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ABSTRACT 

Proton-ionizable lariat ethers are crown ethers (macrocyclic 

polyethers) which possess a pendent addic group (carboxylic add, sulfonic 

add, phosphonic acid). Compared with neutral crown ethers, the proton-

ionizable lariat ethers have an important advantage that transfer of a metal 

ion into an organic medium in a separation process does not require 

concomitant transport of an aqueous phase anion. This factor is of inmiense 

importance for potential practical applications in which hard, hydrophilic 

aqueous phase anions, such as chloride, nitrate and sulfate, would be 

involved. 

Attachment of an alkyl group to the central carbon of the three-

carbon bridge on the polyether ring in sym-dibenzo-16-crown-5-oxyacetic 

acid gives rise to significant enhancement in the metal extraction 

selectivity. To explore the causative factors for this phenomenon, the 

synthesis of several series of proton-ionizable polyethers with structural 

variations which include the identity of the proton-ionizable group, the 

crown ether cavity size, and the length of the linkage which joins the 

proton-ionizable group to the polyether ring was undertaken. Synthetic 

strategies for the preparation of these proton-ionizable polyethers are 

described. 

Pre-organization of the binding site by intramolecular hydrogen 

bonding of the carboxylic acid function for sym-(R)dibenzo-16-crown-5-

oxyacetic adds, where R is an alkyl, alkenyl, alk5myl or aryl group, in 

homogeneous solution has been studied by ^H NMR spectroscopy, which 

utilized 2-D techniques as well as solvent-dependent and temperature 

xiv 



dependent measurements. Results of these conformational studies are 

supported by X-ray crystal structure determinations, as well as assodation 

constant measurements. 
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CHAPTER I 

INTRODUCTION 

Historical Background for Crown Ethers 

The first macrocyclic polyethers were reported by Liittringhaus^ in 

1937 as part of an investigation of medium- and large-sized polyether rings. 

For instance, he synthesized the 20-membered ring compound l b in low 

yield from reaction of the monosubstituted resodnol derivative l a with 

potassium carbonate in 1-pentanol as shown in Equation 1. 

KgCOj 

1-pentanol \ = . 
(1) 

l a l b 

In 1957, several acyclic polyethers, as well as cyclic polyether 2, were 

reported to dissolve small quantities of potassium metal and sodium-

potassium alloy to give unstable blue solutions of solvated electrons and 

solvated cations.2 

c : ! ) 



In 1967, Pedersen published the first practical syntheses of a variety 

of cyclic polyether compoimds as well as studies of the formation of stable 

complexes between the macrocyclic polyethers and salts of alkali and 

alkaline earth metal salts.^ Pedersen's synthesis of the bis[2-(Q.-

hydroxyphenoxy)ethyl] ether (3) from bi8(2-chloroethyl) ether and the 

monotetrahydropjrranyl catechol, which was contaminated with unprotected 

catechol, is shown in Equation 2. In addition to the desired product 3, a 

small amount of white crystalline solid with a silky, fibrous structure and 

aOTHP ^_^ ^_^ 1. n-BuOH, NaOH 

+ CI O CI 
/ -MJ 

»• 

OH ^ ^ ^ 2.H*,MeOH 

H H 
O O, oc; y^ ^ a: x^ (2) 

insolubility in hydroxylic solvents was obtained as a by-product. The 

structural determination of these unusual white crystals revealed several 

interesting chemical properties. Proton NMR (̂ H NMR) and IR spectra of 

this crystalline compound confirmed the absence of a phenol group. 

Although the compound was insoluble in methanol, it dissolved when 

sodium salts were added. Furthermore, the compound could be obtained in 



45 % yield when pure catechol was utilized^ in the synthesis of 4. Because 

it is very suggestive of a royal diadem, Pedersen applied the epithet 

"crown" to the first member of this class of macrocyclic polyethers."* 

Therefore, compound 4 was given the trivial name of dibenzo-18-crown-6. 

This unexpected result from the attempted synthesis of 3 led Pedersen to 

synthesize many other examples of macrocyclic compounds which are now 

known as "crown ethers." 

Metal Ion Complexation 

Compounds that can bind and transport cations are referred to as 

ionophores. These ionophores can be characterized as receptors which form 

stable, lipophilic complexes with charged hydrophilic species such as Na+, 

K"*", Ca2+, etc., and thus are able to trzmsfer them into lipophilic phases, for 

example across natural or artificial membranes. Occasionally, the 

processes of complexation and transport are highly specific. Many of the 

ionophores display an ability to discriminate between alkali metal ions of 

different size. The antibiotic valinomydn has a 10"̂  times greater affinity 

for K+ than for Na+.4 

Dunitz and co-workers investigated the crystal structures of 18-

crown-6 (5) and its K"̂ SCN" complex (6)^'^ and found that the host and its 

complex have different conformational organizations (Figure 1). The 

potential crown cavity of the host itself is filled with two inward-turned CH2 

groups and has a roughly rectangular structure. Thus the free host does 

not have a crown shape or a cavity. Only when the oxygens become 

engaged with a guest such as K"*" does a filled cavity develop. The presence 

of a guest in the complex induces the oxygen electron pairs to converge 



inward, giving a crown-shaped object. In other words, the guest 

conformationally reorganized the host upon complexation. As a result of 

this complex formation between a cation and £m organic complexing agent, 

the metal cation is captured in the center of the hydrophilic cavity which is 

endrcled by the electronegative oxygen atoms and becomes shielded by the 

hydrophobic portion of host molecule. 

D H o 0 : 0 O 

Figure 1. Reorganization of 18-Crown-6 upon Complexation 

Metal ion complexes of ionophores can be considered as host-guest 

complexes in which the guest entity is of spherical shape and entrapped in a 

cavity-like structure formed by the cyclic or open-chain host molecule. 

The cavity site can either be preformed to accept the metal ion 

without major conformational changes or it can adopt its final shape upon 

complexation of the cation with assodated structural rearrangement. In all 

cases, a mutual geometrical and topological fit between host and guest 

molecules is essential for adduct stabihzation, the adduct being in general a 

1:1 complex for the ionophore, as depicted in Figure 2. For some 

ionophores, cation complexes of other than 1:1 stoichiometry'^ have also 

been investigated in which the formation of "sandwich"-type arrangements 

such as 2:1 and even 3:2 complexes (polyether:cation)8 are favored because 



the cation is too large to fit into the cavity. On the other hand, when the 

macrocycle is large and flexible, an oversized host molecule may 

accommodate two metal cations in its cavity,^'l^ as showm in Figure 2. 

These structural features are maintained more or less by all the ionophores 

in their complexed forms. 

1:1 
2:1 

1:2 

3:2 

Figure 2. Variation of Host:Guest Complex Ratio 

The relative sizes of the polyether cavity and the cationic spedes are 

very important factors for determining the stoichiometry of the complexes. 

In Table 1 are listed the estimated ring sizes of common crown ethers and 

the approximate diameters of various metal cations. 



Table 1. Diameters of Common Crown Ether Cavities and Metal 
Cation8l2.l3 

Crown Ether 

12-Crown-4 

14-Crown-4 

15-Crown-5 

18-Crown-6 

21-Crown-7 

24-Crown-8 

Diameter of 
Cavity (A) 

1.2 

1.2-1.5 

1.7-2.2 

2.6-3.2 

3.4-4.3 

4.5 

Metal 
Cation 

Li+ 

Na+ 

K+ 

Rb+ 

Cs+ 

Mg2+ 

Ca2+ 

Sr2+ 

Ba2+ 

Diameter 
(A) 

1.20 

1.90 

2.66 

2.96 

3.38 

1.30 

1.98 

2.26 

2.70 

The Template Effect 

The synthetic methodology for the preparation of crown ethers has 

been studied extensively.9' 14-16 One of the interesting points is that in 

some cases the S3nithesis of crown ethers results in unexpected high yields, 

even without the use of a high dilution technique. ̂ "̂  A cation catalyst, as 

depicted in Scheme 1 (path B), is considered to be the reason for the 

cydization efficiency. This kind of cydization assistance is called the 

"template effect." i® 
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Scheme 1. Mechanism of the Template Effect 

A dependence of the yield of 18-crown-6 on the nature of the cation 

indicates that the condensation is fadlitated by a "template effect" of the 

metal cation. When a potassium counterion for the base is used, the yield of 

18-crown-6 is increased compared with when other alkali metal ions were 

used. Green^ depicted this process as an appropriately sized metal ion 

drawing together the reacting ends of a crown ether precursor through 

electrostatic interactions between the metal ion and the etheral oxygen 

atoms. Sodium cation templating in 15-crown-5 synthesis and lithium 

cation templating in 12-crown-4 formation were reported by Liotta and co

workers. ̂ ^ In the absence of Li"*", no 12-crown-4 was produced. 
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The Gauche Effect 

In 1965, Mark and Foley20 pointed out that gauche placement of a 

-CH2CH2OCH2- fragment (Figure 3) results in repulsion between the 

terminal hydrogen atoms, which are only 1.8 A apart. The sum of van der 

Waals radii of the two hydrogens is 2.4 A.21 For comparison, 1.8 A is 

approximately the H»»*H distance in the boat form of cydohexane, while 

the H*»»H distance in eclipsed ethane is 2.29 A. Electron diffraction, as 

well as infrared, Raman, and microwave spectroscopic studies,22 show that 

a gauche arrangement at a C-C-O-C bond is less stable than anti by 

approximately 1 kcal/mole. The g and a in Figure 3 denote gauche and anti 

torsional angles, respectively. 

gauche 

Figure 3. The Preference of the Anti over the Gauche 
Conformation in Ethyl Methyl Ether 

On the other hand, another type of 1,4-interaction that exists 

between the heteroatoms affects gauche placements of E-C-C-E bonds 

(E=heteroatom) as shown in Figure 4. Extensive studies of 1,2-

disubstituted ethanes, cyclohexanes, and oxathianes have shown that the 

favorability of these E»»»E interactions depends on whether E is a first- or 



second-row element.20,23 For E = N, O, and F, dispersion forces (electron-

nuclear attraction) between the E atoms stabilize gauche placement of the 

E-C-C-E bond (the attractive gauche effect). In contrast, for E = S the 

greater size of the atoms causes larger electron-electron repulsion between 

them, which destabilizes the gauche conformation at the E-C-C-E bond (i.e. 

a repulsive gauche effect).24 

H, H, H 

H E 

gauche ^ , , ^ ^ anti 
E= N, O, or F 

Figure 4. The Gauche Preference in the E-C-C-E System 

The conformational effects at the C-0 and C-C bonds reinforce each 

other to influence the conformation. To achieve a cyclic structure, some 

bonds must assume a gauche conformation. In crown ethers, 1,4-

interactions favor gauche placements at 0-C-C-O bonds (attractive gauche 

effect), but disfavor them at C-C-O-C bonds and favor the anti conformation. 

Infrared spectroscopy indicates that even though the simplest model 

compound, 1,2-dimethoxyethane, has a range of conformational isomers 

including both gauche (7a) and anti (7b) conformations (Figure 5) in the 

liquid phase at +25 ^C, it adopts only the gauche conformation in the crystal 

at -195 oC.25-27 
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OCHa OCH3 

^ 0CH3 

gauche anti 
7a 7b 

Figure 5. Gauche and Anti Conformations of 1,2-Dimethoxyethane 

In the crystal, poly(ethylene oxide) adopts only gauche conformations 

about the C-C bonds with the expected anti preferences for the C-0 bonds.21 

The helical conformation shown in 8 results. Comparisons between 

empirical and calculated physical properties indicated that this is also the 

preferred conformation in solution. 

g 

8 

The gauche effect would appear to play a significant role in crown 

ether synthesis in proper situations. For instance, although it is not the 

most stable product thermodynamically, 12-crown-4 (2) is the major product 

formed22 from the cyclooligomerization of ethylene oxide (9) using BF3 as 

catalyst and HF as cocatalyst, as shown in Equation 3. 
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g a g 

, 1 JL, 'fl O BF3(Gas)/HF J^^ fl -H* * J, |1^ 

Dioxane 

9 y 

H 

M (3) 

_ g 
g a g 

10 

These observations suggest a mechanism for cyclooligomerization 

compatible with a helical shape for the growing oligoxyethylene chain (10), 

which brings the reactive centers into a good relative disposition for 

cydization after addition of the fourth ethylene oxide residue. 

Template effects can operate in conjunction with the gauche effect. 

Therefore, those two effects can work together to increase the rate of 

cydization by raising the probabilities that molecules are in favorable 

conformations and disposition relative to each other to react. 

Metal Ion Separation bv 
Transport across a Liquid Membrane 

Transport of metal cations across a liquid membrane is one of the 

most studied applications of crown ethers. Transport studies are often 

conducted in a "U-tube,"23 so-called because of its shape, as shown in Figure 
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Source Phase 

Magnetic Stirring Bar 

Receiving Phase 

Carrier in Orggmic 
Solvent (Membrane) 

Figure 6. Liquid Membrane Transport Cell (U-Tube) 

A liquid membrane is a liquid phase which separates two inmiisdble 

liquid phases. In a typical experiment, the lower half of the "U-tube" is 

filled with hydrophobic organic solvent such as chloroform. Water is placed 

in the two arms, one acting as a source phase and the other as a receiving 

phase. Chemical spedes may pass from the source phase through the 

membrane utilizing the crown ether as a carrier to the receiving phase. 

When the metal cation is transported, an anion must accompany it. The 

anion is often chosen to be UV-active or fluorescent so that either the source 

or receiving phase can be examined at intervals to determine the rate of 

appearance or disappearance of salt. A typical technique such as atomic 

absorption may be used to measure the change in cation concentration in 

one or both of the aqueous phases. 

Selective transport of a desired metal ion across an organic 

membrane can be generally illustrated as shown in Figure 7. The metal 

cations diffuse from the source phase into the organic membrane in which 
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they exist in the form of carrier complexes. The thermodjmamic driving 

force for transport is the entropy of dilution which results from the 

concentration gradient from one side of the membrane to the other. 

Aqueous Metal 
Ion Source Phase 

o 

o° 

Organic Phase Containing 
the Neutral Crown Ether 

Aqueous 
Receiving Phase 

Stage 1 

Stage 2 

CP o 
Stages 

Stage 4 

Metal Cations 

Oo 
Anions Mobile Carrier 

(i.e.. Crown Ether) 

Figure 7. Scheme for Selective Metal Ion Transport 

The overall mechanism can be thought of as a four-stage process: 

(Stage 1) the carrier diffuses to the membrane interface and combines with 

a complexible cation; (Stage 2) the complexed carrier diffuses across the 
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membrane layer with its counteranion; (Stage 3) upon emerging at the 

opposite membrane interface, the solute-carrier reaction is reversed as the 

adjacent aqueous solution is dilute and the complex dissodates; and (Stage 

4) the uncomplexed carrier diffiises back across the membrane. 

The carrier binds metal cations at the source phase-orgamic receiving 

phase interface and releases them of the organic phase-aqueous receiving 

phase interface as a result of the different cation concentrations in the two 

aqueous phases. The overall transport rate of the ion into the receiving 

phase decreases until the metal ion concentrations in the two aqueous 

phases are equal. The net result is the movement of an ion M+ across the 

membrane. 

