). 

Anal, calcd. for C28H40O12S2: C,53.15; H,6.37. Found: C, 53.33; H, 

6.66. 

Dir(4-n-decvl)(2-oxvmethvl)benzoic1 Crown Edier Acids: 

General Procedure 

Under nitrogen, 0.53 g ( 13 mmol) of NaH (60% dispersion in 

mineral oil) was washed three times with dry pentane to remove the 

mineral oil and was suspended in 20 mL of dry THF. To the stirred 

mixture, a solution of methyl 4-(n-decyl)salicylate^^ (158)(3.2 g, 11.0 

mmol) in 15 mL of dry THF was added dropwise and the mixture was 

stirred for 1 h. A solution of the di(tosyloxymethyl)18-crown-6 (156 or 

157) (2.8 g, 4.4 mmol) in 25 mL of dry THF was added dropwise followed 

by refluxing for 5 days, addition of 0.1 g NaH, and more refluxing for 5 

additional days. The solvent was evaporated in vacuo and 50 mL of EtOAc 

and 50 mL of H2O were added. The EtOAc extract was washed widi water 

(2 X 100 mL) and brine (50 mL) followed by evaporation in vacuo to give a 

crude product which was chromatographed twice on silica gel columns 

with EtOAc as the eluent to give the crown ether methyl esters as an oil. 

The resultant dimethyl ester was refluxed under nitrogen for 4 h with 10 



119 

mL of 10% NaOH in 20 mL of EtOH. The solution was evaporated in 

vacuo and the residue was dissolved in 50 mL of H2O. The solution was 

cooled to 0 ^C and acidifled to pH=l widi 6N HCl. Extraction with 

CH2CI2 (3 X 50 mL), washing with 50 mL of H2O, drying over MgS04, 

and evaporation in vacuo gave (154 and 155) as an oil (see Scheme 23). 

2,12-Di[(4-n-decyl)(2-oxymediyl)benzoic]-18-crown-6 Acid (154) 

Dimethyl 2,12-[(4-n-decyl)(2-oxymethyl)benzoate]-18-cro wn-6 was 

obtained in a 12 % yield as a colorless oil. 

IR (CDCI3 deposit, cm'l): 2920 (C-H); 1710 (C=0); 1110 (C-O). 

NMR ( CDCI3 ,5): 7.8-6.6(m, 6H); 4.8-3.4(m, 32H); 2.6(m, 4H); 

1.4-0.8 (m,38H). 

Anal, calcd. for C50H80O12: C, 68.84; H, 9.24. Found: C, 69.06; H, 

8.86. 

Hydrolysis gave 154 as a colorless oil in 76% yield. 

IR (CDCI3 deposit, cm'l): 3600-2400 (COOH); 1735, 1701(C=O); 

1250,1110(0-0). 

NMR (CDCI3 ,6): 8.5 (br s, 2H); 7.92-6.79 (m, 6H); 4.8-3.4 

(m, 24H); 2.6(t, 4H); 1.75-0.75 (m, 38H). 

Anal, calcd. for C48H76O12: C, 68.22; H, 9.06. Found: C, 68.28; H, 

9.35. 
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2,3-Di [(4-n-decyl)(2-oxymediyl)benzoic]-18-crown-6 Acid (155) 

Dimediyl 2,3-[(4-n-decyl)(2-oxymediyl)benzoate]-18-crown-6 was 

obtained in a 48% yield as a coloriess oil. 

IR (CDCI3 deposit, cm'l): 2909 (C-H); 1700 (C=0); 1604 (Ar-H); 

1244, 1111 (C-O). 

NMR (CDCI3 ,5)(100 MHz): 7.85-6.64 (m, 6H); 4.62-3.4 (m, 32H); 

2.6 (m,4H); 1.5-0.8 (m,38H). 

Anal, calcd. for C50H80O12: C, 68.84; H, 9.24. Found: C, 68.93; H, 

8.81. 

Hydrolysis gave 155 as a coloriess oil in 92 % yield. 

IR (CDCI3 deposit, cm"!): 3641-2322 (COOH); 1734,1700 (C=0); 

1250,1109(0-0). 

NMR ( CDCI3 ,5): 8.4(brs,2H); 7.92-6.79 (m, 6H); 4.4-3.4 (m, 

24H); 2.6(t, 4H); 1.85-0.75 (m, 38H). 

Anal, calcd. for C48H76O12: C, 68.22; H, 9.06. Found: C, 68.54; H, 

9.09. 

Phosphonic Acids 

Crown Ether Oxymethyl Phosphonic Acids: 

General Procedure 

Under nitrogen, 0.27 g (6.8 mmol) of NaH (60% dispersion in 

mineral oil) was washed with dry n-pentane to remove the mineral oil and 

was suspended in 50mL dry THF. To the stirred mixture, 1.80 g (3.4 
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mmol) of die hydroxy crown edier (8 or 90) was added and die mixture 

was stirred for 1 h. A solution of 1.00 g (3.4 mmol) of monoethyl 

iodomethylphosphonic acid^^ (162) in 25 mL of dry THF was added 

dropwise. The reaction mixture was stirred at room temperature for 5 h 

and refluxed for 48 h. Water (50 mL) was added to die cooled reaction 

mixture followed by addition of 6 N HCl to pH=l and refluxing for 20 h. 

The THF was evaporated in vacuo and the resultant acidic aqueous mixture 

was extracted widi CHCI3 (3 x 50 mL). The combined CHCI3 extracts 

were washed with brine and H2O, dried over MgS04 and evaporated in 

vacuo to give the crude product which was chromatographed twice on 

silica gel columns widi CH2Cl2-MeOH (10:1) as eluent to give (159-160) 

as a white crystalline solid (see Scheme 24). 

Monoethyl sym-Dibenzo-16-crown-5-oxymethylphosphonic Acid (159) 

The compound was obtained as a white crystalline solid with mp 

50-52 oc m 43 % yeild. 

IR (Deposit, cm-1): 3400(O-H); 1600(C=C); 1263(P=0); 1123(C-0). 

NMR (CDCI3, 5): 6.95 (s, 8H); 4.21-3.57 (m, 17H); 1.35 (t, 3H). 

Anal, calcd for C22H2909P-H20: C, 54.32; H, 6.36. Found: C, 54.42; 

H, 6.06. 

Monoediyl sym-Bis[4(5)-t-butylbenzo]-16-crown-5-

oxymethylphosphonic Acid (160) 

A white crystalline solid widi mp 82-83 ^C was produced in 43% yeild. 

IR (Deposit, cm-1): 3389 (O-H); 1597(C=C); 1264 (P=0); 1122 (C-O). 
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NMR (CDCI3, 5): 6.85 (br s, 6H) ; 4.35-3.70 (m, 13H); 3.54 (m,2H); 

3.21(brs,2H);1.27(s,18H). 

M. S.: 580.5 (M+). 

Anal, calcd for C3oH4509P-l.l CH2CI2: C, 55.42; H, 7.06. Found: C, 

55.30; H,7.10. 

Crown Ether Alkyl Bromides: 

General Procedure 

The hydroxy crown ether (88 or 89) (1.5g, 3.0 mmol) was added to 

1.62 g ( 6.0 mmol) of PBr3 in 15 mL of dry DMF at 5 ^C . The mixture 

was refluxed for 48 h and 100 mL of H2O was added. Extraction with 

Et20 followed by washing of the ether solution with 100 mL of H2O, 

drying over MgS04 and evaporation in vacuo gave an oil which was 

purified by chromatography on alumina with CH2CI2 as eluent to give 

(163 and 164) as a colorless oil (see Scheme 25). 

1 - Fsym-B is[4(5)-t-buty Ibenzo] -16-cro wn-5-oxy] -2-bromoethane(163) 

The compound was isolated as a colorless oil in 83% yield 

IR (Deposit, cm-1): 3062(Ar-H); 1602 (C=C); 1252, 1112 (C-O). 

NMR (CDCI3, 6): 6.8-7.1 (m, 6H); 3.4-4.4 (m, 17H); 1.3 (m, 18H). 

M. S.: 565.5 (M+). 

Anal, calcd. for C29H4i06Br: C, 60.63; H, 7.37. Found: C, 60.78; H, 

7.29. 
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l-[sym-Bis[4(5)-i-butylbenzo]-16-crown-5-oxy]-3-bromopropane(164) 

A 96 % yield of die compound was obtained as a colorless oil. 

IR (Deposit, cm-1) 3062 (Ar-H); 1602 (C=C); 1252,1122 (C-0). 

NMR (CDCI3, 5): 7.1-6.8 (m, 6H); 4.4-3.5 (m, 17H); 2.4-1.7 (m, 2H); 

1.27-0.82 (m, 18H). 

Anal, calcd. for C3oH4306Br: C, 62.17; H, 7.48. Found: C, 62.49; H, 

7.77. 

Monoedivlsvm-Bisr4(5)-t-butvlbenzo1-

16-crown-5-oxvethylphosphonic Acid (161) 

Under nitrogen, 1.42 mmol of 1-[sym-bis[4(5)tert-butyIbenzo]-

16-crown-5-oxy]-2-bromoediane (163) and 0.51g (3.3 mmol) of triethyl 

phosphite were stirred at 150^ C for 10 h. Excess triethyl phosphite was 

removed by vacuum distillation and the residue was purified by 

chromatography on silica gel with CH2Cl2-MeOH (20:1) as eluent. The 

resultant diethyl phosphonate (1.0 mmol) was refluxed under nitrogen for 

12 h widi 0.25 g NaOH in 50 mL of EtOH. The solution was cooled to 5^ C 

and acidified to pH=l with 6 N HCl. The solvent was removed in vacuo and 

30 mL of H2O was added to the residue. Extraction with CH2CI2, drying 

of the CH2CI2 solution over MgS04 and evaporation gave 161 as an oil 

which was purified by chromatography on silica gel with CH2Cl2-MeOH 

(1:1) as the eluent (see Scheme 25). 
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Diediyl sym-bis[4(5)-t-butylbenzo]-16-crown-5-oxyediylphosphonate 

was obtained as a coloriess oil in a 87% yield. 

IR (Deposit, cm-1): 3062(Ar-H); 1602(C=C); 1392(P=0); 1122(C-0). 

NMR (CDCI3, 5): 7.12-6.85 (m,6); 4.61-3.70 (m,19); 2.54-1.92 

(m,2); 1.27-8.2 (m,24H). 

M.S. : 622.4 (M+). 

Crown phosphonic acid monoethyl ester 161 was obtained as a colorless 

oil in a 94% yield. 

IR (deposit, cm'l): 3377(0-H); 3062(Ar-H); 1269(P=0); 1252(C-0). 

NMR (CDCl3,5): 7.12-6.76 (m, 6H); 3.43-4.41 (m, 17H); 2.63-1.81 

(m,2H); 1.42-0.84 (m,21H). 

Anal, calcd. for C31H47O9P: C, 62.61; H, 7.97. Found: C, 62.71; H, 

8.03. 

Ionized Pendent Arms 

Alkali Metal Crown Ether Carboxylates: 

General Procedure 

A solution of 2.0 g of crown ether carboxylic acid (31 or 136 ) in 25 

mL of CH2CI2 was shaken for 1 h with 10 mL of a 75 % alkali hydroxide 

aqueous solution and then set overnight to allow for separation of layers. 

The CH2CI2 solution was evaporated in vacuo to yield a white 

solid(165-167). 
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Sodium sym-Dibenzo-16-crown-5-oxyacetate (165) 

Crystals formed at the interface between the aqueous base and the 

CH2CI2 solution and were separated by filtration giving the 165 

widi mp 194.2-194.6 ^C in a 100% yield. 

IR (KBr, cm-1 ):3100 (Ar-H); 2982, 2821 (C-H); 1610 (C=0); 1265, 

1150 (C-O). 

NMR(D6-DMSO, 5): 7.05-6.70 (m, 8H); 4.50-3.55 (m, 15H). 

Anal. Calcd for C2iH2308Na-1.5 H2O: C, 55.63; H, 5.78. Found: C, 

55.60; H,5.31. 

Sodium sym-(n-Decyl)-dibenzo-l 6-crown-5-oxyacetate (166) 

Purification by chromatography on a silica gel column with anhydrous 

benzene as the eluent gave 166 as a white solid with mp 57 ^C in 81% 

yield. 

IR (KBr, cm-1 ): 3100 (Ar-H); 2800 (C-H); 1607 (C=0); 1122 (C-O). 

NMR (400 mHz),(CDCl3, 5): 6.9179-6.7671 (m, 8H); 4.2432-3.8139 

(m, 13H); 1.6277-1.5986 (m, 2H); 1.3654-1.1991 (m, 16H); 

0.8131 (t,3H). 

M. S.: 566.54 (M+). 

Lidiium sym-(n-Decyl)-dibenzo-l 6-crown-5-oxyacetate (167) 

The product was obtained as an oil in a quantitative yield. 

IR (deposit, cm"!): 3100 (Ar-H); 2950 (C-H); 1610 (C=O);1110 (C-0), 
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NMR (400 mHz),(CDCl3, 5): 6.9727-6.8092 (m, 8H); 4.369-3.6416 

(m, 14H); 1.7370 (m, 2H); 1.3327-1.2695 (m, 16H); 0.8845 (t, 3H). 

Crvstals for X-Rav Structural Determination 

Sodium sym-Dibenzo-16-crownr5-oxyacetate (165) 

Clear crystals of 165 were precipitated from 10.0 mL of hot H2O by 

standing at room temperature for 3 days. A large crystal (0.5 x 1.0 x 1.5 

cm) was removed and the solution was allowed to stand for one week as 

smaller crystals (0.5-1.5 mm length) precipitated. The crystals are 

carefully removed from die solution and are allowed to air dry. 

Demetalization of Sodium sym-Dibenzo-

16-crown-5-oxyacetate (165) 

Sodium crown carboxylate 165 was dissolved in 25 mL of 6N HCl 

and 100 mL of dioxane. The solution was heated at 70 ^C for 100 h and the 

solvents were removed in vacuo to give an oil which was dissolved in 50 

mL of chloroform , washed with water (3 x 50 mL), dried over MgS04 

and evaporated in vacuo to yield 31 as characterized by IR and pK^ 

determinations. 
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Bis-Crown Ediers 

Hvdroxvmedivl-1.4.7-frioxanonane (171) 

A solution of 3,6-dioxa-4-(benzyloxymethyl)-l,8-octanediol (1) 

(10.0 g, 0.04 mol) and ^-toluenesulfonyl chloride ( 8.3 g, 0.04 mol) in 300 

mL of dry dioxane was added over 10 h to a mixture of powdered LiOH 

(6.4 g, 0.16 mol) in 200 mL of dry dioxane under nitrogen at 60 ^C. The 

reaction mixture was stirred for 10 h at 60 ^C and filtered. The filtrate 

was evaporated in vacuo to give the crude product which was purified by 

chromatography on an alumina column widi CH2CI2 as eluent to give 7.2 g 

(72%) of benzyloxymediy 1-1,4,7-trioxanonane as an extremely hyroscopic 

colorless oil. 

IR (Deposit, cm-1): 3082, 3061 (Ar-H); 2937 (C-H); 1116 (C-O). 

NMR (CDCI3, 5): 7.33 (s, 5H); 4.54 (s, 2H); 3.90-3.48 (m, 13H). 

Anal, calcd. for C14H20O4: C,65.10; H,8.40. Found: C,64.98; H,7.93. 

Benzyloxymethyl-1,4,7-trioxanonane (6.9 g, 0.0274 mol), 0.02 g of 

^-toluenesulfonic acid (0.02 g) and 0.7 g of 10 % Pd-C in 100 mL of 

absolute EtOH was shaken in a Parr hydrogenator under H2 (40 psi) for 24 

h. The reaction mixture was filtered and the solvent was evaporated in 

vacuo to yield a colorless oil which was purified by chromatography on 

alumina with EtOAc as eluent to give 4.5 g (85 %) of 171 as an extremely 

hygroscopic colorless oil (see Scheme 26). 

IR (Deposit, cm-1): 3418 ( aH) ; 2910 (C-H); 1103 (C-0). 

NMR (CDCl3,5): 3.70 (s, 14H). 

MS 162.1 (M+). 
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Anal, calcd. for C7Hi4O4-0.5H2O: C, 48.56; H, 8.74. Found: C, 48.20; 

H, 8.60. 

Diedivl 2-(n-Hexadecv1)-2-methv1malonate (174) 

A solution of diediyl 2-(n-hexadecyl)malonate (173) (5.0 g, 0.0166 

mol) and Mel (14.2 g, 0.0966 mol) in 25 mL of CH2CI2 was stirred for 1 h 

widi 75 mL of H2O containing n-Bu4NCl (11.3 g, 0.0498mol) and NaOH 

(3.98 g, 0.0996 mol). The CH2CI2 layer was separated and evaporated in 

vacuo. To die residue, 100 mL of Et20 was added and die mixture was 

filtered to remove die catalyst, dried (MgS04) ^^^ the solvent was 

evaporated in vacuo to give the crude product which was purified by 

chromatography on silica gel widi CH2CI2 as eluent to give 4.5 g (86 %) of 

174 as a colorless oil (See Scheme 27). 