Cation transport rates in the liquid membrane system are dependent 

on several factors: the concentration of spedes in the source phase and 

organic phase; the stirring speed; the type of cation and anion; identity of 

the organic carrier; and the interfadal surface area.^l 

Proton-Ionizable Crown Ethers 

The lipophilic exterior of a crown ether allows it to solubilize a metal 

cation in an organic medium. For a metal cation to be complexed by a 

crown ether, the anion must be present to maintain the electroneutrality 

necessary to have a stable complex in a non-polar organic solvent.33 If the 

anion is thiocyanate, picrate, perchlorate, or other soft anions, then a 

complex can form which is soluble in non-polar media. This allows cation 

extraction from an aqueous phase into an organic phase. However, most 

real world situations (i.e., the process chemical industry) involve hard 

anions such as chloride, sulfate, and nitrate, which have poor solubility in 
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organic media. Thus the complex tends to remain in the aqueous phase.^' 

36 

This potential problem can be solved by modification of the mobile 

organic carrier through addition of addic functionalities. Some possible 

substituents are carboxylic add, sulfonic add, and phosphonic add groups. 

Proton-ionizable crown ethers are ideal carriers for selective 

transport of metal cations across organic liquid membranes. The use of a 

proton-ionizable crown ether allows proton-coupled transport in which the 

cation is transported from a basic aqueous source phase to an addic 

aqueous receiving phase across an organic membrane phase. A schematic 

representation of the mechanism is presented in Figure 8. The overall 

mechanism can be thought of as a four-step process: (Stage 1) the carrier 

selects and captures a desired cation from the source phase, after being 

deprotonated by the basic aqueous source phase; (Stage 2) the complex 

diffuses through the solvent membrane to the receiving phase; (Stage 3) the 

complex reacts rapidly with a proton and releases the cation to the receiving 

phase; and (Stage 4) the carrier migrates back across the membrane. The 

overall result of this process is the transport of a metal cation from the 

source aqueous phase to the receiving aqueous phase with back transport of 

a proton. 
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Figure 8. Metal Ion Transport Using a Proton-ionizable Mobile Carrier 

Proton-ionizable crown ether 11 (Figure 9) was reported by Cram and 

co-workers.^^ The inward-fadng carboxylic add group of the ligand acts, 

after proton removal, as an internal counter-ion for a complexed metal ion. 

A solid-state structural determination of conformation of 11 shows that the 
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potential cavity within the molecule is filled with the carboxylic add 

residue.^1 Therefore, the complexation of a metal ion by 11 must be 

assodated with a major conformational reorganization in the host. 

OCHiX)^ 

r-O 

O O' 

11 12 13 

Figure 9. Early Proton-ionizable Crown Ethers 

Modification of the pendent arm by insertion of spacer groups 

between the crown ether ring and the carboxylic add residue results in 

enhancement of guest complex formation.42 Proton-ionizable crowm ethers 

12 and 13 which involve carboxylic add side groups were among the first 

examples of cyclic polyethers with an ionizable arms of suffident length to 

allow interaction with a cavity complexed metal ion.43 

Investigations of metal extraction have revealed that a lipophilic 

alkyl group must be attached to simple crown ether carboxylic acids to 

retain the extraction agent in the organic phase .^ The extraction of alkali 

metal cations from aqueous solutions into chloroform was shown to be 

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

16-crown-5 carboxylic add analogs 14-16 are structural isomers which 

exhibit dramatic changes in extraction selectivities of metal ions as shown 

in Figure 10.^5 
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Figure 10. Variation of Attachment Site of the Lipophilic Group.̂ ^ 
Concentration of Complexing Agents and Metal Ions the 
Chloroform Phase versus the pH of the Aqueous Phase for 
Competitive Extractions of 0.25 M Alkah Metal Ions with 14, 
16, and 16 (complexing agent concentration X 102; metal ion 
concentration X 10^; filled square=complexing agent; open 
drcle=sodium; open square=potassium; open triangle 
=rubidium; filled drcle=cesium; open inverted triangle 
=lithium) 
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For competitive solvent extraction of alkali-metal cations from an 

aqueous solution into an organic solvent, the attachment of an alkyl group 

to the central atom of the three carbon bridge in 16 facilitated Na"̂  

extraction.^5 increases in the efficiency and selectivity of Na"̂  complexation 

by 16 have been attributed to steric interactions, which orient the pendent 

ionizable side arm over the polyether cavity and preorganize the metal ion 

binding site. 

/ Due to the attachment of lipophilic groups, the loss of crown ether 

carboxylic acid from the organic medium into the aqueous phase was 

prevented. However, to achieve the best extraction of metal ions into an 

organic phase using these lipophilic ionizable crown ethers and to produce 

the ionized form of the crown ether carboxylic add, the source aqueous 

phase must be a quite alkaline solution (pH 9-10). This requirement limits 

the potential of these crown ethers for appHcation in the separation of metal 

ions from acidic water sources. lonizable crown ethers which possess more 

acidic pendent functional groups, such as phosphonic and sulfonic acids, 

could be used to solve this problem."*^ ^ 

Statement of Research Goals 

Metal ion complexation and transport by various macrocyclic and 

acyclic polyether complexing agents have been studied extensively since 

Pedersen's publications. The exploratory investigations of these synthetic 

macrocyclic compounds have focused mainly upon achieving high affinity 

and high selectivity for given metal ions. 

One aspect of this dissertation deals with the synthesis of new 

lipophilic macrocyclic compounds with a proton-ionizable group to study the 
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effect of structural variation ui>on the efifidency and selectivity of metal ion 

complexation. I Structural variations within the proton-ionizable polyethers 

involve: (1) the nature of the polyether system (i.e., cyclic or acyclic); (2) ring 

size variation for the cyclic polyethers; (3) the length of the "arm" which 

connects the crown ether ring and the ionic functional group; (4) the 

identity of the ionic group (carboxylic, sulfonic, phosphonic add); and (5) the 

nature of the lipophilic group which is necessary to retain the ionized crown 

ether in the organic phase during solvent extraction. For example, the 

synthesis of a series of lipophilic crown ether phosphonic add monoethyl 

esters (17) is proposed, which would allow the influence of the lipophilic 

group attachment site upon the side arm length effect to be studied in 

solvent extractions of alkali metal cations. 

O 
11 

R^O(CH2)nPOH 

rS OEt 

17 

The second portion of this work involves a conformational study of 

cyclic and acyclic polyethers which bear a pendent carboxylic add group. 

Marked enhancement in Na+ extraction over the other alkali metal cations 

by sym-(alkyl)dibenzo-16-crown-5-oxyacetic adds 18 has been reported37-40 

when the alkyl group is attached to the same polyether ring carbon that 
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bears the ionizable side arm. To probe the effect of attaching an alkyl group 

R^^^^OCHaCOzH 

18 

geminal to the side arm on conformations for dibenzocrown ether carboxylic 

adds, a systematic conformational analysis study of dibenzo-16-crown-5-

oxyacetic adds both in solution and in the solid state is presented in this 

dissertation. 



CHAPTER n 

SYNTHESIS OF PROTON-IONIZABLE LARIAT ETHERS 

AND ACYCLIC POLYETHERS 

Results and Discussion 

Svnthesis of Crown Ether Carboxvlic Adda 

Lipophilic carboxylic acids have been utilized for the solvent 

extraction of alkali metal and cJkaline earth cations from aqueous solution 

as well as for the transport of these metal cations across bulk liquid 

membranes, pol3rmer-supported liquid membranes, and liquid surfactant 

membranes.35,43,44,47-49 Such proton-ionizable crown ethers possess the 

distinct advantage over neutral crown compounds in that transport of 

metal ions from the aqueous phase into an organic medium does not involve 

concomitant transfer of the organic phase anion. Recentiy, Bartsch and co

workers have reported the 83mthesis of novel ion-exchange resins by 

condensation polymerization of crown ether carboxylic acids with 

formaldehyde in formic add.^^'^^ 

The method used in this work to prepare an entire family of 

lipophilic proton-ionizable crown ether carboxylic adds is similar to that 

reported by Bartsch and co-workers.52 This synthetic strategy is presented 

in Equation 3 and involves the reaction of bromoacetic acid with sym-

(hydroxy)(R)-dibenzo-16-crown-5 compounds to give crown ether carboxylic 

adds 13 and 19-32. Structures of the crown ether carboxyhc adds prepared 

by this method are shown in Table 2. 

22 
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Table 2. Structural Variation of Crown Ether Carboxylic Adds 

Entry Compound R Yield (%) 
1 
2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

13 
19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

H 

CH3 

C2H5 
(CH2)2CH3 

(CH2)3CH3 
(CH2)5CH3 
(CH2)7CH3 

(CH2)9CH3 

C6H5 

CH(CH3)2 

CH2C(CH3)3 

CH=C(CH3)2 
C^C4H9 

C=CC6Hi3 

C=CC8Hi7 

82 
92 

91 

93 

89 
93 

95 

93 

90 

88 

76 

92 

94 

77 

84 

In the preparation of these crown ether carboxylic acids, KH (35 % 

dispersion in mineral oil) was washed with dry pentane then suspended in 

dry THF. This was followed by the addition of an appropriate crown ether 

alcohol dissolved in dry THF. After stirring for a brief period to allow 

deprotonation of the alcohol, a solution of bromoacetic add in dry THF was 
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slowly added at room temperature. Stirring for 6-10 hours at room 

temperature was suffident to complete the reaction. An aqueous add 

treatment and workup gave the desired products. According to the TLC 

analysis, further purification (e.g., by column chromatography) was not 

necessary. The use of KH rather than the NaH which had been employed 

previously53 gave substantial improvement in the effidency of this 

alkylation reaction. 

Assodation constants for interactions of anionic forms of several 

crown ether carboxylic adds prepared in this research with alkali metal 

cations in 90 % aqueous methanol have been evaluated by Ramesh and 

Bartsch using titration calorimetry.^^ One aspect of this investigation 

involves a series of sym-(R)dibenzo-16-crown-5-oxyacetic adds in which the 

R group was systematically varied. When R is H, the assodation constant 

values for Na+, K+, and Rb+ were 3.69, 3.27, and 2.63, respectively.54 

Strongest complexation of Na"*" is antidpated for a 16-crown-5 ring size 

When R is changed to a methyl group, stability constants for all three alkali 

metal cations increase markedly (Figure 11). Examination of a CPK space

filling model for compound 19 reveals that the oxyacetic add group will be 

oriented over one face of the polyether ring when the methyl group points 

away from the polar polyether portion of the molecule. When R is changed 

from methyl to ethyl, stability constants for Na+ and Rb+ drop slightly, 

whereas that for K+ increases slightly. Further elongation of the alkyl 

group produced little change in interaction wdth the alkali metal cations. 

To probe the influence of R upon the conformations of the sy m-(R)dibenzo-

16-crown-5-oxyacetic adds themselves conformational studies by Ĥ NMR 

spectroscopy and structural determination in the solid state have also been 
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conducted. The results of these investigations will be discussed in Chapter 

m. 

O 

CnHan+i^OCHgCOgH 

a::o 

0 2 4 6 8 10 0 2 4 6 8 10 

Numbers of Carbons in Alkyl Chain 

Figure 11. Influence of R Group Variation in sym-(R)Dibenzo-16-
crown-5-oxyacetic Adds upon Assodation Constants for 
Alkali Metal Cation Complexation in 90 % Aqueous 
Methanol 

Crown ether alcohol precursors 34-44 of the crown ether carboxylic 

adds 19-32, were synthesized as shown in Table 3. The Grignard reagent 

was prepared from the reaction of the appropriate alkyl bromide with 



26 

a° °30 "̂ '̂  a° °o 
^ ^ " ^ O O^^^^ 2)NH4a ^^^^O O " ^ ^ 

33 

Table 3. Variation of the Alkyl Group for Grignard Reactions of Crowm 
Ether Ketone 33 

Entry 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

Compound 

34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 

R 

CH3 
C2H5 
(CH2)2CH3 
(CH2)3CH3 
(CH2)5CH3 
(CH2)7CH3 
(CH2)9CH3 
C6H5 
CH(CH3)2 
CH2C(CH3)3 
CH=C(CH3)2 

Yield (%) 

92 
89 
92 
90 
88 
91 
90 
84 
88 
29 
86 

magnesium turnings dissolved in dry THF followed by addition of crown 

ether ketone 33 in dry THF. The reaction solvent was THF rather than 

diethyl ether, a more customary solvent for Grignard reactions, due to the 

greater solubility of the crown ether ketones in THF. 

In the preparation of 34, low solubility of methylmagnesium iodide in 

THF resulted in a low yield. To drcimivent this problem, a mixture of THF 

and diethyl ether (1:1) was used. To the gray suspension of the Grignard 

reagent, a THF solution of crown ether ketone 33 was carefully added in 
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dry THF. After workup and isolation, the desired product 34 was obtained 

in 92 % yield. 

Yields of these Grignard reactions were greater than 84 % in all 

cases except with 43 for which the yield was only 29 %. After reaction and 

workup, thin layer chromatography (TLC) analysis indicated that a 

considerable amount of the unreacted crown ether ketone 33 remained in 

the reaction mixture. Perhaps the Grignard reagent (2,2-

dimethylpropylmagnesium bromide) is too bulky to allow ready approach 

the carbonyl carbon of 33. After an examination of CPK (Corey-Pauling-

Koltun) space-filling models, it is evident that compound 43 which 

possesses a ferf-butyl group is sterically much more congested than the 

isopropyl analog 42. 

Problems also arose during the preparation of crown ether alcohol 

44. Although a mixture of l-bromo-2-methylpropene, magnesium turnings, 

and dry THF was refluxed overnight, the corresponding Grignard reagent 

was not formed due to the low reactivity of the vinyl bromide with 

magnesium turnings. As an alternative method, activated magnesium 

turnings were used as shown in Equation 4. To activate the magnesium 

turnings, a crystal of iodine was added to the magnesium turnings in dry 

THF and the mixture was agitated with ultrasonication until the color of 

the mixture changed from brown to turbid gray. With this modification, the 

Grignard reaction was successful and gave an 86 % yield of the desired 

crown ether alcohol. 
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To attach carbon spacers with sp-hybridized first and second carbon 

atoms to the central carbon of the three methylene-unit bridge in sym-

hydroxy(R)-dibenzo-16-crown-5-oxyacetic add, the preparation of crown 

ether alcohols 46-47 was performed. The synthetic strategy is shown in 

Table 4. 

R-C^H 

CzHsBr THF 
R—^is^ .OH 

O O^"^^ 2.NH4CI ^ ^ O O ' ' ^ ^ 

33 

Table 4. Variation of the Alkynyl Group by Grignard Reaction 

Entry 

1 

2 

3 

Compound 

45 

46 

47 

R 

C4H9 

C6H13 

CgHiT 

Yield (%) 

96 

94 

94 
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Bitalac^S reported obtaining compound 46 as a yellowish oil in 36 % 

yield when 1-hexyne was treated with ethylmagnesium iodide and then 

reacted with crown ether ketone 33. However in this work, the use of 

alkjmylmagnesium bromide prepared from the reaction of 1-hexyne with 

ethylmagnesium bromide gave crown ether alcohols 46 as white crystals in 

96 % yield. In the same manner, the preparation of 46 and 47 was carried 

out and provided 94 % jrields for both crown ether alcohols. In sym-

(alkyl)dibenzo-16-crown-5-oxyacetic adds, it has been proposed that when 

the lipophilic alkyl group is directly away from the polar polyether ring the 

pendent carboxylic add function is positioned directiy over the crowrn ether 

cavity.^2 jf this explanation were correct, a sterically demanding alkyl or 

aryl group, such as ^er^-butyl or 2,6-dimethylphenyl, might give even 

greater restriction of the carboxylic add containing side arm over the crown 

ether cavity than would a less bulky /i-alkyl group. To test this hypothesis, 

sterically bulky Grignard reagents terf-butylmagnesium bromide and 2,6-

dimethylphenylmagnesium bromide were reacted with crown ether ketone 

33 as shown in Scheme 2. 
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CH3-J—MgBr 
CH3 
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•^A .CH3 
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a: :̂  
50 

49 

Scheme 2. Self-Condensation via Grignard Reagent 

However, the syntheses of crowm ether alcohols 48 and 49 were not 

successful. Instead of produdng the desired products, a self-condensation 

product 60 was obtained in 54 % and 74 % yields, respectively. Thus, these 

bulky Grignard reagents did not act as conventional nucleophiles, but as 

bases to remove a hydrogen attached to an a-carbon of the crown ether 

ketone 33. Subsequently, the resultant crown ether enolate reacted with 
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crown ether ketone 33 to give compound 60. Spectral analysis of 60 (̂ H 

NMR, 13C NMR, IR, mass) and elemental analysis confirmed the structure 

of the unexpected product. 