IR (Deposit, cm-1): 2939,2820 (C-H); 1747 (C=0); 1100 (C-O). 

NMR (CDCI3, 5 ): 4.50-4.00 (q, 4H), 2.15-0.75 (m, 42H). 

M. S.: 398.6 (M+). 

Anal, calcd. forC24H4504: 0,72.31 ;H, 11.63. Found:C,72.27;H, 11.62. 

2-(n-Hexadecyl)-2-methylmalonic Acid (175) 

Diediyl 2-(n-hexadecyl)-2-mediylmalonate (174) (4.0 g, 0.010 mol) 

was added to 50 mL of 50% aqueous NaOH and the mixture was refluxed 

for 12 h. The mixture was acidified to pH=l with 6 N HCL, extracted with 

50 mL of EtOAc, washed with 50 mL of H2O, dried (MgS04) and the 

solvent evaporated in vacuo to give the a quantitative yield of 175 as a 
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white soUd with mp 60-61 ^C (see Scheme 27). 

IR (Deposit, cm-1): 3600-2398 (O-H); 2935 (C-H); 1745 (C=0). 

NMR (CDCI3, 5): 2.15-0.75 (m, 36H). 

Anal, calcd. forC2oH3804: C,70.13;H,11.18. Found:C,70.15;H, 10.95. 

2-(n-Hexadecyl)-2-methylmalonyl Chloride (172) 

The 2-(n-hexadecyl)-2-methylmalonic acid (175) (3.0 g, 0.0088 

mol) was stirred with 20 mL of dry benzene and 5 mL of oxalyl chloride 

under nitrogen for 12 h. The solvent was removed in vacuo and the 

residue was dissolved in 50 mL of pet. ether (bp 30-60 °C) and filtered. 

Evaporation of solvent from the filtrate in vacuo gave a quantitative yield 

of 172 as a colorless oil (see Scheme 27). 

IR (Deposit, cm-1): 2930, 2810 (C-H); 1793 (C=0). 

NMR (CDCI3, 6): 2.15-0.75 (m, 36H). 

Bis-Crown Ethers: 

General Procedure 

A solution of die hydroxymediyl crown edier ^^^ ( H I or 176-177) 

(0.04mol) in 25 mL of dry benzene was added to 

2-(n-hexadecyl)-2-mediylmalonyl chloride (172) (0.02 mol) in 50 mL of 

dry benzene and 30 mL of dry pyridine and die solution was refluxed 

under nitrogen for 24 h. The solvents were evaporated in vacuo and the 

resultant oil was dissolved in 100 mL of EtOAc, washed widi 5 % aq. 

AcOH and dried (MgS04). The solvent evaporated in vacuo to give the 
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crude product which was purified by chromatography on silica gel widi 

CH2CI2 and CH2Cl2-MeOH (20:1) as eluents to yield (168-170) as a 

colorless oil (see Scheme 28). 

2,2-Bis[(l,4,7-trioxanonane)methoxycarbonyl]octadecane (168) 

The compound was obtained as a colorless oil in 63% yield. 

IR (Deposit, cm-1): 2940,2850 (C-H); 1745 (C=0); 1103 (C-O). 

NMR (CDCI3, 6): 4.43-3.41 (m, 26H); 2.0-0.8 (m, 36H). 

M.S.: 630.5 (M+). 

Anal, calcd. for C34H52O10: 0,64.73;H,9.91. Found:C,64.52;H, 10.22. 

2,2-Bis[(12-crown-4)methoxycarbonyl]octadecane (169) 

A colorless oil was isolated in a 62% yield. 

IR (Deposit, cm-1): 2954, 2846 (C-H); 1732 (0=0); 1132 (C-0). 

NMR (CDCI3, 5): 4.34-3.42 (m, 34H); 1.9-0.8 (m, 36H). 

Anal, calcd. for C38H70O12: 0,63.48; H,9.81. Found:C,63.36; H,9.82. 

2,2-Bis[(14-crown-4)methoxycarbonyl]octadecane(170) 

The tide compound was isolated as a colorless oil in 68% yield. 

IR (Deposit, cm-1): 2954, 2846 (C-H); 1745 (0=0); 1130 (C-0). 

NMR (CDCl3,5): 4.1-3.5 (m, 36H); 2.4-1.7 (m, 6H); 1.6-0.6 (m, 36H). 

Anal, calcd. for C42H78O12O.5H2O: C,64.34; H,10.14. Found: 

0,64.43; H,10.16. 
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AcycUc Ligands 

2-Chlorotropolone (17R) 

Under nitrogen, 10.0 g of tropolone (180) was refluxed for 3 h with 

10 mL of dry benzene and 10 mL of freshly distilled SOCI2. The solvents 

were remove in vacuo, and 10 mL of benzene was added. After filtration 

to remove salt impurity, die benzene was removed in vacuo to yield a red 

oil which was washed with saturated NaHS04, ^ ^ ^^ied under vacuum 

until crystals formed which were recrystallized from pet. ether (bp=30-60 

00) to give 0.82 g of 178 as yellow crystals widi mp 63-64 ^C in 71 % 

yield (see Scheme 29). 

IR (Deposit, cm-1): 3000 (C-H); 1615 (C=0); 1583 (C=C). 

NMR (CDCI3, 5): 8.0-7.2 (m, 5H). 

2-(Methylhydroxy)-1 -n-Octadecanol (185) 

A solution of diethyl 2-(n-hexadecyl)malonate (184) (5.0 g, 16.6 

mmol) in 50 mL of dry THF was added dropwise to 1.67 g (43.3 mmol) of 

LiAlH4 m 100 mL of dry THF in a 250 mL flask under nitrogen and the 

reaction mixture was refluxed for 4 h. The reaction mixture was cooled in 

an ice-bath and 1.5 mL of H2O in 7.5 mL of THF was slowly added. The 

mixture was stirred for 15 min and 1.5 mL of 15% NaOH was added 

followed by 15 min stirring and the addition of 7.5 mL of water. The 

resultant salts were filtered and refluxed in THF overnight. The combined 

THF filtrates were evaporated in vacuo. The residue was dissolved in 50 

mL of anhydrous Et20, and the solution was dried over MgS04. 
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Evaporation of die solvent in vacuo gave a crude solid which was purified 

by chromatography on sihca gel widi Et20 as eluent to give 3.15 g (87% 

yield) of 185 as a white solid widi mp 53-56 ^C (see Scheme 30). 

IR(deposit, cm'l): 3337 (O-H); 2953, 2860 (C-H); 1101 (C-O). 

NMR (CDCI3, 5): 3.76 (m, 4H); 2.78 (br s, 2H); 2.00-0.63 (s, 34H). 

M. S.: 300.3 (M+) 

Anal, calcd. for C19H40O2: C,75.94;H,13.42. Found:C,75.85;H,13.24. 

1.3-Ditosvloxy Propanes: 

General Procedure 

Under nitrogen, a solution of the diol (185) (6.7 mmol) in 25 mL of 

dry pyridine was cooled to -10 ^C and a solution of ^-toluenesulfonyl 

chloride (3.8 g, 20.0 mmol) in 25 mL of dry pyridme was added dropwise 

while maintaining the reaction temperature below 0 ^C. The mixture was 

placed in a refrigerator overnight. The mixture was poured over 250 mL 

of crushed ice, 10 mL of ice cold 6 N HCl was added, and the solution was 

extracted widi CH2CI2 (2 x 100 mL). The combined CH2CI2 extracts 

were washed with 10 % HCl (8 x 100 mL) and dried over MgS04. The 

solvent was removed in vacuo to give a crude oil which was purified by 

column chromatography on silica gel with CH2CI2 as the eluent to give 

(181 and 183) as white soUd (see Scheme 30). 
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1,3-Ditosyloxypropane (181)^03 

The compound was obtained in a 92% yield as a white solid widi mp 

92-92.5 00. 

IR (CDCI3 deposit, cm'l): 2974 (C-H); 1600 (C=C); 1367 (S-O); 

1172(0-0). 

NMR (CDCI3, 5): 7.85-7.06 (AB q, 8H); 4.12 (t, 4H); 2.49 (s, 6H); 

2.1(p,2H). 

2-[(Tosyloxy)mediyl]-l-octadecyloxy Tosylate (183) 

A 90% yield of this compound was isolated as a colorless oil. 

IR (CDCI3 deposit, cm'l): 2930 (C-H); 1599 (C=C); 1364 (S-O); 

1174 (C-O). 

NMR (CDCI3, 6): 7.95-7.15 (AB q, 8H); 4.02 (d, 26H); 2.48 (s, 6H); 

1.97-0.75 (m, 34H). 

M. S.: 609.45 (M+) 

Anal, calcd. for C33H52O6S2:C,65.10;H,8.61. Found:C,64.76; H,8.85. 

1.3-Bis(2-oxocycloheptatrienyloxy)-propane (179) 

Tropolone (1.5g) (180) was dissolved in 30 mL of H2O which 

contained 1.2 g of CaC03. The mixture was stirred for 30 min and then 

the H2O was evaporated in vacuo to yield 2.6 g of the calcium tropolone 

salt. Under nitrogen, 2.6 g of the dried calcium salt was refluxed with 20 

mL of dry DMF and 1.26 g of 1,3-dibromopropane for 20 h. The cooled 

reaction mixture was filtered and the solvent was removed in vacuo. The 



134 

residue was repeatedly dissolved in 100 mL of water, filtered and 

evaporated in vacuo to give a solid which was purified by column 

chromatography on alumina with MeOH as the eluent followed by 

recrystallization from EtOH-Et20 (1:10) to give 1.25 g (69%) of 179 as a 

white crystalline soUd with mp 91-91.5 ^C (see Scheme 30). 

IR (KBr, cm-1): 2925 (C-H); 1597 (0=0); 1263, 1183,1170 (C-O). 

NMR (CDCI3, 5): 7.51-6.43 (m, lOH); 3.48 (t, 4H); 2.53 (m, 2H). 

Anal, calcd. for C17H 1504-0.5 H2O: C, 69.61; H, 5.84. Found: 

C, 69.67; H, 5.70. 

2-(n-Hexadecyl)malonic Acid (187) 

Diethyl 2-(n-hexadecyl)malonate (184) (5.0 g, 0.0166 mol) was 

added to 50 mL of 50% NaOH and die mixture refluxed for 12 h. The 

cooled mixture was acidified to pH=l widi 6 N HCL, extracted widi 50 mL 

of EtOAc, washed widi 50 mL of H2O, dried (MgS04) and die solvent was 

evaporated in vacuo to give the a quantitative yield of 187 as a white solid 

widi mp 101-103 00 (See Scheme 31). 

IR (Deposit, cm-1): 3400-2200 (O-H); 2981 (C-H); 1709 (C=0). 

NMR (CDCI3, 5): 3.0 (t, 3H); 2.15-0.75 (m, 33 H). 

2-(n-Hexadecvl)malonvl Chloride (186) 

Under nitrogen, 2-(n-hexadecyl)malonic acid (187) (2.5 g, 0.0076 

mol) was stirred widi 20 mL of dry benzene and 20 mL of SOCI2 for 2 h. 

The solvent was slowly distilled off over 2 h. The residue was dissolved in 
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50 mL of dry benzene and filtered. Evaporation of the solvent m vacuo 

gave a quantitative yield of 186 as a yellow oil (see Scheme 31). 

IR (Deposit, cm-1): 2950, 2860 (C-H); 1799 (C=0). 

NMR (CDCI3, 5): 4.18 (m, IH); 2.25-0.75 (m, 33H). 



CHAPTER 3 

COMPLEXATION BY MULTIDENTATE LIGANDS 

Results and Discussion 

Cation Complexation by Monoaza Crown Ediers 

Stability constants (log K^) for complexation of sodium and 

potassium cations by monoaza crown ethers^^'^^"^ 188-191 (Figure 23) in 

99% methanol-1% water at 25 ^C were measured according to 

Frensdoff s method"^ and are reported m Table 4. 
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1 0-C6H4 1 ^ 
2 0-C6H4 182 
3 0-C6H4 190 
2 -CH2CH2 121 

Figure 23. Monoaza Crown Ethers. 
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The complexing abilities for monoaza dibenzo crown ethers 188-190 

are considerably lesser than those observed for monoaza crown ethers 191 

due to decreased binding ability which results from the less basic 

alkyl-aryl ether oxygens of the former group. The stability constants for 

Table 4. 
Stability Constants for Complexation of Alkali Metal Chlorides 
in 99% Medianol-1% Water by Monoazacrown Ediers 188-191. 

Log K for 

M^of M^Q"^ 188 189 190 191 

Na+ 1.19 2.07 1.37 2.58 

K+ 1.88 3.13 2.54 3.67 

188-191 are greatest for the 18-cro wn-6 ring size which exhibits good 

selectivity for potassium over sodium. Stability constants for compounds 

188-191 with lithium cations were too weak to measure. Measurements 

of stability constants for lidiium with compound 189 were further 

complicated by die formation of a precipitate. Closer investigation 

revealed that lithium chloride was precipitated as crown edier inclusion 

complex. Similar experiments revealed diat rubidium and cesium 

chlorides also precipated widi crown 1S2, while no odier monoaza crown 

188-191 formed an insoluble precipate widi any alkali metal chloride. 

The unusual metal ion-precipitating behavior of monoazacrown ether 

189 appears to result from a combination of poor solubility of the 

respective complexes and strong complexing ability of die ligand itself. 
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Inclusion Precipitation by Monoaza Crown Ediers 

The use of monoazacrown ether 189 in a separation method was 

investigated by die addition of 189 to a solution of equivalent amounts of 

all five alkali metal chlorides in methanol-water (99:1). The concen

trations of alkali chlorides remaining in solution are plotted vs. 

equivalents of 189 added in Figure 24. Precipitation of die alkali metal 

Equivalents of CrownEther 

Figure 24. Precipitation of Inclusion Complex of 152 from a Medianol-
Water (99:1) Solution of LiCl, NaCl, KCl, RbCl, and CsCl. 
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chlorides starts when 2 equivalents of 189 have been added and increases 

until 10 equivalents of 189 have been introduced. Cesium and rubidium 

chlorides are precipitated at 80% and 71% levels, respectively, while 

17% of die lithium orginally present is precipitated. 
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Figure 25. Precipitation of Inclusion Complex of 1S2 from a 
Methanol-Water (99:1) Solution of LiCl, NaCl, and KCl. 

To determine die ability of 189 to separate lidiium from sodium and 

potassium cations, a solution of these mixed cations was treated widi die 
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monoazacrown edier 189. The result is reported in Figure 25, which is a 

plot of alkali metal chlorides remaining in solution versus die equivalents 

of crown edier added to die solution. Crown edier 189 exhibits an affinity 

towards die precipitation of lidiium and potassium, 48% and 22%, 

respectively, over sodium. The precipitation of potassium ions in this 

system, but not in die five alkali metal cation mixed system, shows diat die 

selectivity of cation precipitation from metal ion mixtures depends upon 

which metal cations are present in solution. A similar experiment 

conducted widi all five alkali metal chlorides in aqueous solution failed to 

produce any precipitation. 

Cation Complexation by Sulfonated 

Crown CarboxyUc Acids 

Stability constants (K^) for complexation of sodium and potassium 

cations by compounds 31,130. and 150-152 (Figure 26) were measured 

by potentiometric titration^ in aqueous buffered solution at 25 ^C. A 

phosphoric acid-trimethyl ammonium hydroxide buffer was used in the 

acidic pH range, while a phosphoric acid-tris(2-hydroxyethyl) ammonium 

(TEA"*") buffer was used in the basic pH range . In Figures 27 and 28, 

stability constants for sodium and potassium cation complexation, 

respectively, are plotted versus the pH. Stability constants increase with 

pH, beginning at pH~3 and reaching a plateau above pH~9. A pK^ of 3.65 

has been determined"® for crown carboxylic acid 31 in water at 25 ^C, 

while the pK^ values of aromatic sulfonic acids are typically 1.0-1.5.^^5 
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Thus, increases in complexation result from ionization of die carboxyl 

group moiety which interacts as an additional coordination site. 

R'><0CH2CO2H 
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compd. R' R" 
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130 
15Q 
151 
152 
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n-C4H9 
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H 

SO,H 
SO3H 
SO3H 

Figure 26. Sulfonated Carboxylic Acid Crown. 