Attachment of an alkyl group to the central carbon of the three 

carbon bridge of sym-(R)dib€nzo-16-crown-5-oxyacetic adds gives rise to a 

significant enhancement of the selectivity for Na"*" compared wdth the 

unsubstituted analog (see Figure 11). The enhanced complexation 

selectivity for Na"*" by compound 19 may be attributed to a pre-organization 

of the binding site which will be examined in more detail in Chapter III. To 

probe steric eflects on complexation behavior more fully, the synthesis of an 

analogue of 19 in which a second methyl group has been attached to one of 

the terminal carbon of the three carbon bridge of the crown ether carboxylic 

acid 19 was proposed. 

The proposed target molecule and retro-synthetic route are shown in 

Scheme 3. Crown ether carboxylic add 53 which has two chiral carbons 

would be prepared from crown ether alcohol 52 by reaction wdth 

bromoacetic add in the presence of base. The crown ether alcohol 52 could 

be prepared by a Grignard reaction of crown ether ketone 61 with 

methylmagnesium iodide. The a-methyl ketone 61 could be prepared by 

alkylation of the crown ether 33 using lithium diisopropylamide (LDA) at 

-78 OC. 
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Scheme 3. Proposed Retro-Synthetic Strategy for the Preparation of 53 
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The attempted alkylation of crown ether ketone 33 by treatment 

with LDA and iodomethane was unsuccessful, as shown in Figure 12. 

Instead of obtaining the desired product 51, self-condensation product 60 

was isolated in 76 % yield. In further attempts to obtain the desired 

product 51, the reaction temperature was varied. Addition of iodomethane 

at -78 ^C gave none of the desired product. At -45 ^C, only self-

condensation product 60 was evident. The structure of this product was 

confirmed by use of ^H NMR, l^C NMR, and IR spectroscopy, mass 

spectrometry, and elemental analysis. Addition of iodomethane at 0 Ĉ 

provided only the self-condensation product. To drcumvent this problem, 

the synthetic strategy for preparation of the target molecule was altered. 
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Figure 12. Preference of Self-Condensation over Alkylation 

The alternative synthetic route shown in Scheme 4 was developed. 

As the initial step, epoxidation of the commerdally available starting 

material 3-chloro-l-butene (64) with m-chloroperoxybenzoic add (mCPBA) 

gave 3-chloro-l,2-epoxybutane (65) in 91 % yield. Cydization of bisphenol 

66 by reaction with NaOH and epoxide 55 in a mixture of THF and water 

(1:1) as solvent provided the asynunetric crown ether alcohol 57 in 31 % 

yield. Since compound 67 has two chiral carbons, TLC spots with Rf values 

of 0.4 and 0.5 on silica gel with ethyl acetate: hexane (1:1) (7:3 ratio on ^H 

NMR integration) were noted for the two stereoisomers. 
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Scheme 4. Synthetic Route for the Preparation of cis-68 
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Oxidation of crown ether alcohol 67 with Jones reagent provided 

crown ether ketone 61 in 74 % yield. The Grignard reaction of 51 with 

methylmagnesium iodide gave crown ether alcohol 52 in 87 % yield. The 

IH NMR spectrum of compound 52 revealed that crude 52 before 

chromatography was a mixture of two isomers in a ratio of 2:1 by 

integration. By TLC analysis on a silica gel plate with ethyl acetate as the 

eluent, spots with Rf values of 0.40 and 0.43 were noted for the two 

stereoisomers. Attempted separation of these two stereoisomers by colimin 

chromatography on either silica gel or alimoina was unsuccessful. Only a 

small portion of first fi-action (Rf = 0.43) was separable. The use of radial 

thick-layer chromatography for this separation gave greater success than 

did colunm chromatography. One pure stereoisomer was obtained in 17 % 

yield. Unfortunately, the isolation of the pure second isomer was 

unsuccessful. To clarify the structure of the pure stereoisomer, a Nuclear 

Overhauser Effect (NOE) experiment was conducted, but the results were 

inconclusive. However after alkylation of the crown ether alcohol with 

bromoacetic acid, crown ether carboxylic acid 53 was shown to be the cis-

isomer (vicinal methyl and oxyacetic acid groups cis) by an NOE 

experiment. Therefore, the stereochemistry of the precursor crown ether 

alcohol 62 must also be cis. Crown ether carboxylic acid cis-63 was 

obtained in an 87 % yield from alcohol 52 and was subsequently esterified 

to give cis-68 in 93 % yield. 

Results for the NOE experiment which identified 63 as the cis isomer 

are shown in Figure 13. The IH NMR spectnmi (A) of 53 is consistent with 

that expected for crown ether carboxylic acid 63. An AB splitting pattern 

for Ha and Hb is seen at 4.77 and 3.87 ppm, respectively, as two doublets 
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with a 10 Hz geminal coupling constant. Such AB patterns will be 

discussed in more detail in Chapter HI. Another set of AB splitting pattern 

signals is seen at 4.22 and 4.68 ppm and corresponds to the diastereotopic 

hydrogens He and He' with a 16 Hz geminal coupling constant. It should be 

noted that hydrogens He and He' in sym-(methyl)dibenzo-16-crown-5-

oxyacetic acid (19) showed only a singlet peak. Therefore, He and He' are 

magnetically equivalent in 19. An examination of CPK model for cis-53 

indicates that when the methyl group (Hg) is placed in a pseudoequatorial 

orientation, serious steric interactions between He (or He') and the methyl 

group exists, which produces magnetically different environments for He 

and He'. 

NOE spectra (B-H) in Figures 13 were obtained for compoimd cis-53. 

Irradiation at 0.92 ppm (He) (Spectrum B) enhances the peak for Hf which 

shows that hydrogens Hf and H© are fairly close to each other. Similarly, 

irradiation at 1.52 ppm (Hf) (Spectrum C) increases the absorption for H©. 

From these results, it is clearly impossible for both of methyl groups to be 

placed in pseudoaxial positions. NOE spectra E and G provide convincing 

evidence for the cis-isomer. If the methyl group (Hg) were placed in a 

pseudoaxial position, the intensity of the He peak would not be affected by 

irradiation of the He or He' protons due to the long distance involved and no 

NOE peak for He would be seen. However, the presence of an NOE peak for 

He in Spectra E and G prove that the methyl group (He) is positioned in a 

pseudoequatorial orientation. Thus the stereochemistry of cis-53 was 

ascertained. 
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Figure 13. NOE Spectra of 63 by 300 MHz iH NMR 



38 

Irradiated at 
4.22 ppm. He or He* 

Irradiated at 
4.59 ppm, Hd 

4n«.«-,^>W.*,...aJv^ 

In^diated at 
4.68 ppm. He or He' 
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Figure 13. Continued 
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The IH NMR spectra for the cis-trans mixture (2:3) and pure cis-53 

are shown in Figure 14. The chemical shift difference value (AVAB) for He 

and He' in cis-63 is 148 Hz. However, when the methyl group is positioned 

trans to the carboxylic acid functional group (^ra7is-53), the AVAB value for 

He and He' dramatically decreases to 19 Hz. This indicates that compound 

cis-63 is more congested than ^rans-63 with respect to hydrogens He and 

He' and the methyl group (He). 

Enhanced complexation strength of sym-(methyl)dibenzo-16-crown-5-

oxyacetic acid (19) for Na* relative to sym-dibenzo-16-crown-5-oxyacetic 

acid (13) has been attributed to pre-organization of the binding site. This 

pre-organization may be assisted by intramolecular hydrogen bonding 

between carboxylic acid group and an oxygen of crown ether linkage. Such 

hydrogen bonding would contribute to the magnetic non-equivalency of 

hydrogens He and He' in c i s -63 . To probe this possible role of 

intramolecular hydrogen bonding for crown ether carboxylic acid 53, the 

corresponding ethyl ester 68 was prepared and its IH NMR spectrum was 

taken. For ethyl ester cis-68 there is no possibility for intramolecular 

hydrogen bonding. For the cis-58 The chemical shift difference value 

(AVAB) for He and He' decreases remarkably to 14 Hz in comparison to a 

value of 148 Hz for cis-63. 
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Stability constants for complexation of alkali metal cations by the 

ionized forms of crown ether carboxylic acids 19 and cis-63 in 90 % aqueous 

methanol were determined by titration calorimetry by Ramesh and 

Bart8ch54 and are presented in Table 5. These data show that the 

introduction of a second methyl group into 19 to give cis-53 seriously 

inhibits complexation of the alkali metal cations. Perhaps this can be 

attributed to steric congestion in cis-63 

CHa^^OCHgCOzH 

a: :)5 
Table 5. Change of Stability Constants with R group Variation 

19 

cis-63 

R 

H 

CH3 

Na+ 

4.69 

2.40 

log 
K+ 

3.56 

2.19 

K 
Rb+ 

3.22 

a 

Cs+ 

2.35 

a 

a Heat was too small for calculation. 

To study the variation in metal ion complexation behavior with 

respect to increasing the side arm length in crowTi ether carboxylic adds, a 

structural variation of changing the length of the side arm which joins the 

proton-ionizable group to the crown ether ring was desired. In the series of 

dibenzo-16-crown-5 carboxylic acids 19, 69, and 60, the number of 
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methylene-unit spacers in the side arm is systematically varied from 1 to 3 

as shown in Figure 15. 

H3CI 0(CH2)nC02H 

n 

a: 130 si 
Figure 15. Structural Variation by Changing the Side Arm Length 

sym-(Methyl)dibenzo-16-crown-5-oxyacetic acid (19, n=l) was 

prepared by reaction of the corresponding crown ether alcohol with 

bromoacetic acid in the presence of KH (35 % dispersion of mineral oil) in 

dry THF as described earlier. 

The synthetic route utilized for the preparation of crown ether 

carboxylic acid 59 with the n=2 spacer is shown in Scheme 5. The initial 

step for preparation of 69 was a reduction of crown ether carboxylic add 19 

with LiAlH4 in dry THF to give crown ether alcohol 61 in nearly 

quantitative 3rield. Subsequent reaction of 61 with methanesulfonyl 

chloride in the presence of triethylamine in dichloromethane provided 

mesylate 62 in 90 % yield. The crown ether mesylate 62 was reacted with 

sodiimi cyanide in DMSO as solvent at 45 Ĉ to give the crown ether nitrile 

63 in 60 % yield. When the reaction was carried out at 90 ©C in DMSO, the 

primary product was sym-(hydroxy)(methyl)dibenzo-16-crown-5 (34), which 

was obtained in 57 % yield. Formation of this decomposition product is 

proposed to proceed via a reverse Michael-type elimination as shown in 
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Figure 16. It is imperative that the temperature be maintained in the 40 to 

50 Ĉ range for the preparation of 63 since the nitrile decomposes rapidly at 

60 Ĉ or higher. The reaction can be conveniently monitored by thin-layer 

chromatography. 

O 

ClT^ ° V > LiAlH4 <V° °Y^ MsCl Et: 

19 61 (95 %) 

O^O O y ^ NaCN ("̂ ^N^̂  ^ Y ^ HCl (g) 

' ^ o O ^ ^^o^^ ^ O O ^ ^ ^ O " 

ij "̂ -̂  ô3 
62 (90 %) 63 (60 %) 

a: yS^r-a: :i5 
<.„J ""^ ^„J 
64(65%) 59 (88%) 

Scheme 5. The Synthetic Route for the Preparation of Crown Ether 
Carboxylic Add 69 
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Figure 16. Reverse Michael-Type Elimination 

Esterification of 63 with anhydrous HCl in methanol for 24 hours 

following a procedure reported by McDonough,56 gave crown ether ester 64 

in 65 % yield. Basic hydrolysis of 64 at room temperature for 30 minutes, 

gave the crown ether carboxylic add 60 in 88 % jdeld. However when the 

basic hydrolysis was conducted at reflux for even 10 minutes, a mixture of 

crown ether carboxylic add 60 and crown ether alcohol 34 was obtained in 

36 and 59 % yields, respectively. Thus the reverse Michael-type reaction is 

a complicating reaction when higher temperatures were utilized in the 

preparation of both nitrile 63 and carboxylic add 59. 

The synthetic route for preparation of crown ether carboxylic add 60 

which has three methylene groups in the side arm is presented in Scheme 

6. The preparation of 60 was utilized the reaction of crown ether alcohol 34 

with KH then allyl bromide in THF, which gave a 92 % yield of allyl ether 

66. The conversion of 66 to crown ether alcohol 66 followed a procedure 

which has been reported by Groo.5'7 Hydroboration of 65 with boron 
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Scheme 6. Synthetic Route for the Preparation of 60 

trifluoride and NaBH4 in THF followed by oxidation with hydrogen 

peroxide in the presence of NaOH provided crown ether alcohol 66 in 53 % 

yield. After reaction of the alcohol with methanesulfonyl chloride, 
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subsequent reaction of crown ether mesylate 67 with sodium cyanide at 90 

OC gave the corresponding nitrile 68 in an 84 % yield. In this case the 

reverse Michael-type reaction (Figure 16) was not seen due to the absence 

of the driving force for an elimination reaction. Esterification of 68 gave 

crown ether ester 69 in 94 % yield followed by basic hydrolysis at room 

temperature for one hour provided the target crown ether carboxylic add 

60 in 92 % yield. 

The influence of side arm length upon complexation of Na* and K"*" 

by the crown ether carboxylates in 90 % aqueous methanol has been 

determined by titration calorimetry by Ramesh and Bartsch.^ Results are 

shown in Figure 17. Assodation constant values (log K) for Na+ are 4.67, 

4.17, and 2.70 when n is varied from 1 to 2 to 3, while those for K+ are 3.56, 

3.78, and 2.38, respectively. Clearly the largest differentiation between 

complexation of Na^, the cation which should give the best fit within the 

dibenzo-16-crown-5 ring cavity, and potassium is obtained for n=l. 

Examination of CPK space-filling models shows that when n=l the 

carboxylate anion may be positioned directiy over the crown ether cavity to 

give a preorganized binding site for Na"*". When n=2 and 3, the side arm is 

too long to allow for this optimal positioning of the ionized side group. 
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Figure 17. Variation of Side Arm Length in Carboxylates versus 
Strength of Complexation for Sodium and Potassiimi 

To probe the influence of ring size variation within crown ether 

carboxylic acids upon the effidency and selectivity of solvent extractions of 

alkali metal and alkaline earth cations, the syntheses of a series of crown 

ether carboxylic add with a common carboxylic add containing side arm 

and dibenzo-15-crown-5, dibenzo-18-crown-6, and dibenzo-21-crown-7 ring 

were proposed. The specific structures proposed are shown in Figure 18. 
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Figure 18. Variation of Ring Size 

To obtain this series of the proton-ionizable crown ethers with the 

systematic structxiral variation, the synthetic strategy shown in Figure 19 

was utilized. A bisphenol is cyclized to form a protected crown ether alcohol 

by reaction with a dimesylate containing a protected hydroxymethyl group. 