In comparing the stability constants obtained for crown carboxylic 

acid 31 with that of the closely-related sulfonated crown carboxylic acid 

150. increases by factors of 12.3 for sodium and 11.2 for potassium are 

observed. The methyl analog 151 also exhibits improved binding when 

compared to its unsulfonated analog 130 by factors of 12.5 for sodium 

and 11.7 for potassium. This increase in metal ion complexing ability 

upon aromatic sulfonation cannot be explained as an electronic effect since 

die Hammett a for a SO3- substituent is 0.09^^^ and for a SO3H 

substituent is 0.5.^^" Thus both are electron-wididrawing groups which 

should decrease complexation. Reasons for the increase in complexing 

ability are two-fold. The higher charged density of die triionizable crown 
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ether should allow a stronger, more rapid, electrostatic attraction between 

the crown and the cation. Also desolvation of crown ether oxygens should 

be of lower energy since die crown sulfonic acid solvation spheres would 

be centered around the sulfonic acid moieties. 
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Figure 27. Sodium Stability Constants in Buffered Aqueous Solution 
vs. pH for Crown Ediers i L • 12L 0ISQ, • 1 5 L ^ . 1 5 2 . / ^ . 
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Potassium ion binding is weaker than sodium ion binding in all 

cases widi Na+/K+selectivity ratios at pH=9 of 8.3 for 31, 8.4 for 130, 

14.4 for 150 and 13.8 for 151. The butyl analog 152 exhibits a similar 

preference for sodium cations as does 151. The improved cation 

selectivity widi alkyl substitution is consistent widi conformational pre-
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Figure 28. Potassium Stabdity Constants in Buffered Aqueous Solution 
vs.pH for Crown Ediers: I L • I I L 0 I M . • I I L A 1 2 L / ^ . 
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organization of die complexating agent so diat die ionic pendent arm is 

centered over die ring cavity. 

Stability constants for 150-152 are comparable to metal-[2.2.1]-

cryptate stability constants of log Ka=5.4 for sodium ion and of log 

Ka=3.95 for potassium ion in water, ̂ '̂̂  however die Na+/ K+ selectivity 

remains higher for compounds 150-152. 

Phase-Transfer Catalysis by Multidentate Ligands 

Liquid-Liquid Catalysis 

Activities of soluble crown ether catalysts were assessed with die 

standard nucleophilic substitution of cyanide from a concentrated aqueous 

KCN phase on 1-bromooctane in toluene at 90 ^C."^'"^ A uniform 10% 

molar equiv. of catalyst was employed. Rates were measured by GLC 

analysis and pseudo-first-order kinetic behavior was observed for at least 

two reaction half-lives (Figure 29). 

The influence of stirring speed upon the pseudo-first-order rate 

constants for reactions of aqueous KCN with 1-bromooctane in toluene in 

the presence of benzo-18-cro wn-6 (191) is shown in Figure 30. Thus die 

rate constant is initially enhanced as the stirring speed increases, but 

reaches a plateau above approximately 500 rpm. A stirring rate of 600 

rpm was utilized for the structure-reactivity studies of the soluble crown 

ether catalysts. 
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Figure 29. First-Order Kinetic Plot. 
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Figure 30. Pseudo-First-Order Rate Constants vs. Stirring Rate for 
Liquid-Liquid Reactions of KCN with 1-Bromooctane in Toluene 
Catalyzed by Crown Edier 1£1. 
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From the pseudo-first-order rate constants listed in Table 5, die 

relative catalytic efficiencies of crown edier catalyst 191-201 (Figures 

31-33) may be deduced. 

Table 5. Pseudo First-Order Rate Constants for die Biphase Reaction of 
Aqueous Potassium Cyanide widi 1-Bromooctane in Toluenê . 

catalyst 

191 

122 

193 

194 

m 
196 

10^kobs(s-M^ 

1.0 

0.6 

1.8 

2.1 

1.5 

0.9 

catalyst 

121 

128 

122 

200 

201 

122 and 201^ 

10 ̂ kobs (s-l f 

3.3 

23.0 

7.2 

380 

1030 

999 

Ât 90.0 °C and 600 rpm widi 10% molar equiv. of catalyst.̂  Reproducibility 
was ± 5% of die listed rate constant. S\t 10% molar equiv. of each catalyst. 

Employing benzo-18-cro wn-6 (191) as a standard, attachment of a 

hydroxymethyl group to the aromatic ring (catalyst 192) decreases 

catalyst efficiency somewhat, whereas attachment of a (benzyloxy)mediyl 

group (catalyst 193) is modestly beneficial. On the odier hand, when 

hydroxymethyl and (benzyloxy)-methyl groups are attached to the 

polyether portion of benzo-18-crown-6 (catalysts 194 and 195, 

respectively) modest efficiency enhancements are noted in both cases. 

However, further structural elaboration to provide a C-pivot lariat 

ether^l jjig gives a catalyst widi essentially die same activity as diat of die 
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parent benzo-18-crown-6. In light of diis finding, it appears diat die 

3.3-fold increase in catalyst efficiency observed widi 197 results from die 

R R̂  compd. 

H H 191 
H O a ^ H 122 
B z O a t H 122 
H UOCBr 123 
H BZOCH2 124 
H " " c T ^ c T ' o M e 125 
Ci2l^50CH2 ^ /—'f/"̂ — - ^96 
(p}-0CH2-

(P)-0CH2-

H 

OMe 

H 2Q2 

O^ 'o'' ÔMe 204 

(?)-OCH2- 205 

Figure 31. Phase Transfer Catalysts 
191-196. 202 and 204-205. 

lipophilic n-dodecyl group rather than the C-pivot lariat ether-̂ ^ portion. 

Of the soluble crown ether catalysts 191-200 examined,the hydroxy-

methyl-substituted cyclohexano- 18-crown-6 198 is the most effective. If 

this increase arose simply from the more basic crown ether oxygens 

produced when a benzo group is replaced by a saturated cyclohexano unit, 

then the efficiences of catalyst 198 and the lipophilic 18-crown-6 
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derivative 199 would be expected to be quite similar. The additional 

efficiency of 198 probably results from enhanced interfacial activity due 

to the polar alcohol function. 

o o^ 

X ^ 

R A compd. 

HOa% ^ V ^ 120 

0-OCH2- .CH^CH^ 202 

©-OCH2- ^ Q 206 

(p)-OCH2- 207 

Figure 32. Phase Transfer Catalysts 
190.203.206 and 207. 

The catalytic activity of n-decyl-tri-n-butylphosphonium bromide 

201 was determined in this liquid-liquid system and found to be a much 

more efficient catalyst than lipophilic 18-crown-6 199. This difference 

may result at least partially from a lower lipophilicity of the crown 

ethers.^^ A mixture of 199 and 201 exhibits essentially the same activity 

as does 201 alone. This reveals that the crown ether 199 does not interfere 
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widi die action of quat 2Q1. The somewhat lower activity of crown-quat 

2QQ compared widi quat 2Q1 probably results from die higher lipophilicty 

of 201 which decreases distribution of die catalyst into die aqueous phases 

c (CH2)9-R 

O O' 

k.0^ 
R compd. 

OBz 122 

P(C4H9)4^Br- 2QQ 

Figure 33. Solid-Liquid Phase Transfer Catalysts. 

Cloud-Point Evaluatioas 

To provide additional information concerning the behavior of 

crown-quat 200. cloud point measurements have been conducted (Figure 

34). Okahara has determined cloud points (water solubility) for 1% 

aqueous solutions of crown ethers with long lipophilic tails.^^ For such 

crown ethers, the cloud points initially increased when inorganic salt was 

added. Thus metal ion complexation by the crown ether enhanced its 

water solubility and caused a "salting-in" effect. Further salt additions 

diminished the cloud point (water solubility) of the lipophilic crown 

ethers. However, even at high salt concentrations, the cloud points (water 

solubility) still exceeds that observed in the absence of salt. 
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Cloud point determinations for crown-quat 200. crown edier 199. 

and quat 201 were conducted in the absence and presence of added KBr. 

The results are presented in Figure 34. Although die addition of KBr 

causes only salting-out of quat 2Q1, saltmg-in of bodi crown quat 2QQ and 

80 
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40 -

20 -

0 -

[KBr], M 

Figure 34. Cloud Points for 1% Aqueous Solutions of 
catalysts; 122*# 2Q(LB 2QL' 
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crown edier 199 is noted widi maxima at approximately IM aqueous KBr. 

In agreement with die results of Okahara,^^ die cloud point (water 

solubility) of crown ether 199 remains higher in even the most 

concentrated salt solution (5 M) dian it does in pure water. On die other 

hand, the salting-in effect for crown-quat 2Q0 is less pronounced and 

above 4 M salt die cloud point (water solubility) for 2Q0 becomes less dian 

diat in water. The cloud point measurements verify the rationalization 

that the ordering of catalytic activity in the liquid-liquid phase-transfer 

reactions of 201 > 200> 199 corresponds to the catalyst lipophilicity. 

Liquid-Sohd Catalysis 

The catalytic activities of crown-quat 200. crown ether 199. and quat 

201 were evaluated in the reaction of 1-chlorobutane in acetonitrile with 

solid KCN. A mixture of the catalyst (0.10 equiv) and KCN (2 equiv) in 

acetonitrile was stirred and heated at 50 °C. After 0.5 h, stirring was 

terminated and a concentrated solution of 1-chlorobutane and heptane 

(internal standard) in acetonitrile was added. Samples were removed 

periodically and analyzed by gas chromatography. Plots for a 

second-order reaction were satisfactorily linear and the second-order rate 

constants are presented in Table 6. Under the same conditions, but in die 

absence of catalyst, there was littie or no conversion of 1-chlorobutane 

into 1-butylcyanide. 

Crown-quat 200 is noted to be a more effective phase-transfer 

catalyst dian either quat 201. or crown edier 199. However, a mixture of 
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2Q1 and 199 which would have the same number of polyether and quat 

sites as in 2Q0 exhibits essentially die same catalytic efficiency as 200. 

Thus die presence of both crown ether and quat sites in a single catalyst 

molecule is found to produce only an additive effect with no positive 

synergism. 

Table 6. Second-Order Rate Constants for die Solid-Liquid Reaction of 
Potassium Cyanide widi 1-Chlorobutane.̂  

catalyst 10'̂ k2obs (molL^ s'̂ )^ 

199 

2QQ 

2Q1 

122.and 201^ 

4.2 
7.2 

2.7 

6.8 

^At 50.0°C and 600 rpm widi 10% molar equiv. of catalyst̂  Reproducibility 
was ± 5% of die Usted rate constant. S\t 10% molar equiv. of each catalyst. 

Liquid-Solid-Liouid Catalvsis 

Activities of polymer-bound crown ethers 202-207 as triphase 

catalysts were assessed widi the standard nucleophilic substitution of 

cyanide from a concentrated aqueous KCN phase on 1-bromooctane in 

toluene at 90 ^C. Rates were measured by GLC analysis and pseudo-first-

order kinetic behavior was observed for at least two reaction half-lives. 
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The effect of stirring rate variation upon pseudo-first-order rate 

constants for die triphase catalytic activity of polymer-bound crown edier 

202 is shown in Figure 35. Similar dependency of reaction rate upon 

stirring speed has been observed in previous studies of triphase catalysis 

by other polymer-bound crown ethers.^'^ To minimize die influence 

200 400 600 

rpm 

800 1000 1200 

Figure 35. Pseudo-First-Order Rate Constants vs. Stirring Rate for 
Triphase Reaction of KCN with 1-Bromooctane in Toluene Catalyzed by 
Polymer-Bound Crown Ether 2Q2 at 9 0 ^ . 
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of diffusion,66-68 a stirring speed of 1300 rpm was utilized for 

subsequent studies of reactions catalyzed by polymer-supported crown 

ediers 202-207 . 

Dependence of reaction rate upon the amount of polymer-supported 

crown ether 2Q2 present is illustrated m Figure 36. Enhancing the 

0.1 0.2 0.3 0.4 
molar equiv. 

Figure 36. Pseudo-First-Order Rate Constants vs. Molar 
Equivalents of Polymer-Bound Crown Edier 202 for Triphase 
Reactions of Aqueous KCN with 1-Bromooctane in Toluene at 90 °C. 
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proportion of catalyst produces a linear increase in die pseudo-first-order 

rate constant until a 10% molar equiv. is reached. For subsequent 

increases in die amount of catalyst present there is no effect upon rate. 

Other workers have reported linear relationships between the 

pseudo-first-order constants and 10% or lower molar equivalents of 

triphase catalyst, but apparentiy did not conduct investigations at higher 

catalyst levels.^^ Presumably die plateau observed in Figure 36 results 

from a saturation of the aqueous-organic phase interface widi the 

polymeric catalyst. For the structure-reactivity studies of polymer-

supported crown ediers 202-207. a uniform 10% molar equiv. of catalyst 

was employed. 

Pseudo-first-order rate constants for the triphase reaction of 

aqueous KCN widi 1-bromooctane in toluene as effected by 10% molar 

equiv. of polymer-supported crown ethers 202-207 widi stirring at 1300 

rpm at 90^0 are recorded in Table 7 (Figures 31 and 32). Modification 

Table 7. Pseudo First-Order Rate Constants for die Triphase Reaction of 
Aqueous Potassium Cyanide widi 1-Bromooctane in Toluenê . 

catalyst lO k̂obs (s'̂  j ' catalyst lO k̂obs (s"̂  f' 

202 
202 

2Q4 

1.7 

4.4 

5.3 

205 

m. 
207 

16.5 

1.5 

1.8 

Ât 90.0 ̂ C and 1300 rpm widi 10% molar equiv. of catalyst? Reproducibility 
was ± 5% of the listed rate constant. 
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of die polymer-supported benzo-18-crown-6 catalyst 2Q2 by deletion of 

die benzo group (in catalyst 2Q3) or incorporation of a C-pivot lariat 
o 1 

arm-̂  (in catalyst 204) has essentially no influence upon the catalyst 

efficiency. On die odier hand, structural isomer 2Q5 in which the crown 

edier ring is positioned between the polymer backbone and the lipophilic 

benzo group exhibits a 2.6-fold rate enhancement. This enhancement 

becomes 3.1-fold when the benzo group in catalyst 205 is 

replaced by a naphtho group in catalyst 2Q6 and increases to 9.7-fold when 

the lipophilic group is changed to a saturated cyclohexano unit in catalyst 

207. These results clearly establish an unexpected enhancement of catalyst 

efficiency when the crown ether ring is positioned between the polymer 

backbone and a lipophilic hydrocarbon unit. Thus the positioning of 

lipophilic groups is demonstrated to have an important influence upon the 

triphase catalytic activity of polymer-supported crown ediers. 

Experimental 

GLC analysis for kinetic runs were conducted with a Varian Model 

3700 capillary, flame ionization gas chromatograph equipped widi a 25 m 

X 0.20 mm WCOT SE-30 column and a Hewlett Packard Model 3390A 

integrating recorder. Emf was measurements were performed with a 

Fisher Accument pH meter. A Coming sodium-ion electrode (Cat. No. 

476210) was used for Na+ binding determinations and a Corning 

monovalent-ion electrode (Cat. No. 476220) was used for Li+ and K+ 

binding determinations. A Brinkmann 50 mL titration vessel (Model No. 
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EA876-50) was used for all determinations. StabiUty constants (Kj and 

K2) were calculated using a Macintosh 512 K computer widi a Microsoft 

Basic (version 2.0) program (Appendix). The reagents monaza dibenzo 

crown ethers Ig8-190,1Q4 monoaza 18-crown-6 191,131 crown 

carboxylic acids iL,26and I I L ^ ^ soluble crown ether catalyst 

191-201^08,109^ polymer-supported crown ediers 202-207^10 were 

prepared by mediod reported in die literature. Reagent grade inorganic 

salts were used as obtained directiy from die suppliers. Demineralized 

water was prepared by passing distilled water through diree Bamstead 

D8992 combination cartridges in series. Alkali metal cation 

concentrations in the precipation experiments were determined with a 

Dionex Model 10 ion chromatograph. 

Cation Complexation by Multidentate Ligands 

Stability Constant Determination 

in Methanol-Water 

The ion selective electrode was preconditioned to each cation by 

soaking overnight in an 0.1 M solution of the alkali metal chloride in 

methanol-water (99:1 by volume). Calibration plots of emf vs. log a were 

linear from 0.01 to 0.0001 M. In a typical run, a titration cell under 

nitrogen was filled with 25 mL of an alkali metal chloride solution 

(0.01-0.001 M) in methanol-water (99:1). The ion selective electrode and 

silver | silver chloride reference electrode were inserted into the cell and 
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die solution was stirred for 15 min. The stirring was stopped and mV 

readings were taken until no change greater than 0.2 mV occurred over a 

5 min period. The solution was titrated by adding crown ethers 188-191 

in weighed amounts (0.025-0.0025 M) and stirring die mixture until all 

crown had dissolved. Readings were taken until no change greater than 

0.2 mV occurred over a 5 min. period. If some of the crown ether 

remained undissolved, the titration run was stopped. The cell was refilled 

with another portion of die orginal alkali metal chloride and the emf was 

remeasured and averaged with the initial reading. The difference in emf 

between solutions with and without added crown ether was used in 

Frendsdoff s equations^ to calculate K| and the potential participation of 

K2-

Stability Constant Determinations 

in pH Buffered Water 

The ion selective electrode was preconditioned to each cation by 

soaking overnight in an 0,1 M solution of alkali metal chloride in each 

pH-buffered solution. Buffer solutions from pH=l.7-6.2 were composed 

of phosphoric acid-trimethyl ammonium hydroxide while buffer 

solutions from pH=9.0-10.6 were composed of phosphoric 

acid-tris(2-hydroxyethyl) ammonium (TEAH+).m Buffer pH was 

measured to widiin 0.001 pH units. Calibration plots at pH=5.2 and 

pH=9.0 of emf vs log a were linear from 0.01 to 0.0001 M. In a typical 

run, the titration cell under nitrogen was filled with 25 mL of 



160 

pH-buffered alkali metal chloride solution (0.01-0.001 M). The ion 

selective electrode and silver | silver chloride reference electrode were 

inserted and die solution was stirred for 15 min. The stirring was stopped 

and mV readings were taken until no change greater dian 0.2 mV 

occurred during a 5 min. period. The solution was titrated by adding 

weighed amounts of hygroscopic 150-152 (0.025-0.0025 M) and readings 

were taken until no change greater dian 0.2 mV occurs during a 5 min. 

period. The cell was refilled widi anodier portion of die buffered solution 

of alkali metal chloride and die emf was remeasured and averaged with 

die previously determined emf. The difference in emf between the 

solutions widi and without added crown was used widi Frendsdoff s 

equations^ to calculate stabdity constants. 