For this cydization, cesiimi carbonate was utilized as the base. Cesiimi-

assisted S3nithesis of crown ethers with aromatic subunits has been studied 

and developed by Bartsch and co-workers and other researchers^® and 

found to provide superior cydization yields to other alternative synthetic 

routes (the so-called "cesiimi efifect").̂ ^ 

/—OR 

/ \ MsO OMs CP%CN ^ ^ ^ O O ^ ^ ^ 

Figure 19. A Synthetic Strategy for CycHzation 

A multi-step procedure for the preparation of the dibenzo-15-crowrn-5 

carboxylic add 70 is summarized in Schemes 7 and 8. The three-step 
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83mthesis of a key intermediate 76 is outlined in Scheme 7. Using reported 

procedures,^^ conmierdally available Solketal was alkylated with benzyl 

chloride in the presence of potassium hydroxide, then the isopropylidene 

gproup was removed via add hydrolysis to give diol 75. Reaction of 75 with 

methanesulfonyl chloride in the presence of triethylamine gave 76 in a 

qusmtitative yield. 

^̂  1 KOH V — 
^X° BnCl ^ X ^ 

73 74 (87%) 

OBn ^ OBn 

1 1.5NH2SO^ 

1 1 
OH HO 

75 (77%) 

MsCl, Et3N ^ 

CH2CI2 

1 1 
Ms- 0 0 - Ms 

76 (98%) 

Scheme 7. Synthetic Route for the Preparation of Dimesylate 76 

Utilization of 76 in the desired cydization is presented in Scheme 8. 

When dimesylate 76 was reacted with bisphenol 66 and cesium carbonate 

in acetonitrile as solvent crown ether 77 was obtained in 31 % yield, which 

was the best yield from several attempts. It is surmised that an S N 2 

reaction by the phenoxide ion nucleophile might be difficult because one of 

the mesylate groups in 76 is secondary. Removal of the benzyl protecting 

group by catalytic hydrogenation of 77 gave crown ether alcohol 78 in 

nearly quantitative yield. Reaction of 78 with KH and bromoacetic add in 

THF provided crown ether carboxylic add 70 in 97 % yield. 



OH HO, 

56 

OH 

a: :x) 
78 (96%) 

76. CS2CO3 

CH3CN a: lo 
77 (31%) 

OCH2CO2H 

KH, BrCH2C02H 
m 

THF 

70 (97%) 

H2, Pd-C 

EtOH 

PTSA 

EtOH 

Scheme 8. Synthetic Route for the Preparation of Crown Ether 
Carboxylic Add 70 
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The S)mthesis of the dibenzo-18-crown-6 carboxylic add 71 is outlined 

in Schemes 9 and 10. For preparation of intermediate 84, catechol was 

reacted with benzyl chloride in the presence of sodiima hydroxide in MeOH 

to give a monobenzyl protected catechol 82 in 57 % yield. To prepare 

epoxide 80, which would be a reactant in next step, a procedure reported by 

Ulbrich was followed.^l Reaction of benzyl alcohol with epichlorohydrin in 

the presence of boron trifloride etherate gave 80 in 41 % yield. 

Subsequently, reaction of compound 82 with 80 provided compound 83 in 

an 87% yield. 
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Scheme 9. S3mthesis of Intermediate 84 for Crown Ether 
Carboxylic Add 71 

Alkylation of 83 with bromoacetic acid in THF gave compound 84. 

Reaction of the add group in 84 with LiAlH4 provided compound 86 in 79 % 

yield. Tosylation of 86 with p-toluenesulfonyl chloride using pyridine as a 

base in dichloromethane gave tosylate 86 in 72 % yield. 

For the preparation of 87, reaction of the monoprotected catechol 82 

and NaH with 86 in THF was attempted. No reaction occurred after 

stirring for 24 hours at room temperature. Stirring for 24 hours at reflux in 

THF also gave no reaction. However, the use of DMF and stirring for eight 

hours at 80 ^C provided the desired product 87 in 58 % jrield. 
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Subsequently, catalytic hydrogenolysis of 87 with Pd-C catalyst in ethanol 

gave bisphenol alcohol 88 in nearly quantitative yield. 

84 LiAlHi aOBn 
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Scheme 10. Synthetic Route for the Preparation of 71 
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The key cydization reaction was conducted by reaction of 88 with the 

dimesylate of diethyleneglycol (89) and cesiimi carbonate in acetonitrile 

and provided crown ether alcohol 90 in an 87 % yield. Although both 

alcohol and phenolic groups are present in 90, only the latter are 

deprotonated by the cesium carbonate. Alkylation of crown ether alcohol 90 

with bromoacetic add in THF gave the desired carboxylic add 71 in only an 

11 % yield. 

Results for a series of attempts for the coupling of crown ether 

alcohol 90 with bromoacetic add imder various condition are sim^narized 

in Table 6. When ethyl bromoacetate was used as the alkylating agent 

Table 6. Variation of Reaction Conditions for Preparation of 71 

Entry 

1 

2 

3 

4 

5 

MH 

NaH 

NaH 

NaH 

NaH 

KH 

Alkylating 
Agent 

BrCH2C02Et 

BrCH2C02Et 

BrCH2C02H 

BrCH2C02H 

BrCH2C02H 

Solvent 

THF 

THF 

THF 

THF 

THF 

Time(h) 

24 

10 

24 

24 

24 

Temp. 

RT 

reflux 

RT 

reflux 

reflux 

Yield (%) 

0 

0 

0 

5 

11 

with NaH as the base, no product was obtained at room temperature (Entry 

1). The reaction temperature was increased to reflux with no effect (Entry 

2). No reaction was observed when bromoacetic add was used at room 

temperature with NaH (Entry 3). A small amount of the desired product 

was seen by TLC as the temperature was raised to reflux. Afl^r stirring for 
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24 hours at reflux, workup and isolation gave the desired product 71 in only 

5 % yield (Entry 4). A large amoimt of unreacted starting material crown 

ether alcohol 90 was recovered. The use of KH instead of NaH as the base 

gave 71 in a shghtly enhanced yield of 11 % (Entry 5). Thus the alkylation 

of 90 was found to be inefifident under a variety of conditions. Presumably, 

the alkoxide of 90 is stabilized by complexation of the metal ion within the 

crown ether cavity (Figure 20). This deactivates the crown ether alkoxide 

and results in an inefifident nucleophilic reaction with the alkylating agent. 

Figure 20. Inefifident Nucleophilic Reaction Due to Deactivation of Crown 
Ether Alkoxide by the Complexed Metal Ion 

The synthesis of the crown ether carboxylic add analog with a 

dibenzo-21-crown-7 ring completes the series. The preparation of 

dimesylate 93, which is needed for the ring closure, is depicted in Scheme 

11. Reaction of diol 76 with NaH and bromoacetic add in THF afforded 

dicarboxylic add 91 in an 86 % yield. Reduction of 91 using LiAlH4 in THF 

which gave diol 92 in very high yield yield was followed by mesylation with 

methanesulfonyl chloride in the presence of triethylamine to provide 

dimesylate 93 in 94 % yield. 
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Scheme 11. Synthetic Route for the Preparation of Dimesylate 93 

The cydization and side arm attachment reactions are sununarized 

in Scheme 12. A cydization of bisphenol 66 with dimesylate 93 in the 

presence of CS2CO3 gave crown ether 94 in 72 % yield. Debenzylation of 94 

wdth hydrogen and Pd-C catiJyst provided crown ether alcohol 95 in 90 % 

yield. Reaction of 95 with KH and bromoacetic add in THF afforded crown 

ether carboxylic acid 72 in 71 % 3rield. Unlike the preparation of the 

dibenzo-18-crown-6 analog 71 (Scheme 10), no difficulty was found in this 

coupling reaction. This indicates that the ring size of the alkoxide formed 

from crown ether alcohol 95 is so large that the nucleophilidty of the 

alkoxide is not reduced by metal ion complexation. 
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Scheme 12. Synthetic Route for the Preparation of Crown Ether 
Carboxylic Add 72 

For another project involving the preparation of crown ether 

poljmiers, ethyl esters of crown ether carboxylic adds 70, 71, and 72 were 

needed. Esterification of adds 70-72 with p-toluenesulfonic acid in ethanol 

gave the corresponding crown ethers 96-98 in yields of 88, 90, and 89 %, 

respectively. 

Svnthesis of Acvclic Polvether Carboxvlic Acids 

Open chain analogues of crowrn ethers have attracted considerable 

attention because of the advantages of facile S3mthesis, versatile variation 

of structure, inexpensive starting materials, and their rapid complexation 
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of metal cations.62 Their use as phase transfer catalysts^S and 

extractants^ are well-docimiented. 

The synthesis of a new generation of acyclic polyether carboxylic 

adds was proposed to allow for investigation of their complexation behavior 

toward alkali metal cations. Comparison of these results with those for 

complexation of alkali metal cations by crown ether carboxylic adds will 

probe the influence of an acyclic versus a cyclic polyether unit in the 

complexing agent. 

The preparation of precursor 2-alkyl-l,3-di(aryloxy)-2-propanols 107-

112 is summarized in Scheme 13. Reaction of phenol derivatives with 

NaOH and epichlorohydrin in a mixture of THF and water (3:7) as solvent 

was carried out under high dilution conditions. Progress of the reaction 

was followed by TLC, and the l,3-di(aryloxy)-2-propanols 99-102 were 

obtained in 52, 48, 67, and 70 % yields, respectively. Oxidation of alcohol 

99 using Jones reagent was performed. After workup, TLC analysis 

indicated that the desired product and several unidentifiable by-products 

were produced. The 3deld of ketone 103 was less than 30 %. Therefore, this 

oxidation was attempted with pyridinium chlorochromate (PCC) as the 

oxidizing agent. TLC analysis of the reaction mixture indicated a cleaner 

oxidation. After workup, the desired product was isolated in 54 % )rield. 

Oxidations of alcohols 100-102 with pjrridiniimi chlorochromate gave the 

corresponding ketone 104-106 in 3delds greater than 50 %. Acyclic 

polyether alcohols 107-112 which have alkyl groups ^emma/ to the alcohol 

function were prepared by the reaction of ketones 103-106 with the 

appropriate Grignard reagents in THF in 83, 86, 92, 93, 82, and 88 % 

3delds, respectively. 
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Scheme 13. Synthesis of Acyclic Polyether Alcohols 107-112 

Reactions of acyclic polyether alcohols 107-112 with bromoacetic add 

in dry THF gave acyclic polyether carboxylic adds 113-118 in 90, 77, 87, 77, 

91, and 91 % jdelds, respectively, as shown in Scheme 14. Methyl esters of 

the acyclic polyether carboxylic adds were also desired for comparison of 

the complexation behavior difiFerences between acyclic polyether carboxylic 

acids and their corresponding methyl esters. Esterification of carboxylic 

acids 113-118 using p-toluenesulfonic acid as a catalyst in MeOH gave 

methyl acyclic polyether carboxylates 119-124 in nearly quantitative yields. 

Many of the acyclic polyether and crown ether carboxylic adds 

described above have been polymerized with formaldehyde in formic add to 
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Scheme 14. Synthetic Route for the Preparations of Acyclic Polyether 
Carboxylic Adds and Their Corresponding Methyl Esters 

give chelating resins which possess not only ion-exchange sites but also 

proximate polyether sites for metal ion coordination.50 The alkali-metal 

cation sorption and column chromatography behaviors of these resins were 

investigated to probe the effect of the crown ether ring size and fiirther 

examine the influence of carboxylic add group positioning relative to the 

polyether subimit.^i It was foimd that both the acyclic versus cyclic nature 

of the polyether unit and the positioning of the pendent carboxylic add 

group with respect to the polyether unit played an important role in metal 

ion recognition.^5 
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Svnthesis of Crown Ether Phosphonic Adds and 
Phosphonic Add Monoethvl Esters 

Proton-ionizable crown ethers which possess a more addic pendent 

functional group, such as a phosphonic add, were targeted as the next 

generation of chelating agents. Such crown ethers with highly addic 

ionizable groups would allow metal extractions to be conducted from addic 

aqueous solutions. 

The sjmthetic strategy for the preparation of crowm ether phosphonic 

adds is shown in Equation 5. Since monoionizable crown ether phosphonic 

add monoethyl ester 124 could be subsequently converted into diionizable 

crown ether phosphonic adds 125, the synthesis of crown ether phosphonic 

add monoethyl esters 124 was the initial objective. 

OH O O 

OCHoPOEt R^ ^OCHzPOH 

OH (5) 

123 
124 125 

lodomethylphosphonic add monoethyl ester (129) was used as the 

alkylating agent for reaction with sym-(alkyl)(hydroxy)dibenzo-16-crown-5. 

Preparation of this compound^^ is shown Scheme 15. A neat reaction of 

diiodomethane with triethylphosphite gave diester 128 in 30-35 % yields. 

Hydrolysis of one ethyl group in 128 with NaOH in 95 % EtOH followed by 

addification provided 129 in nearly quantitative yield. 
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Scheme 15. Synthesis of Alkylating Agent 129 

The S5mthetic route for preparation of the entire family of crown 

ether phosphonic add monoethyl esters and corresponding phosphonic 

adds is presented in Scheme 16. Bartsch and co-workers '̂̂  have reported 

the synthesis of compound 131 by the following procedures. NaH (2.0 

nmiol, 35 % dispersion in mineral oil) was suspended in THF and 1.0 mmol 

of S3'm-hydroxydibenzo-16-crown-5 (130) was added. After stirring for two 

hours, 1.0 mmol of lodomethylphosphonic add monoethyl ester (129) in 

THF was added. The reaction mixture was stirred for five hours at room 

temperature then refluxed for 24 hours. After workup with addic 

treatment, the desired product 131 was obtained in an 18 % yield.67 
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Scheme 16. Synthetic Route for the Preparation of 
Crown Ether Phosphonic Adds 138-141 

In view of the low yield for this reported reaction, a study of the 

influence of reaction condition variation for this alkylation reaction was 

imdertaken. Results are recorded in Table 7. 
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Table 7. Alkylation of Crown Ether Alcohol 130 with 129 

Entry 

1 

2 

3 

4 

5 

Equiv.a of 
127 

1.0 

1.0 

1.5 

2.0 

2.0 

a Relative to 130. 

MH 
(equiv.)a 

NaH (2.0) 

NaH (2.0) 

KH (5.0) 

NaH (5.0) 

NaH (5.0) 

Solvent 

THF 

THF 

THF 

THF 

DMF 

Time(h) 

10 

12 

10 

10 

10 

Temp. 

rm. temp. 

reflux 

reflux 

rm. temp. 