Inclusion Precipitation Determinations 

Into a plastic centrifuge tube, a 50 mL methanol-water (99:1 by 

volume) solution of the alkali metal chlorides (0.001 M in each) was 

added. A weighed amount (1-15 equivalents) of monoazadibenzo-

18-cro wn-6 (189) was added, and the tube was agitated with a vortex 

mixer at high speed for 15 min. The tube was centrifuged for 2 h and a 

1.0 mL aliquot of the filtrate was taken and diluted in 100 mL of distilled 

water. The concentrations of alkali metal chlorides remaining in solution 

were determined by ion chromatography and comparison to a standard 

sample to which no crown edier has been added. 
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Phase Transfer Catalytic Activity 

Liquid-Liouid Catalytic Activity 

Into a 50 mL (25 mm x 150 mm) screw-cap glass culture tube^^ 

were placed 5.0 mL of HLPC grade toluene, 5.0 mL of 7.5 M aqueous 

KCN, 3.0 mmol of dodecane (internal standard), and a Teflon-coated 

stirring bar. The tube was placed in a 90.0 ± 0.1 ^C constant temperature 

bath and the contents were magnetically stirred at the desired rate. A 

Caframo Model RZRl variable speed stirring motor was utilized and 

stirring rates were determined with a Power Instrument Model C-891 

strobe light tachometer. The appropiate amount of catalyst (usually 0.30 

mmol) was added and conditioned by stirring for Ih at 600 rpm. At zero 

time, 3.0 mmol of 1-bromooctane was added. Samples (10 |J,L) were 

removed at desired time intervals (at least 8 samples per run which 

covered at least 2 half-lives), eluted through a small column of silica gel in 

a disposable pipet to remove die catalyst, and analyzed by GLC for the 

relative concentrations of 1-bromooctane and dodecane. Plots of log 

[OctBr]|-/ [OctBr]Q were linear and rates constants were calculated from 

die slopes using a linear regression program. 

n-Decvl-tri-n-butvlphosphonium Bromide (201) 

1-Bromodecane (1.9 g, 50.0 mol) and tri-n-butyl phosphine (10.6 g, 

50 mL) were heated togedier in a stoppered flask at 85 ^C for 3 days. The 
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crude product was washed with n-hexane to provide a pale yellow, 

hygroscopic oU (11.0 g, 52%). 

IR (Deposit, cm-1): 2987, 2854 (C-H); 1440 (C-P). 

NMR (CDCI3, 5): 2.7-2.35 (m, 8H); 1.8-1.2 (m, 28H); 1.10(t, 12H) 

Anal, calcd. for C33H6gBrP-H20: C, 59.93; H, 11.20. Found: C, 

59.84; H, 11.41. 

Liquid-Solid Catalytic Activity 

A solution of the catalyst (1.06 mmol) in acetonitrile (25.0 mL) was 

poured over powdered, dry KCN (2.12 mmol) in a 50 mL screw-cap glass 

culture tube. The tube was placed in a 50.0 ±0.1 ^C constant temperature 

bath and mechanically stirred at 600 rpm for 0.5 h. Stirring was 

terminated and at zero time a solution of 1-chlorobutane (10.6 mmol) and 

n-heptane ( 10.6 mmol, internal stamdard) in acetonitrile (5.0 mL) was 

added. The resulting solution was 0.0353 M in catalyst, 0.353 M in 

1-chlorobutane, and 0.353 M in n-heptane. A sample was removed within 

a few seconds of the mixing and analyzed by by gas chromatography 

showed no butylcyanide formation. Samples were removed at 5.0 min 

intervals and die disappearance of 1-chlorobutane was monitored relative 

to the internal standard until no further reaction occurred. A plot of In bQ 

/ ^0 [(ao-Xn)/(bo-Xn)] vs. time (where x^ is die difference between the 

concentration of 1-chlorobutane at IQ and t̂ , HQ is die initial concentration 

of 1-chlorobutane, and bg, die initial concentration of cyanide, is taken to 

be X for the completed reaction) gave a straight line which covered at least 
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two half lives of die reaction. The slope was calculated widi a least 

squares program (r=0.98 or greater) and k2 was evaluated from the 

relationship of slope = k2(ao-bo). 

Cloud-Point Determinattnn 

Into a stirred water badi were placed a precision thermometer and a 

test tube which contained a 1 % solution of die compound to be tested. The 

reversible critical point at which die solution became turbid upon heating 

or clear upon cooling was determined 5 or more times and had a 

reproducibility of ± 0.6 °C. 

Liquid-Solid-Liquid Catalytic Activity 

Kinetic rate determinations used the culture tube apparatus^^ 

previously described for the liquid-liquid experiments along with the 

same amounts of reagents at 90.0 ±0.1 °C. Polymer supported catalyst 

202-207 (0.30 mmol) was added and the mixture was conditioned by 

stirring for 12h at 1000 rpm. At zero time, 3.0 mmol of 1-bromooctane 

was added and the solution was stirred at 1300 rpm. Samples (5 |J,L) of the 

toluene layer which was separate from the catalyst were removed at 

desired time intervals (at least 12 samples per run which covered at least 3 

half-lives) and analyzed by GLC for the relative concentrations of 

1-bromooctane and dodecane. Plots of log [OctBrJj / [OctBrl^ were linear 
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and rates constants were calculated from die slopes using a linear 

regression program. 



CHAPTER 4 

SUMMARY AND CONCLUSIONS 

Svndiesis of Multidentate Ligands 

A variety of multidentate ligands have been syndiesized, including 

crown alcohols, crown ethers with lonizable and neutral pendant arms, 

bis-crown ethers and acyclic bis-tropolone ligands. The use of 

2-substituted epichlorohydrins was found to be an effective synthetic route 

to crown ether alcohols which allowed a wide variety of alkyl- and aryl-

substituted crown ether carboxylic acids to be produced. A method for the 

preparation of crown phosphonic acid monoalkyl esters from crown ether 

alkyl bromides was developed. Sulfonation of dibenzocrown carboxylic 

acids provided a new class of crown sulfonic carboxylic acid ligands. A 

synthetic pathway to bis-crown ether malonates was improved and utilized 

to make three new bis-crown ether compounds. Finally an acyclic 

multidentate ligand was prepared in which two tropolone units are linked 

together. 

165 
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Complexation of AlkaH Metal Cations bv 

Multidentate Ligands 

Stability constants for complexation of sodium and potassium cations 

by several monoazacrown ediers in MeOH-H20 (99:1) were measured by 

potentiometric titration. Binding abilities decreased for monoaza 

crowns with aryl alkyl ether oxygens (compared widi dialkyl ether 

oxygens) and were highest for the 18-crown-6 ring size. The observation 

of metal ion-precipitation with monoazadibenzo-18-cro wn-6 lead to 

further investigations which revealed cesium and rubidium cations could 

be selectively precipitated from mixed solutions of all five alkali metal 

cations. Potentiometric determinations of alkali metal cation 

complexation showed that sulfonated crown carboxylic acids were over an 

order of magnitude better cation binders than were analogous crown 

carboxylic acids. 