80 OC 

Yield (%) 

41 

27 

64 

90 

12 

Room temperature reaction of crown ether alcohol 130 with 5 

equivalents of NaH and 1.5 equivalents of the alkylating agent 129 in THF 

gave the best yield (90 %, Entry 4). The use of dimethylformamide (DMF) 

as solvent at 80 ®C led to low yield (12 %) (Entry 5). Also, the reaction of 

130 with 1.0 equivalent of 129 and 2.0 equivalents of NaH provided low 

jdelds whether it was carried out at room temperature or reflux (Entries 1 

and 2). It was surmised that the hygroscopidty of lodomethylphosphonic 

add monoethyl ester 129 may be part of the problem. Use of an excess 

amount of sodium hydride would compensate for this difficulty. Another 

critical point of this coupling reaction is the reaction temperature. When 

the reaction was conducted at reflux, the color of the reaction mixture 

changed fi"om pale gray to deep brown which always led to low yield. 

Stirring of the reaction mixture at room temperature for 10 hours was 

suffident to ensure a complete reaction. The detailed experimental 

procedure for this coupUng reaction and workup is presented in Chapter IV 

(Experimental Section). Reaction of crown ether alcohols 130 and 34-39 
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with 129 in THF in the presence of 5.0 equivalents of NaH gave crown ether 

phosphonic add monoethyl esters in 131-137 in yields of 88-93 %. Reaction 

of the crown ether phosphonic add monoethyl esters 131-134 with 

bromotrimethylsilane in dichloromethane at room temperature followed by 

treatment wdth methanol gave the diionizable crowm ether phosphonic adds 

138-141 in very high 3deld8. 

A potential alternative approach for attachment of a phosphonic add 

group to the crowm ether framework in one step is shown in Scheme 17. 

Reac t ion of d ie thyl l odomethy lphosphona te ( 1 2 8 ) with 

bromotrimethylsilane gave lodomethylphosphonic add (142). However, the 

reaction of crowm ether alcohol 130 with NaH and 142 gave only a 5 % yield 

of 138. When KH was used instead of NaH, TLC monitoring indicated that 

no 138 was formed. Also, the variation of reaction temperature fi-om room 

temperature to reflux was ineffective. Prestunably, the low reactivity of 142 

is attributed to the low solubility of the diionic salt in THF. 

ICH2P-OCH2CH3 

OCH2CH3 

128 

OH 

l)(CH3)3SiBr 

CH2CI2 
2) MeOH 

O 
N 

ICH2P-OH 

OH 
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NaH 

THF 

130 

o 
a 

ICH2P-OH 
OH 

142 (quantitative) 

O 
I 

OCH2P-OH 

a: :G 
138 (5%) 

Scheme 17. One-Step Reaction for the Synthesis of 138 
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To allow the influence of side arm length upon metal ion 

complexation to be assessed, the series of crown ether phosphonic add 

monoethyl esters 132, 143, and 144 has been prepared. In this series of 

compounds, the number of methylene groups in the side arm is 

systematically varied fi-om one to two to three as shown in Figure 21. 

y 
H3C>^0(CH2),^POEt 

OH n 

a: ID ;« i 
Figure 21. Structural Variation of Side Arm Length 

Compound 132 with one methylene group was prepared by reaction 

of 5ym-(hydroxy)(methyl)dibenzo-16-crown-5 (34) with NaH and iodomethyl 

phosphonic acid monoethyl ester (129) in 90 % yield as described earlier 

(Scheme 16). 

The synthesis of related crown ether phosphonic acid monoethyl 

ester compoimds 145 and 146 was attempted by Bartsch and co-workers^® 

as shown in Figure 22. However, the desired product was not obtained in 

either reaction. 
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Figure 22. Attempted One-Step Reactions for Preparation of Crown Ether 
Phosphonic Add Monoethyl Esters 145 and 146̂ ® 

Based upon this experience, a different route (Figure 23) was 

proposed for the preparation of 1 4 3 and 1 4 4 . Thus sym-

(hydroxy)(methyl)dibenzo-16-crown-5 (34) was to be transformed into 

bromides 147 and 148, respectively. Reaction with triethylphosphite would 

produce crown ether phosphonic add diethyl esters 149 and 150, 

respectively, which would be hydrolyzed to the corresponding crown ether 

phosphonic add monoethyl esters 143 and 144, respectively. 
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Figure 23. Proposed S3mthetic Route for Elongation of the Side Arm 

The synthetic route for the preparation of crown ether bromide 147 

is shown in Scheme 18. Reaction of crown ether alcohol 61 with N-

bromosuccinimide, triphenylphosphine and pyridine gave bromide 147 in 75 

% yield. Subsequently, transformation of 147 into phosphonic add diester 

149 by an Arbuzov reaction's with triethylphosphite provided the desired 

product in an 81 % yield. 
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Scheme 18. Synthetic Route for the Preparation of 143 

Hydrolysis of crown ether phosphonic add diethyl ester 152 with 

NaOH in ethanol was unsuccessful. A variety reaction conditions were 

attempted with changes in reaction temperature and time and the 

concentration of NaOH. At reflux, alcohol 34 was the mainly primary 

product with no 143 evident. Reaction for seven days at 30 Ĉ provided a 
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trace amount of 152. Apparently, a reverse Michael-type elimination was 

taking place, as shown in Figure 24. 

OH 

o 
HaCv^ O— C h t — C - P(OEt)2 HaC^^ OH 

o 0>. .XX. ^>N^^0 Os 

r 
j t iv^ u — C h t — C - P(OEt)2 HaC^^ Ol 

a: :o —̂  a: :o 
Figure 24. Mechanism ofReverse Michael-Tj^e EUmination 

Recently, a synthetic method based upon the Mitsunobu reaction 

reported by Campbell'^^ for the high-yield syntheses of a nimiber of 

phosphonic acid monoalkyl esters. The Mitsunobu reaction is a mild and 

effective method which utilizes the redox chemistry of triphenylphosphine 

and a dialkyl azodicarboxylate to condense an addic reagent with primary 

and secondary alcohols."^^ The Mitsunobu reaction protocol (Equation 6) 

consisted of adding diisopropyl azocarboxylate (DIAD) to a solution of 

phosphonic acid monomethyl ester, triphenylphosphine, and the 

appropriate alcohol dissolved in THF. After esterification was complete, 

trimethylsilyl bromide (TMSBr) was added directly to the reaction mixture 

to effect the selective hydrolysis of the methyl ester and yield the desired 

phosphonic add monoalkyl ester. 
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The preparation of crowm ether phosphonic add monoethyl ester 143 

using this Mitsunobu reaction was conducted as shown in Scheme 19. An 

Arbuzov reaction of crown ether bromide 147 wdth trimethylphosphite gave 

phosphonate dimethyl ester 151 in 79 % yield. Unlike the reverse Michael-

type elimination shown in Scheme 18, the basic hydrolysis of crown ether 

dimethylphosphate 151 with NaOH at room temperat\u*e in 80 % ethanol 

gave monoester 152 in 74 % yield and only trace amount of alcohol 34 

(elimination product). At reflux, the reverse Michael-t)rpe reaction occurred 

and only the decomposition product 34 was seen by TLC. Reaction of 152 

with DIAD, PPha, and ethanol in THF provided a mixed diester. Addition 

of bromotrimethylsilane gave the desired crown ether phosphonic acid 

monoethyl ester 143 in an 86 % yield. 
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Scheme 19. Synthetic Route for the Preparation of Crown Ether 
Phosphonic Add Monoethyl Ester 143 

The competition between elimination and substitution for reaction of 

the crowm ether phosphonic add diethyl and dimethyl esters with NaOH at 

room temperature is shown in Figure 25. The elimination reaction is 

favored for the diethyl ester due to a reduced rate of nucleophilic attack at a 
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secondary carbon atom compared with the primary carbon atom of the 

dimethyl ester. 
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Figure 25. Competition between Elimination and Substitution Reactions 

Crown ether phosphonic add monoethyl ester 144 with three 

methylene groups in the side arm was synthesized in several steps as 

showm in Scheme 20. As an initial reaction, bromination of crown ether 

alcohol 66 with NBS and PPha with pyridine as base in dichloromethane 

gave crown ether bromide 148 in 74 % yield. Reaction of 148 with 

triethylphosphite afforded phosphonate diethyl ester 150 in 78 % yield. 

Subsequentiy, the basic hydrolysis of 150 with NaOH in ethanol at reflux 

provided the target molecule 144 in 91 % yield. 
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Scheme 20. Synthetic Route for the Preparation of Crown Ether 
Phosphonic Add Monoethyl Ester 144 

Crown ether phosphonic add monoethyl esters 132, 143, and 144 are 

a homologous series in which the nimiber of methylene groups between the 

polyether ring and ionizable group is varied from one to three. Assodation 

constants for interactions of the ionized forms of these complexing agents 

wdth alkali metal cations in 90 % aqueous methanol have been measured by 

Ramesh and Bartsch.^^ Assodation constants for complexation with Na"*", 

K"*", and Rb"*" cations are shown in Figure 26. The highest selectivity for 

Na"*" is found when the side arm contains one methylene group. Assodation 

constants for all three metal ions decrease as the side arm is lengthened to 

indude two and then three methylene units. Examination of CPK space

filling models indicates that in 132 the side arm is of appropriate length to 

position the ionized group directly over a metal ion complexed within the 
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polyether cavity. Lengthening of the side arm to indude a second and third 

methylene group is detrimental to this optimal arrangement. 

o 
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CH3^0(CH^nP-0Et 

a : DO 
132 
143 
144 

n 
1 
2 

3 

2 3 1 2 3 
Number of CH2 Groups 

Figure 26. Influence of Side Arm Length upon Complexation Behavior 

A homologous series of sym-bis[4(5)-^er^-butylbenzo]-16-crown-5-

oxyalkylphosphonic acid monoethyl esters has been synthesized and 

utilized in competitive solvent extraction of edkali metal cations from water 

into chloroform."^2 por another investigation, a larger-scale preparation of 

4-{sym-bis[4(5)-^er^-butylbenzo]-16-crown-5-oxy)butylphosphonic acid 

monoethyl ester (153) was needed. This complexing agent has four 
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methylene units in the side arm that connects the polyether ring and the 

ionizable group. The synthetic route is shown in Scheme 21. 
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Scheme 21. Sjmthetic Route for the Preparation of Crowm Ether 
Phosphonic Add Monoethyl Ester 153 

The preparation of 153 commenced with the cydization of bisphenol 

164 with NaOH and epichlorohydrin in methanol. The best yield obtained 

in several cydization reactions was 38 %. Alkylation of 155 using NaOH 

and 1,4-dibromobutane with tetrabutylammonium hydrogen sulfate as a 



phase transfer catalyst gave crown ether bromide 156 in 74 % yield. TLC of 

the product showed two spots with Rf values of 0.4 and 0.5 which is 

consistent with the presence of at least two structural isomers with 

different positioning of the terf-butyl groups on the benzene rings. Reaction 

of 156 with triethylphosphite at reflux gave 157 in an 80 % yield followed 

by basic hydrolysis with NaOH in aqueous gave the target molecule 153 in 

an 88 % yield. 

Svnthesis of Acvdic Polvether Phosphonic Adda 
and Phosphonic Add Monoethvl EstprR 

To probe the effect of changing from a cyclic to an acyclic polyether 

ring, the synthesis of new acyclic polyether phosphonic adds and 

phosphonic add monoethyl esters was imdertaken. The synthetic route 

(Scheme 22) is similar to that which was utilized for the synthesis of the 

crown ether phosphonic adds and their monoesters. 

Reaction of secondary alcohols 101 and 102 with NaH and 129 in 

THF provided acyclic polyether phosphonic add monoethyl esters 158 and 

159 in 88 % and 76 % yields, respectively. These alkylation yields are lower 

than those which were achieved wdth cyclic polyether secondary alcohols. 

Phosphonic adds 160 and 161 were obtained in nearly quantitative yield by 

reaction of 168 and 159, respectively, wdth bromotrimethylsilane in 

dichloromethane followed by treatment with methanol. 
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Scheme 22. S5mthetic Route for the Preparation of Acydic 
Polyether Phosphonic Adds 160 and 161 

Synthesis of Cyclic ^nd Acyclic 
Polyether Svilfonic Acids 

Crowm ether carboxylic adds are effective in the solvent extraction of 

metal ions iinder neutral or basic conditions.^^ This limitation makes it 

impossible to use the compounds in the solvent extraction of those metal 
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cations which are soluble only in quite addic aqueous solutions. Since the 

sulfonic add function is much more addic than a carboxyhc add group,̂ -̂ -̂ ^ 

the synthesis of acycHc and cyclic polyether sulfonic adds was undertaken. 

The synthetic schemes for preparation of cyclic and acychc polyether 

sulfonic adds are sunmiarized in Scheme 23. Reaction of crown ether 

alcohol 34 with NaH and 1,3-propanesultone in THF gave 162 in 64 % 

yield. Similarly acyclic polyether alcohols 101 and 102 were treated with 

1,3-propanesultone to provide desired products 163 and 164 in 82 and 57 % 

3delds, respectively. 
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Scheme 23. Synthetic Routes for Preparation of Cychc and Acychc 
Polyether Sulfonic Adds 



CHAPTER m 

CONFORMATIONAL STUDIES OF 

PROTON-IONIZABLE LARIAT ETHERS 

Introduction 

Lipophilic macrocyclic polyethers with pendent carboxylic acid 

groups are effective and selective ligands for the solvent extraction and 

transport of alkali metal and alkaline earth cations across liquid 

membranes.35, 37-39 Compared wdth their neutral analogs, these proton-

ionizable lariat ethers have the important advantage that extraction of a 

metal cation into the organic medium does not require concomitant 

transport of an aqueous phase anion. 

Among the lariat ethers with pendent carboxylic acid fimctions, sym-

dibenzo-16-crowm-5-oxyacetic add (13) and its derivatives 19-25 (see Table 2 

and Figure 11) have been extensively studied and show pronounced 

selectivity for complexation of Na"*" over other alkali metal cations. It was 

found that the proton-ionizable ionophore 13 is of insufficient lipophilidty 

to remain completely in the organic phase when contacted with a highly 

alkaline aqueous phase. To avoid such complications in extraction 

behavior, a lipophihc group was attached to the central carbon of the three 

carbon bridge {geminal oxyacetic add and alkyl groups) on the polyether 

ring which was found to produce a significant enhancement in Na"̂  

selectivity over the other alkali metal cations.38,39 it has been proposed 

that the increased selectivity results from positioning of the ionizable group 

directiy over the crowm ether cavity. 

79 
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Thus, the enhanced extraction selectivity of sym-(alkyl)dibenzo-16-crown-5-

oxyacetic adds may be attributed to pre-organization of the binding site.'̂ S 

To probe the conformational effect of attaching a geminal alkyl 

group, a systematic conformational analysis study of dibenzo-16-crown-5-

carboxylic adds both in solution and in the soHd state was imdertaken. 

R^^OCH2C02H 

a::x5 
^ 0 ^ 

R 
AX. 

13 H 

19 CH3 

22 C4H9 

24 CgHi^ 

25 C10H21 

26 CgHs 

27 CH(CH3)2 

28 CH2C(CH3)3 

29 CH=C(CH3)2 

31 CsCC6Hi3 

H3C^^CH2)nC02H 

ari^o 
^oJ 

n 

19 1 
59 2 

60 3 

In this work, conformational analysis of compounds 13, 19, 22, 24-29, 

31, 59, and 60 in a series of organic solvents has been performed. Crystal 

structures of compounds 13 and 25 have been obtained. By comparison of 

the solution and solid state results, the influence of the attached geminal 

alkyl group upon conformational variations within the dibenzo-16-crown-5-

oxyacetic adds may be assessed. The influence of varying the length of the 

carboxylic add-containing side arm on solution conformations of 19, 59, and 



81 

60 was also probed. The NMR and X-ray studies are supported by 

calorimetric measm*ements of assodation constant values for complexation 

of alkali metal cations. 

In the IH NMR spectra of the lariat ether carboxylic acids, 

absorption peaks for geminal protons in different magnetic environments 

are discussed. When two protons attached to a carbon are in different 

magnetic environments, each will give rise to a separate absorption. The 

absorptions may be quite widely separated so that each absorption appears 

as an unsynmietrical doublet, giving an "AB splitting pattern." The origin 

of the AB pattern in an iH NMR spectrum is shown in Figure 26. In the 

AB splitting system which appears as two doublets, the coupling constant 

(ê Afi) is obtained directiy from the sparing within each doublet. However, 

no spedflc peak positions correspond to the chemical shifts because the 

inner peaks of each doublet are more intense. Therefore, the chemical 

shifts of the AB pattern are calculated by the "weighted average chemical 

shift" method.'^^ The AVAB value, the chemical shift difference in the AB 

splitting pattern, is calculated by use of the equation shown in Figure 27, in 

which 2C is the sparing between alternate peaks. 

20 J 

Ay AB i^'J) VZ 

m ^ 

20 

Figure 27. Prindple of the AB Splitting Pattern in an Ĥ NMR Spectrum 
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Results and rHsgif̂ pî n̂ 

The IH NMR spectra of sym-dibenzo-16-crown-5-oxyacetic add (13), 

19, and 25 in CDCI3 are presented in Figure 28. For sym-dibenzo-16-crown-

5-oxyacetic add (13), the methylene protons (He) in the side arm appear as 

a singlet at 4.48 with a relative area of 2.0. Interestingly, the signal for the 

four methylene (Ha and Hb) and one methine proton (Hd) of the three-

carbon bridge is a singlet at 4.29 with relative area of 5.0. The absence of 

spin-spin coupling requires that the methylene and methine protons have 

identical chemical shifts. To ascertain this rather unusual drcimistance 

with respect to the singlet, HOMO COSY and HETERO COSY spectra were 

taken in CDCI3 and are shown in Figures 29 and 30, respectively. In the 

HOMO COSY spectnmi, it is evident that there are no cross-correlations 

for Ha, Hb, and Hd- The HETERO COSY spectrum shows that the singlet 

for Ha, Hb, and Hd is coupled with two different t3rpes of carbons which 

exhibit absorptions at 79.6 ppm (C-6) and 71.4 ppm (C-5, C-7). 

For sym-(methyl)dibenzo-16-crown-5-oxyacetic add (19), the singlet 

for the methylene protons in the side arm is shifted downfield to 4.79. 

Absorption for the methylene protons on the three-carbon bridge appear as 

a widely spaced AB pattern wdth a chemical shift difference (AVAB) of 197 

Hz and a geminal constant of 10 Hz. Such non-equivalence of the 

methylene protons demonstrates that their interconversion by flipping of 

the three-carbon bridge is slow on the NMR time scale. Thus, introduction 

of a geminal methyl group into the three-carbon bridge of 13 causes a 

marked change in conformational flexibility. 

For sym-(decyl)dibenzo-16-crown-5-oxyacetic add (25), the Ĥ NMR 

spectrum dosely resembles that of 19. The chemical shift difference (AVAB) 
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is 205 Hz and the geminal constant is 10 Hz. Thus, a dramatic increase of 

the size of the geminal alkyl group from methyl to decyl produces only 

small changes in the NMR spectrum. 

Ha. Hb. Hd 

Chloroform-d 
1̂  

^ Hg O-CHCOjH 

13 

19 

a::o 

Figure 28. 300 MHz Ĥ NMR Spectra of Compovinds 13,19, and 25 in 
CDCI3 
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Figure 29. HOMO COSY Spectrum of Compound 13 in CDCI3 



85 

He 

Hd.^^0-CHC02H 

a:,:o 
•0-
13 C-6 

< : ^ 

Hi Hb Hj 

He 

JM 

'Deo 

C-5, C-7 

X iJ 

4 

M.e 77.8 78.0 71.S 7«.» «7.8 W.O M V * * 

Figure 30. HETERO COSY Spectrum of Compound 13 in CDCI3 
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To clarify the structural identification of the AB splitting pattern of 

Ha and Hb in sym-(methyl)dibenzo-16-crown-5-oxyacetic acid (19), HOMO 

COSY and HETERO COSY NMR spectra were taken in benzene-de and are 

shown in Figure 31 and Figure 32, respectively. In the HOMO COSY 

He 
O-CHCO^H 

H.2!!xi^H 

30 a' O O' 

e.j 
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Figure 31. HOMO COSY Spectrum of Compound 19 in Benzene-de 
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Figure 32. HETERO COSY Spectrum of Compound 19 in Benzene-de 
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spectrum, it is evident that diastereotopic hydrogens Ha and Hb shown at 

4.19 and 3.30 ppm, respectively, are coupled with each other. The 

HETERO COSY spectrum shows that a carbon peak shown at 73.1 ppm 

couples concurrentiy with the two hydrogens Ha and Hb-

Additional evidence for the geminal coupling protons of Ha and Hb in 

compoimd 19 is provided by the results of a spin-decoupling experiment 

which was conducted in benzene-de (Figure 33). Spin-decoupling, also 

known as called double resonance, is a imique technique which is used to 

simplify iH NMR spectra. It is useful in determining which spin-spin 

multiplets actually interact with one another, and also for locating signals 

that may be hidden or "buried" under other group signals. In the lower 

portion of Figure 33 is shown the Ĥ NMR spectnmi which was measured 

with simultaneous irradiation of the Ha proton (4.16 ppm). Under these 

conditions, the resonance of Ha collapsed and could not be observed. Since 

proton Hb is no longer coupled with proton Ha, signal becomes a singlet at 

3.30 ppm. 

To determine whether the doublet at 4.16 ppm was due to proton Ha 

(pseudoequatorial) or Hb (pseudoaxial) as shown in Figure 34, a Nuclear 

Overhauser Effect (NOE) experiment was conducted with sym-

(decyl)dibenzo-16-crown-5-oxyacetic acid (25) in benzene-de- The intensity 

is proportional to the inverse of the distance between the nuclei raised to 

the sixth power. Irradiation at 5.00 ppm (He) gave enhancement of the 

absorption at 4.16 in the difference spectrum which is consistent with a 

shorter distance between He and Ha (pseudoequatorial) than that between 

He and Hb (pseudoaxial). Examination of CPK-space-filling model for this 
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compound, confirms that hydrogens Ha and He are considerably closer to 

each other than are Hb and He. 

He 
CH, O-CHCOjH 

a: ::o 

He 

JL 

He 

^^A_ 

±J\ 

Irradiated at 4.16 ppm (Ha) 

• M ^ J1U1LJLJA I_ 

Hb 

4.0 
n 
3.0 5.5 5.0 4.5 3.5 

Figure 33. Decoupling Resonance Spectrum for Compoimd 19 in Benzene-de 
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Figure 34. NOE Spectrum for Compound 25 in Benzene-de'̂ '̂  



91 

Thus the lower field doublet of the AB pattern is ascribed to the 

pseudoequitorial proton Ha and the higher field doublet to the pseudoaxial 

proton Hb. Therefore by a combination of HOMO COSY, HETERO COSY, 

spin-spin decoupling, and NOE experiments, the assignment of signals in 

the IH NMR spectra of sym-(alkyl)dibenzo-16-crown-5-oxyacetic acid 

compounds 19 and 25 were deduced. 

Additional insight into the conformations of sym-dibenzo-16-crown-5-

oxyacetic acids is obtained from the crystallographic studies of compoimds 

13 and 25 which were determined in a collaborative project with Professor 

N. Kent Dalley of Brigham Young University. The ORTEP (Oak Ridge 

Temperature Ellipsoid Plotting Program) drawings for compounds sym-

dibenzo-16-crown-5-oxyacetic acid (13) and sym-(decyl)dibenzo-16-crown-5-

oxyacetic acid (25) are shown in Figure 35. In the crystal structure of 13, 

the side arm ethereal oxygen is gauche to one of the ethereal oxygens of the 

macrocyclic ring and trans to the other. The gauche angle between the side 

arm and one of the macrocyclic ring ethereal oxygens is consistent with a 

stabilizing 1,4 oxygen-oxygen ^ai/c/i€ interaction which is common to linear 

and cyclic polyethylene oxides. Thus, orientation of the oxyacetic acid side 

arm with respect to the dibenzo-16-crown-5 unit appears to be controlled at 

least partially by the "gauche effect."20-27 in the crystal structure of 25, the 

oxyacetic acid group is gauche to both ethereal oxygens and the decyl group 

is trans to both of them. This conformation is consistent with a stabilizing 

1,4 oxygen-oxygen ^auc/i€ interaction, but a destabilizing 1,4 oxygen-carbon 

gauche interaction. Thus the geminal alkyl group reinforces the stability of 

this conformation. 
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H^^OCHzCOzH 
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25 

Figure 35. ORTEP Drawings for Compounds 13 and 25*78 
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Of particular interest and importance is the orientation of the 

oxyacetic acid moiety with respect to the macrocycUc ring. In compound 13, 

the oxyacetic acid group points away from the crown ether cavity. 

However, the situation is quite different for compound 25 in which the 

oxyacetic add moiety is oriented inward and parallel to the crown ether 

ring. The more preorganized structure of 26 with respect to that of 13 

explains the higher extraction selectivity of the geminal alkyl group 

substituted hgand 25 when compared to 13. 

Conformational rigidity and the orientation of the oxyacetic acid side 

arm over the macrocyclic cavity in 25 prevents formation of intermolecular 

hydrogen bonding networks. The conformation shown for the solid state 

structure of 25 gives rise to the possibility of intramolecular hydrogen 

bonding between the carboxylic acid proton and an etheral oxygen atom of 

the macrocyclic ring in aprotic organic solvents. Therefore, in addition to 

gauche and steric interactions, hydrogen bonding is probably involved in 

stabilizing and preorganizing the geminal substituted crown ether 

carboxylic acid 25. To determine the degree of contribution of hydrogen 

bonding to the preorganized structure of the three-carbon bridge in 

compound 25, a iH NMR conformational study of the structurally related 

carboxylic acid 25, alcohol 40, ether 165, and ester 166 in benzene-de and in 

DMSO-de was imdertaken. Results are shown in Table 8. 
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C10H21 OR 

a: :B 
Table 8. Influence of R Group Variation on Conformational Rigidity 

Entry 

1 
2 
3 
4 

Compoimd 

40 
165 
166 
25 

R 

H 
CH3 
CH2CO2CH3 
CH2CO2H 

AVAB (HZ) 

Benzene-de 

30 
24 
118 
244 

in 

DMSO-de 

31 
a 

109 
87 

* No AB pattern was evident. 

Crown ether alcohol 40 exhibits a narrow AB pattern for the 

methylene group protons on the three-carbon bridge. The chemical shift 

difference values (AVAB) in benzene-de and DMSO-de are 30 and 31 Hz, 

respectively (Entry 1). This reveals that there is some conformational 

restriction of the three-carbon bridge in 40. The causative factor for this 

restriction is most likely the gauche effect. The very similar values of AVAB 

in benzene-de and in DMSO-de suggest that a potential contribution of 

intramolecular hydrogen bonding is unimportant. Benzene-de is neither a 

hydrogen bond donor nor acceptor and should facilitate intramolecular 

hydrogen bonding. On the other hand, DMSO-de is a hydrogen bond 

acceptor which should diminish intramolecular hydrogen bonding. 

Methylation of the crown ether alcohol 40 gives the methoxy analog 165 for 

which no hydrogen bonding between the side group and the crown ether 
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ring oxygens is possible. The AVAB value for 165 in benzene-de is 24 Hz, 

but no AB pat tern was evident in DMSO-de. Thus, only sHght 

conformational restriction of the three-carbon bridge is evident in benzene-

de, presumably due to the gauche effect. On the NMR time scale, the 

conformational restriction disappears in DMSO-de and the signal for the 

methylene protons on the three-carbon bridge appears as a singlet. When 

R is the methyl ester function CH2CO2CH3, there is a pronounced increase 

in the AVAB values to 118 Hz in benzene-de and 109 Hz in DMSO-de-

Thus, attachment of a bulky group to the side arm oxygen induces 

additional conformational restriction for the three-carbon bridge. Since 

intramolecular hydrogen bonding is not possible for ester containing side 

arm, similar AVAB values would be expected in benzene-de and in DMSO-

de, as observed. When R becomes the carboxylic acid group CH2CO2H in 

25, the AVAB value increase markedly compared with ester 166 in benzene-

de, but remains approximately the same in DMSO-de- This provides 

convincing evidence for the importance of intramolecular hydrogen bonding 

between the side arm carboxylic acid function and one or more polyether 

ring oxygens. Thus, a portion of the preorganization of the binding site for 

sym-(decyl )dibenzo-16-crown-5-oxyacetic acid is shown to arise from 

intramolecular hydrogen bonding and a portion results from the gauche 

effect. 

To fiirther probe intramolecular hydrogen bonding of the carboxylic 

acid group with an ether oxygen of the macrocyclic portion of compound 25, 

the influence of temperature variation upon the chemical shift difference 

value (AVAB) for lariat ether carboxylic acid 25 and the corresponding 

methyl ester 166 was undertaken. For a temperature variation from 218 to 



96 

328 OR the AVAB values measured in CDCI3 are presented in Table 9. At 

the lowest temperature of 218 ©K, the AVAB values for 25 and 166 are 228 

and 196 Hz, respectively. At highest temperature 328 ^K, the values 

diminish to 185 and 91 Hz, respectively. Since greater conformational 

flexibility of the three-carbon bridges would be expected as the temperature 

is increased, the decrease in AVAB values for both 25 and 166 as the 

temperature is enhanced is readily explained. These results also confirm 

the validity of using AVAB values as a measure of conformational mobility. 

^10''21 v,^^OeH2C02R 

a: ::o 
Table 9. Temperature Dependence IH NMR Study for Lariat Ethers 25 

and 166 

AVAR (Hz) 
Temv.CK) R=H R=CH^ 
218 
228 
238 
248 
258 
268 
278 
288 
298 
308 
318 
328 

228 
226 
225 
222 
217 
215 
212 
208 
204 
199 
192 
185 

196 
188 
179 
170 
160 
150 
141 
129 
121 
110 
100 
91 
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A second important aspect of the results for this temperature 

dependent NMR study is pointed out with the bar-graph shown in Table 9. 

The degree of change in the AVAB values in going from the low temperature 

to the high temperature is quite different for lariat ether carboxylic add 25 

8md ester 166. For lariat ether ester 166, intramolecular hydrogen bonding 

is not possible and the temperature variation from 218 to 328 K̂ causes the 

AVAB value to be reduced by approximately one-half On the other hand for 

lariat carboxylic acid 25, the variation in AVAB in going from the lowest to 

the highest temperature is less than a 20 percent reduction. Thus 

intramolecular hydrogen bonding within 25 marked reduces the increase in 

conformational flexibility which would be expected for a 90 ^ enhancement 

in temperature. 

The influence of solvent variation upon the intramolecular hydrogen 

bonding for lariat ether carboxylic acid 25 was also investigated. Chemical 

shift values for the methylene peak of the pendent carboxylic acid group, as 

well as the AVAB values, are recorded in Table 10. For the aprotic solvents, 

when the solvent was changed from benzene-de to chloroform-d to acetone-

de to acetonitrile-d3 to DMSO-de, the AVAB value, which is measure of the 

conformational flexibility, decreases from 244 to 205 to 134 to 127 to 87 Hz. 