The activities of soluble crown ether catalysts in liquid-liquid 

phase-transfer reactions were assessed and found to be dependent upon die 

lipophilicity and substituents present on die phase transfer catalyst. Cloud 

point measurements for 1% aqueous solutions of crown ethers also 

showed that the ordering of catalytic activity in liquid-liquid 

phase-transfer reactions corresponds to the catalyst lipophilicity. The 

activities of soluble crown edier catalysts and a phosphonium quaternary 

salt in liquid-solid phase-transfer reactions were also compared. Catalysts 

with crown ether groups were found to be more effective than the 

phosphonium quaternary salt. The activities of polymer-bound crown 
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ether catalysts in liquid-solid-liquid phase-transfer reactions were 

assessed and found to be dependent on die positioning of lipophilic groups. 
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APPENDDC 

The following computer program is written in Microsoft® Basic 

and was used widi a Apple Macintosh microcomputer for die calculation 

of stability constants (K )̂ from die potentiometric determination the 

equilibrium concentrations of alkali metal chlorides complexed by 

multidentate ligands by die Frensdroff mediod.̂  

0 REM Stability Constant Calculator 
1 REM Version 0.37, Created November 2, 1986 
2 REM by Michael J. Pugia 
3 REM Department of Chemistry and Biochemistry 
4 REM Texas Tech University, Lubbock Texas 
5 REM THIS PART INPUTS DATA FOR A TITRATION RUN 
6 INPUT "THE NUMBER OF DATA POINTS=";DA 
10 INPUT "ASSIGN A VALUE FOR mL OF CATION 

SOLUTION"; m 
11 INPUT "ASSIGN A VALUE TO THE INTIAL CROWN 

CONCN."; Co 
20 INPUT "ASSIGN A VALUE TO THE INTIAL CATION 

CONCN."; Mo 
30 INPUT "ASSUME A VALUE FOR THE VARIABLE K2/K1";Q 
50 DIM A(10),KlN(15),B(10),Vn(15),Vo(10),Uo(10) 
60 DIM U(10),W3o(10),W3(10),MR(10),Un(10) 
70 PRINT "ENTER"DA"VALUES OF mL OF POLYETHER 

SOLUTION ADDED" 
80 FOR J= 1 TO DA 
90 INPUT A(J) 
100 NEXT J 
110 PRINT "ENTER"DA"VALUES OF mV " 
120 FORJ=lTODA 
130 INPUT B(J) 
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140 NEXT J 

150 REM THIS PART CALCULATES EXPERIMENTAL K1&2 
160 F0RJ=1T0DA 
170 D=m/(m + A(J)) 
175 U(J)=10^(-B(J)/59.16) 
180 IF Q=0 THEN Y(J)=0 
183 IF Q=0 GOTO 196 
185 R= l-(l/(2*(3)) 
185 R= 1-(1/(2*Q)) 

186 Z1=(1-U(J)*R)^2 
187 Z2=(1-U(J))^2 

194 Y(J)=1-(U(J)*R)-((Z1-Z2)^5) 
196 W(J)=(1-U(J)+Y(J)) 
197 Wl=(Mo*W(J)) 

198 W 2 = ((A(J)*Co)/m)-Wl 

199 W3(J)= (l-U(J)-Y(J)) 

201 K1=(W3(J)/(U(J)*D*W2)) 

205 K2=(Y(J)/(D*W3(J)*W2)) 

230 K1T=K1T+K1 
240 K2T=K2T+K2 
245 MR(J)=((A(J)*Co)/(m*Mo)) 
250 NEXT J 
260 K1A = (K1T/J) 
270 K2A=(K2T/J) 
280 PRINT "THE AVERAGE EXPERIMENTAL K1=";K1 A 
290 PRINT "THE AVERAGE EXPERIMENTAL K2=";K2A 
295 FOR J= DA TO DA 
300 PRINT "THE MAXIMUN FRACTION OF M+ 

UNCOMPLEXED=" ;U( J) 
310 PRINT "THE MAXIMUN FRACTION OF M+IN 1:1=";W3(J) 
315 PRINT "THEMAXIMUNFRACTI0N0FM+IN2:1=";Y(J) 
320 NEXT J 
316 REM THIS PART DOES THE NONLINEAR REGRESSION 
319 H=LOG (K1A)*.4342945# 
320 H=INT(H) 
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323 Min=10000000# 
325 REM THIS PART CALCULATES THE BEST FIT K1&2 
327 FORN=lTO(H+3) 
332 Z4= 10^H+1)/(10^N) 
333 K1NO=K10-Z5 
334 FOR K= 1 TO 15 
335 K1N(K)= Z4+K1N0 
336 REM THIS PART OF CALCULATES Vn. PLOTS OF Vn AND 
337 REM B(J) vs MOLE RATIO SHOW THE GRAPHICAL BEST 

FIT. 
338 FORJ=lTODA 
340 IF Q=0 THEN Yo(J)=0 
345 IFQ=0GOTO 355 
347 Uo(J)= 10^(-Vn(J)/59.16) 
352 Zlo= (l-(Uo(J)*R))^2 
353 Z2o= (l-Uo(J))'^2 
354 Yo(J)= (l-(Uo(J)*R)-((Zlo-Z2o)^5)) 
355 Ae= (Mo*KlN(K)) 
365 Beee=(Co*(A(J)/m))-Mo*(l+Yo(J)) 
365 Be= (KlN(K)*(Beee)+l) 
380 Ce=l-Yo(J) 
400 Fe=((Be^2)+(4*Ae*Ce))^.5 
410 Un(J)= (-Be+Fe)/(2*Ae) 
420 T=(LOG( Un(J))*.4342945#) 
430 Vn(J)=(T*(-59.16)) 
450 DEV = Vn(J)- B(J) 
455 SD= DEV*DEV 
460 SSD=SSD+SD 
465 W3o(J)=(l-Un(J)-Yo(J)) 
470 NEXT J 
563 KlNO=KlN(K) 
575 IF Min<= SSD THEN 590 
580 Mm=SSD 
582 K10=K1N(K) 
590 SSD=0 
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595 NEXTK 
597 Z5=(6*(10^H)/(10^N)) 
600 NEXTN 
601 FORJ=lTODA 
602 Klo=(W3o(J)/(Un(J)*D*Beee)) 
603 K2o=(Yo(J)/(D*W3o(J)*Beee)) 
604 KlTo=KlTo + Klo 
605 K2To= K2To + K2o 
606 NEXT J 
607 K10=(KlTo/J) 
608 K20=(K2To/J) 
650 PRINT "THE MIN SQR.S.D.="; Min 
660 PRINT "THE BEST nTKl=";K10;"THE BEST nTK2=";K20 
665 REM THIS PART OF THE PROGRAM PRINTS DATA OUT 

ON IMAGEWRITER PRINTER 
670 LPRINT"" 
672 LPRINT"" 
673 LPRINT TAB (37) "STABILITY CONSTANTS" 
688 LPRINT"" 
680 LPRINT TAB (5) "CROWN ETHER CONCN. =";TAB (35); Co; 

"M"; TAB (52); "CATION INITIAL CONCN.= " ; TAB(75);Mo; 
"M" 

690 LPRINT"" 
710 LPRINT TAB (5) "ASSUMED VARIABLE RATIO K2/KU"; 

TAB (35);Q;TAB (52);"CATION INITIAL VOLUME ="; TAB 
(75);m ;"mL" 

750 LPRINT"" 
760 LPRINT TAB (5) "EXPER. AVE. Kl="; TAB(20) KIA; 

"moles/L" ;TAB (52); "EXPER. AVE. K2="; TAB (68) K2A; 
"moles/L" 

777 LPRINT"" 
788 LPRINT TAB (5) "BEST FIT Kl="; TAB (20) K10;"moles/L"; 

TAB (52); "BEST FIT K2= "; TAB (68); K20;"moles/L" 
790 LPRINT"" 
792 LPRINT"" 
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793 LPRINT TAB (28)"[EXPERIMENTAL & BEST FIT 
MILLIVOLTS]" 

796 LPRINT "" 
800 LPRINT TAB (8)"V0L. CROWN ",TAB(42);"MOLE 

RATIO";TAB (70);"VOLTS (mV.)" 
819 LPRINT"" 
820 FORJ=lTODA 
lOlOLPRINT TAB (10) A(J);"mL";TAB (38);MR(J);TAB (64); 

"EXPER";TAB (72);B(J) 
1050 LPRINT TAB (64)"BEST FIT";TAB(72);Vn(J) 
1111 LPRINT"" 
1200 NEXT J 
1205 LPRINT"" 
1210LPRINTTAB (29)"[FRACTIONS OF 1:1 & 1:2COMPLEXES]" 
1215 LPRINT"" 
1220LPRINT TAB (10)"UNCOMPLEXED";TAB (46);"IN 1:1"; 

TAB(70);"IN1:2" 
1225 LPRINT"" 
1230 FOR J=l TO DA 
1240LPRINT TAB (3)"EXPER "; U(J); TAB (40) ;W3(J) ;TAB (64); 

Y(J) 
1265 LPRINT TAB (3)"BEST FIT";Un(J);TAB (40) ;W3o(J) ;TAB 

(64) ;Yo(J) 
1270 LPRINT 
1280 NEXT J 
1350 LPRINT 
1400 LPRINT TAB (25);"MIN. SQR. STAD. DEV.=";Min 
1500 END 

"«ii I I 
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