The greatest conformational rigidity is evident in benzene which has the 

lowest polarity and can neither donate or acceptor hydrogen bonds. Thus, 

intramolecular hydrogen bonding effects expected to be the strongest in 

benzene. When the solvent becomes a more effective proton acceptor in 

going from chloroform to acetone to acetonitrile to DMSO, the AB pattern 

narrows. A proton acceptor solvent will hydrogen bond with the carboxylic 

acid group reducing its propensity for intramolecular hydrogen bonding. 



98 

Thus the conformational rigidity for 25 decreases as the solvent series is 

traversed from benzene to DMSO. The chemical shifli of the methylene 

hydrogens in the pendent side arm shifts upfield as the solvent series is 

traversed from benzene-de to DMSO-de. This indicates that the electron 

density of the methylene group increases with enhanced intramolecular 

hydrogen bonding. Acetic acid and ethanol are solvents which can both 

donate and accept hydrogen bonds. Therefore, it is not surprising that the 

AVAB and chemical shift for the methylene group of the side arm values 

obtained in acetic acid-d4 and ethanol-de due not correlate with pattern 

established by the aprotic solvents. 

C10H21 0CH2CO2H 

a:x3 
Table 10. Solvent Dependence Ĥ NMR Investigation 

Entry 
1 
2 
3 
4 
5 
6 
7 

Solvent 

Benzene-de 
Chloroform-d 1 

Acetone-de 
Acetonitrile-d3 

DMSO-de 
Acetic Acid-d4 

Ethanol-de 

ET 

34.3 
39.1 
42.2 
45.6 
45.1 
51.7 
51.9 

Chemical Shift for 
-OCH2CO2H (ppm) 

5.004 
4.848 
4.766 
4.620 
4.462 
4.852 
4.677 

AVAB (Hz) 
244 
205 
134 
127 
87 
142 
108 



99 

The influence of the R group in sym-(R)dibenzo-16-crown-5-oxyacetic 

acids upon AVAB in benzene-de and DMSO-de was also assessed. The 

variation of R included a variety of branched and unbranched alkyl groups, 

phenyl and alkenyl groups, an alk)myl group and a fluoroalkyl group. 

Results are recorded in Table 11. As R is varied from methyl to butyl to 

octyl to decyl, only very small changes in AVAB is observed in benzene-de 

and DMSO-de, respectively (Entries 1-4). This shows that the 

conformational rigidity caused by intramolecular hydrogen bonding is 

insensitive to the chain length for a normal alkyl group. Isopropyl and 

neopentyl groups (Entries 5 and 6) exhibit AVAB values in benzene-de and 

DMSO-de which are quite similar to those observed with the normal alkyl 

groups. Thus such branching in the alkyl group does not change the 

conformational restriction caused by intramolecular hydrogen bonding. It 

should be noted that the effect of a terf-butyl group, which would be even 

bulkier than isopropyl or neopentyl could not be examined due to an 

inability to prepare sym-(terf-butyl)dibenzo-16-crown-5-oxyacetic add (see 

Chapter II, Scheme 2). 

Indication that the conformational mobility of sym-(R)dibenzo-16-

crown-5-oxyacetic acid is influenced by the hybridization of the first atom of 

the R group is provided by the data for phenyl, 2-methyl-l-propenyl, 1-

octynyl groups (Entries 7, 8, and 9, respectively). In DMSO-de, a hydrogen 

bond acceptor solvent which should favor intermolecular hydrogen bonding 

of the carboxylic acid group, the AVAB values for compounds 26, 29, and 31 

are all very small (17-28 Hz) compared to values of approximately 90 Hz 

when R is an alkyl group. Thus the change from sp^ to sp^ or sp 

hybridization for the first atom of the geminal group markedly reduces the 
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conformational restriction in the absence of intramolecular hydrogen 

bonding. In benzene-de where intramolecular hydrogen bonding should be 

maximized, the AVAB value for R=phenyl is quite similar to those noted 

when R is an alkyl group. However, when R is 2-methyl-l-propenyl and 

particularly 1-octynyl, the AVAB value is considerably less than those 

observed with alkyl groups. Since there does not seem to be any 

relationship between the observed decrease in conformational rigidity with 

R group variation in the order phenyl > 2-methyl-l-propenyl > 1-octynyl 

and steric properties of the group as a whole or around the first atom of the 

group, it is postulated that the hybridization of the first atom is the 

causative factor. 

The final R group variation to be examined is changed from an octyl 

group (Entry 3) to a perfluoroalkyl group (Entry 10). In DMSO-de, this 

structural variation causes a small decrease in AVAB from 85 to 77 Hz. 

This may result from the p)olarity of the perfluorooctyl group which would 

enhance its attraction to the polar polyether portion of the molecule and 

thereby slightly reduce the conformational rigidity. However in benzene-de 

where intramolecular hydrogen bonding should be important, a substantial 

change of AVAB from 247 to 132 Hz is noted. Thus the change from a non-

polar, lipophilic octyl group to a polar perfluorooctyl group reduces the 

conformational rigidity. Once again enhanced attraction of the 

perfluoroalkyl group to the polar polyether portion of the molecule may be 

responsible. 
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CX)H2C02H 

AVAB (HZ) in 

Entry 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

R 

CH3 
C4H9 

CgHiT 
C10H21 

CH(CH3)2 
CH2C(CH3)3 

CeHs 
CH=C(CH3)2 
C=CCeHi3 

CgFiT 

Compd. 
19 
22 
24 
25 
27 
28 
26 
29 
31 
167 

Benzene-de 
259 
245 
247 
243 
241 
224 
225 
158 
98 
132 

DMSO-de 
85 
90 
85 
87 
108 
98 
17 
28 
19 
77 

For a second series of lariat ether carboxylic acids, ^H NMR 

spectroscopy was utilized to investigate the effect of changing the length of 

the carboxylic acid containing side arm, -0(CH2)nC02H upon the 

conformational rigidity (Table 12). When n is varied from 1 to 2, the AVAB 

values in both benzene-de and DMSO-de are dramatically decreased. For 

the variation from n=2 to 3 an additional very substantial decrease is 

noted. 

When n=3, the AVAB values are the same in benzene-de and DMSO-

de- Examination of CPK space filling models shows that when three 

methylene groups are present, the terminal carboxylic acid group extends 
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beyond the polyether cavity when the side arm is oriented over the 

polyether portion of the molecule. Thus the limited conformational 

restriction observed is that which arises fii-om the gauche effect. 

CH3^0(CH2)nC02H no Ul 

Table 12. Variation of Length of the Pendent Side Arm 

Entry 

1 
2 
3 

n 

1 
2 
3 

Compd. 

19 
59 
60 

AVAB (HZ) 

Benzene-de 
259 
44 
14 

in 

DMSO-de 

85 
25 
15 

Shortening the side arm to contain two methylene groups enhances 

AVAB in benzene-de much more than in DMSO-de- In the latter, the 

increase may be attributed to a better positioning of the polar carboxylic 

acid function with regard to the polar polyether portion of the molecule. In 

benzene-de, this better positioning of the polar carboxylic acid group is 

augmented by some capacity for intramolecular hydrogen bonding. 

Further shortening of the side arm to possess only one methylene 

group produces large increases in AVAB in both benzene-de and DMSO-de 

with larger relative enhancement on the former. Examination of CPK 

space-filling models shows that the polar carboxyhc acid group in 19 is well 

positioned over the polar polyether cavity and also suitably oriented to 
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allow for strong intramolecular hydrogen bonding with a polyether ring 

oxygen. 

These results suggest that the level of pre-organization of the 

binding site with variation of the side arm length decreases in the order 19 

> 59 > 60. In agreement, association constants for complexation of Na"̂  by 

the ionized forms of these lariat ether carboxyhc adds decrease in the same 

order (Figure 36). Thus, these conformational studies of lariat ethers 

provide important information regarding anticipated behavior in metal ion 

complexation and separation processes. 

300 

g200 

100 

Benzene-d^ 
DMSO-dg 

2 3 1 2 
Numbers of Methylene Unit 

Figure 36. Comparison of AVAB Values with Complexation Behavior 



CHAPTER IV 

EXPERIMENTAL PROCEDURES 

Purification of ReagPntft 

Dry solvents were prepared as follows: tetrahydrofuran (THF) was 

fleshly distilled from sodium metal ribbon or chunks; benzene and N,N-

dimethylformamide (DMF) were stored over activated 4 A molcular sieves 

under dry nitrogen; pentane was stored over sodium ribbon; 

dichloromethane (CH2CI2) was fi-eshly distilled from LiAUL .̂ 

Melting points were obtained on either a Fisher-Johns (glass plate) 

or Mel-Temp (capillary tube) melting point apparatus. Infrared (IR) 

spectra were recorded with either a Nicolet MX-S FT-IR or a Perkin-Elmer 

1600 Series FT-IR on NaCl plates (neat or film deposited from solution) or 

as KBr pellets and are reported in wavenumbers (cm^ )̂. Proton nuclear 

magnetic resonance (IH NMR) spectra were recorded with an IBM AF-200 

or AF-300 spectrometer with the chemical shifts (5) reported downfield 

from the internal standard, tetramethylsilane (TMS, present at ca. 0.05 % 

in CDCI3). Deuterated dimethyl sulfoxide (DMSO-de), where used, had 

been previously stored over activated 4 A molcular sieves for at least 3 days 

to remove traces of water before use. Commercially available deuterated 

NMR solvents: benzene-de (CeDe), acetone-de (CD3COCD3), acetonitrile-d3 

(CD3CN), ethanol-de (CD3CD2OD), acetic acid-d4 (CD3COOD) were used as 

received. Splitting patterns in the ^H NMR spectra are identified as: s, 

singlet; d, doublet; t, triplet; q, quartet; br s, broad singlet; m, multiplet; 

104 
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«^ êmimi/(AB), geminal coupling constant in an AB splitting pattem.Carbon 

nuclear magnetic resonance (13C NMR) spectra were recorded with the 

same instruments used for the IH NMR spectra with the chemical shifts (6) 

reported using the center line of the CDCI3 peak as the internal standard (6 

77.0). Mass spectra (MS) were recorded on a Hewlett-Packard 5995 GC/MS 

using perfluorotributylamine (PFTBA) as the calibration standard. 

Thin layer chromatography (TLC) was performed using either 

Alumina OF or Silica Gel OF Uniplates from Anal tech. Column 

chromatography was performed with 80-200 mesh alumina or 60-200 mesh 

silica gel from Fisher Scientific and Mallinckrodt, respectively. Flash 

chromatography was performed using silica gel for flash chromatography 

from Baker. Radial chromatography was performed on a Harrison 

Research Chromatotron Model 7924T using SiHca Gel 60 PF-254 with 

gypsum or Alumina Oxide 60 PF-254 EM Science as absorbants from. 

Elemental analyses were performed by either Galbraith Laboratories 

of Knoxville, Tennessee, or Desert Analytics of Tucson, Arizona. 

Determination of solid-state stuctures was performed by Professor N. 

Kent Dalley of the Chemistry Department, Brigham Young University, 

Provo, Utah. 

General Procedure for the Svnthesis of svm-
rR)dibenzo-16-crown-5-Qxvacetic Acids 13. 19-32 

After removal of mineral oil in 2.29 g (65 % dispersion in mineral oil, 

20.0 mmol) of KH with pentane under nitrogen, 13.8 mmol of the crown 

ether alcohol in 100 mL of dry THF was added slowly at O Ĉ followed by 

stirring for 2 h at room temperature. To this reaction mixture 4.16 g (30.0 
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mmol) of bromoacetic acid in 10 mL of dry THF was added dropwise during 

a period of 1 h followed by stirring at room temperature for 6 h. After 

cooling to 0 ^C, water (20 mL) was added dropwise to destroy the unreacted 

KH and the THF was evaporated in vacuo. The alkaline solution was 

washed with ethyl acetate (2 X 100 mL) and acidified to pH 1 with 6 N HCl 

followed by addition of CH2CI2 (30 mL). The organic layer was separated, 

dried over MgS04, filtered, and removed in vacuo to afford a yellowish oil. 

Chromatography of the crude product on silica gel with ethyl acetate as 

eluent gave a colorless oil which was crystallized from 100 mL of EtOH to 

provide white crystals of corresponding crown ether carboxylic acid. 

sym-Dibenzo-16-crown-5-ozyacetic acid (13)^^ was obtained in 

82 % yield as white crystals with mp 166 ^C (lit.52 166-166.5 ^C). IR 

(deposit fi-om CH2CI2 solution): 3350 (0-H); 1743(C=0); 1123 (C-0) cm-l. 

IH NMR (CDCI3): 5 3.91-3.94 (m, 4H); 4.15-4.18 (m, 4H); 4.29 (s, 5H); 4.48 

(s, 2H); 6.85-7.01 (m, 8H) 

«ym-(Methyl)dibenzo-16-crown-5-oxyacetic acid (19)'79 was 

obtained in 92 % yield as white crystals with mp 100-101 ^C (ht.79 102-103 

OC). m (deposit fi-om CH2CI2 solution ); 3363 (0-H); 1738 (C=0); 1121 (C-

O) cm-i. IH NMR (CDCI3): 5 1.57 (s, 3H); 3.86-4.18 (m, lOH); 4.54 (d, 2H); 

4.79 (s, 2H); 6.81-6.91 (m, 8H). 

»ym-(Ethyl)dibenzo-16-crown-5-oxyacet ic acid (20) was 

obtained in 90 % yield as white crystals with mp 112-113 ^C. IR (deposit 

fix)m CH2CI2 solution): 3350 (0-H); 1741(C=0); 1123 (C-0) cm-l. IH NMR 

(CDCI3): 6 1.09 (St 3H); 2.04 (q, 2H); 3.79-4.22 (m, lOH); 4.58 (d, 2H); 4.84 

(s, 2H); 6.79-7.01 (m, 8H). 
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«ym-(Propyl)dibenzo-16-crown-5-oxyacetic acid (21) was 

obtained in 93 % yield as white crystals with mp 154-156 ^C. IR (deposit 

fi-om CH2CI2 solution): 3350 (0-H); 1740(C=O); 1123 (C-0) cm-l. 1 H NMR 

(CDCI3): 6 1.05 ( t , 3H); 1.50-1.54 (m, 2H); 1.90-1.98 (m, 2H); 3.62-4.17 (m, 

lOH); 4.56 (d, 2H); 4.82 (s, 2H); 6.80-7.01 (m. 8H). 

«ym-(Butyl)dibenzo-16-crown-5-oxyacetic acid (22)80 ^ a s 

obtained in 89 % yield as white crystals with mp 143-144 «>C (ht.80 145-146 

OC). IR (deposit fi-om CH2CI2 solution): 3352 (0-H); 1743(C=0); 1121 (C-0) 

cm-l. IH NMR (CDCI3): 6 1.00 (t. 3H); 1.43-1.47 (m, 4H); 1.87-1.96 (m, 2H); 

3.81-4.17 (m, lOH); 4.60 (d, 2H); 4.84 (s, 2H); 6.80-6.98 (m, 8H). 

«ym-(Hexyl)dibenzo-16-crown-5-oxyacetic acid (23)^1 was 

obtained in 93 % yield as white crystals with mp 139-141 ©C (lit.81 135-136 

OC). IR (deposit firom CH2CI2 solution): 3350 (0-H); 1740(C=O); 1123 (C-0) 

cm-l. IH NMR (CDCI3): 6 0.93 (t, 3H); 1.30-1.52 (m, 8H); 1.92-2.12 (m, 2H); 

3.81-4.17 (m, lOH); 4.62 (d, 2H); 4.80 (s, 2H); 6.80-7.01 (m, 8H). 

«ym-(Octyl)dibenzo-16-crown-5-oxyacet ic ac id (24)80 ^ a s 

obtained in 95 % jdeld as white crystals with mp 141-142 oC (lit.80 

hygroscopic oil). IR (deposit fi-om CH2CI2 solution): 3350 (0-H); 1740(C=O); 

1123 (C-0) cm-l. IH NMR (CDCI3): 5 1.93 (t, 3H); 1.30-1.52 (m,12H); 1.92-

2.12 (m, 2H); 3.81-4.17 (m, lOH); 4.62 (d, 2H); 4.80 (s, 2H); 6.80-7.01 (m, 

8H). 

«ym-(Decyl)dibenzo-16-crown-5-oxyacet ic ac id (25)81 was 

obtained in 93 % yield as white crystals with mp 109-110 oC (ht.81 101-102 

OC). IR (deposit fi-om CH2CI2 solution): 3350 (0-H); 1740(C=O); 1123 (C-0) 

cm-l. IH NMR (CDCI3): 6 0.91 (t, 3H); 1.30-1.52 (m, 16H); 1.92-2.12 (m, 

2H); 3.81-4.17 (m, lOH); 4.62 (d, 2H); 4.80 (s, 2H); 6.80-7.01 (m, 8H). 
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«ym-(Phenyl)dibenzo-16-crown-5-oxyacetic acid (26)82 was 

obtained in 90 % yield as white solids with mp 177-178 oC (ht.82 136-138 

OC). m (deposit fi-om CH2CI2 solution): 3390 (0-H); 1767 (C=0); 1124 (C-0) 

cm-l. IH NMR (CDCI3): 6 3.84-4.33 (m. lOH); 4.82 (d, 2H); 4.92 (s, 2H); 

6.69-6.95 (m, 8H); 7.35-7.68 (m, 5H). 

«ym-(Isopropyl)dibeiizo-16-crown-5-oxyacetic acid (27) was 

obtained in 88 % yield as white crystals with mp 125 oC (subhmation). IR 

(deposit from CH2CI2 solution): 3350 (0-H); 1743(C=0); 1123 (C-0) cm-l. 

IH NMR (CDCI3): 5 1.17 (d, 6H); 2.63 (m, IH); 3.81-4.18 (m, lOH); 4.86 (d, 

2H); 4.88 (s,2H); 6.80-6.90 (m, 8H). Anal. Calcd for C24H30O8: C, 64.56; H, 

6.77. Found: C, 64.35; H, 6.77. 

sym-(2,2-Dimethylpropyl)dibenzo-16-crown-5-oxyacetic acid 

(28) was produced in 76 % yield as white crystals with mp 138-139 oC: IR 

(deposit fi-om CH2CI2 solution): 3384 (0-H); 1734 (C=0); 1122 (C-0) cm-l. 

IH NMR (CDCI3): 6 1.15 (s, 9H); 2.05 (s, 2H); 3.86-4.13 (m, lOH); 4.65 (d, 

2H); 4.87 (s,2H); 6.80-6.97 (m, 8H). Anal. Calcd for C2eH3408 : C, 65.81; H, 

7.22. Found: C, 66.17; H, 7.06. 

«ym-(2-Methyl-l-propenyl)-dibeiizo-16-crown-5-oxyacetic acid 

(29) was produced in 92 % yield as a white solid with mp 65-67 oC. IR 

(deposit fi-om CH2CI2 solution): 3384 (0-H); 1770 (C=0); 1125 (C-0) cm-i. 

IH NMR (CDCI3): 6 1.97 (d, 6H); 3.84-4.17 (m, lOH); 4.55 (d, 2H); 4.66 (s, 

2H); 6.81-6.96 (m, 8H). Anal. Calcd for C25H3o08*0.4 H2O : C, 64.47; H, 

6.67. Found: C, 64.55; H, 6.84. 

»ym-(l-Hexynyl)dibenzo-16-crown-5-oxyacetic acid (30) was 

recrystallized from 100 mL of diethyl ether to give white crystals with mp 

66-67 oc in 94 % yield. IR (deposit fi-om CH2CI2 solution): 3440 (0-H); 2244 
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( C ^ ) ; 1750 (C=0); 1123 (C-O) cm-i. iH NMR (CDCI3): 5 0.88 (t, 3H); 1.05-

1.54 (m, 8H); 2.25 (t, 2H); 3.69 (s, IH); 3.89-3.98 (m. 4H); 4.07-4.21 (m, 6H); 

4.37-4.42 (d, 2H); 6.84-7.05 (m, 8H). Anal. Calcd for C27H480e: C. 71.34; H, 

7.54. Found: C, 71.59; H, 7.43. 

sym-(l-Octynyl)dibenzo-16-crown-5-oxyacetic acid (31) was 

recrystallized from 100 mL of diethyl ether to give white crystals with mp 

101-102 oc in 77 % yield. IR (deposit fix)m CH2CI2 solution): 3437 (0-H); 

2242 (C=C); 1742 (C=0); 1123 (C-0) cm-l. I H NMR (CDCI3): 5 0.88 (t. 3H); 

1.25-1.59 (m, 8H); 2.28 (t, 2H); 3.86-4.03 (m, 4H); 4.10-4.21 (m, 6H); 4.47-

4.57 (m, 4H); 6.83-7.03 (m, 8H). Anal. Calcd for C29H3e08: C, 67.95; H, 

7.08. Found: C, 67.71; H, 6.92. 

8ym-(l-Decynyl)dibenzo-16-crown-5-oxyacetic acid (32) was 

recrystallized from 100 mL of diethyl ether to give white crystals with mp 

95-96 oc in 84 % yield. IR (deposit fi-om CH2CI2 solution): 3435 (0-H); 2242 

(C=C); 1742 (C=0); 1123 (C-0) cm-l. I H NMR (CDCI3): 6 0.88 (t, 3H); 1.25-

1.63 (m, 12H); 2.28 (t, 2H); 3.86-4.03 (m, 4H); 4.10-4.21 (m, 6H); 4.47-4.57 

(m, 4H); 6.83-7.03 (m, 8H). Anal. Calcd for C31H40O8: C, 68.87; H, 7.46. 

Found: C, 68.94; H, 7.23. 

General procedure for the Svnthesis of 
.sv7n-(Alkvl)(hvdrQXv)dihenzo-16-crown-5 34-40 

A mixture of magnesium turnings (0.20 g, 8.7 mmol), 1-bromoalkane 

(1.07 g, 8.7 mmol), and 20 mL of dry THF was refluxed under nitrogen until 

all of the magnesium turnings were consumed. After cooling to 0 oQ, the 

1.50 g (4.35 nmiol) of 5ym-ketodibenzo-16-crown-5 in 5 mL of dry THF was 

added dropwise under nitrogen during a period of 1 h followed by refluxing 
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for 6 h. After cooling down to 0 oC, 5 mL of 5 % aqueous NH4CI was added 

slowly and the THF was evaporated in vacuo. Ethyl acetate and water (20 

mL of each) were added to the residue. The organic layer was separated 

and washed with 5 % aqueous NaHC03 (3 X 30 mL) and brine (2 X 30 mL). 

The ethyl acetate layer was dried over MgS04, filtered, and concentrated in 

vacuo to give a white soUd which was recrystaUized from 100 mL of diethyl 

ether. 

«ym-(Hydroxy)(methyl)dibenzo-16-crown-5 (34)^9 To 0.80 g 

(35.0 mmol) of magnesium turnings was added 150 mL of dry diethyl ether 

and 4.96 g (35.0 nunol) of iodomethane under nitrogen. The mixture was 

stirred for 4 h at room temperature until most of magnesium turnings had 

been consumed. A solution of sym-ketodibenzo-16-crown-5 (6.00 g, 17.5 

nmiol) in 200 mL of THF was added dropwise during a period of 1 h at 0 oC. 

Upon completion of the addition, the reaction mixture was stirred for 10 h 

at room temp)erature. After cooling to 0 oC, 100 mL of 5% aqueous NH4CI 

was added slowly followed by stirring for 1 h at room temperature. After 

the solvent was evaporated in vacuo, CH2CI2 (100 mL) was added. After 

shaking, the CH2CI2 layer was separated, washed with brine (3 X 100 mL), 

dried over MgS04, filtered, and concentrated in vacuo to give a yellowish oil 

which was crystalhzed from 100 mL of diethyl ether to give 5.92 g (94 %) of 

32 as a white sohd with mp 120-121 oC (lit.79 109-110 oC). IR (deposit fi-om 

CH2CI2 solution): 3375 (0-H); 1121 (C-0) cm-l. iR NMR (CDCI3): 6 1.50 

(s, 3H); 3.40 (s, IH); 3.72-4.20 (m, 12H); 6.84-7.25 (m, 8H). 

aym-(Ethyl)(hydroxy)dibeiizo-16-crown-5 (35) was recrystallized 

from 50 mL of diethyl ether to give white crystals with mp 101-102 oC in 

89 % yield. IR (deposit fi-om CH2CI2 solution): 3510 (0-H); 1122 (C-0) cm-l. 
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IH NMR (CDCI3): 6 1.05 (t, 3H); 1.90 (q, 2H); 3.22 (s, IH); 3.90-4.26 (m, 

12H); 6.84-6.95 (m, 8H). 

«ym-(Hydroxy)(propyl )dibenzo-16-crown-5 (36) was 

recrystalUzed from 50 mL of diethyl ether to give white crystals with mp 

120-121 oc in 92 % yield. IR (deposit fix)m CH2CI2 solution): 3511 (0-H); 

1120 (C-0) cm-l. iH NMR (CDCI3): 6 0.99 (t, 3H); 1.41-1.60 (m, 2H); 1.60-

1.69 (m, 2H); 3.22 (s, IH); 3.81-4.26 (m, 12H); 6.84-6.95 (m, 8H). 

«ym-(Butyl) (hydroxy)dibenzo-16-crown-5 (37)80 was 

recrystallized from 40 mL of diethyl ether to give white crystals with mp 

108-109 oc ait.80 103-103.5 oQ) in 92 % yield. IR (deposit from CH2CI2 

solution): 3510 (0-H); 1120 (C-0) cm-l. I R NMR (CDCI3): 6 0.94 (t, 3H); 

1.41-1.60 (m, 2H); 1.60-1.69 (m, 2H); 3.22 (s, IH); 3.81-4.26 (m, 12H); 6.84-

6.95 (m, 8H). 

8ym-(Hexyl)(hydroxy)dibenzo-16-crown-5 (38)81 ^^g 

recrystallized from 40 mL of diethyl ether to give white crystals with mp 

126-127 oc (lit.81 121-123 oC) m 88 % yield. IR (deposit fi-om CH2CI2 

solution): 3512 (0-H); 1121 (C-0) cm-l. I H NMR (CDCI3): 6 0.94 (t, 3H); 

1.41-1.60 (m, 8H); 1.60-1.69 (m, 2H); 3.22 (s, IH); 3.81-4.26 (m, 12H); 6.84-

7.00 (m, 8H). 

«ym-(Hydroxy)(octyl )dibenzo-16-crown-5 (39)80 ^^g 

recrystallized from 30 mL of diethyl ether to give white crystals with mp 

101-102 oc (lit.80 92-93 ©C) in 91 % yield. IR (deposit from CH2CI2 

solution): 3520 (0-H); 1123 (C-0) cm-l. I R NMR (CDCI3): 6 0.91 (t, 3H); 

1.40-1.71 (m, 12H); 1.60-1.69 (m, 2H); 3.23 (s, IH); 3.80-4.33 (m, 12H); 6.84-

6.95 (m, 8H). 
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8ym-(Decyl) (hydroxy)dibenzo-16-crown-5 (40)81 was 

recrystallized from 50 mL of diethyl ether to give white crystals with mp 

95-96 oc (ht.81 90-92 oC) in 92 % yield. IR (deposit fi-om CH2CI2 solution): 

3510 (0-H); 1121 (C-0) cm-l. I H NMR (CDCI3): 5 0.94 (t, 3H); 1.41-1.60 (m, 

2H); 1.60-1.69 (m, 18H); 3.22 (s, IH); 3.81-4.26 (m, 12H); 6.84-6.95 (m, 8H). 

8ym-(Hydroxy) (pheny l ) -d ibenzo-16 -crown-5 (41)8 3 

Chromatography on silica gel with ethyl acetate-hexanes (1:4) as eluent 

gave a white solid which was recrystallized from 100 mL of diethyl ether to 

give white crystals with mp 125-126 oC (ht.83 109-110 oC). IR (deposit firom 

CH2CI2 solution): 3445 (0-H); 1121 (C-0) cm-l. IH NMR (CDCI3): 8 3.79 (s, 

IH); 3.96 (m, 4H); 4.16 (m, 4H); 4.42 (q, 4H); 6.78-6.92 (m, 8H); 7.30-7.44 

(m, 3H); 7.77 (d, 2H). 

aym-(Hydroxy) (isopropyl)dibenzo-16-crown-5 (42). A mixture 

of magnesium turnings (0.20 g, 8.7 mmol), 2-bromopropane (1.07 g, 8.7 

mmol), and 20 mL of dry THF was refluxed under nitrogen until all of the 

magnesium turnings were consumed. After cooling to 0 oC, the 1.50 g (4.35 

mmol) of sym-ketodibenzo-16-crown-5 in 5 mL of dry THF was added 

dropwise under nitrogen during a period of 1 h followed by refluxing for 6 h. 

After cooling down to 0 oC, 5 mL of 5 % aqueous NH4CI was added slowly 

and the THF was evaporated in vacuo. Ethyl acetate and water (20 mL of 

each) were added to the residue. The organic layer was separated and 

washed with 5 % aqueous NaHC03 (3 X 30 mL) and brine (2 X 30 mL). The 

ethyl acetate layer was dried over MgS04, filtered, and concentrated in 

vacuo. Chromatography of the residue on silica gel with ethyl acetate-

hexanes (1:4) as eluent gave a white solid which was recrystaUized from 

100 mL of diethyl ether to give 1.49 g (88 %) of 42 as white crystals with mp 
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125-126 oc. m (deposit fit)m CH2CI2 solution): 3510 (0-H); 1122 (C-0) cm-

1. IH NMR (CDCI3): 5 1.13 (d, 6H); 2.42 (m, IH); 3.25 (s, IH); 3.83-4.31 (m, 

12H); 6.83-6.99 (m, 8H). 13C NMR (CDCI3): 6 17.18, 31.65, 67.92, 69.95, 

73.05, 75.65,114.05, 118.06,121.52,122.27,148.97. 150.19. Anal. Calcd for 

C22H28O6: C, 68.02; H, 7.26. Found: C, 68.11; H. 7.14. 

«ym-(2^-Dimethylpropyl)(hydroxy)dibeiizo-16-crown-5 (43). A 

mixture of magnesium turnings (0.43 g, 18.8 mmol), l-bromo-2,2-

dimethylpropane (2.85 g, 18.8 mmol), and 20 mL of dry THF was refluxed 

under nitrogen until all of the magnesium turnings were consumed. After 

cooling to 0 oc, the 3.00 g (8.71 mmol) of sym-ketodibenzo-16-crown-5 in 5 

mL of dry THF was added dropwise under nitrogen during a period of 1 h 

followed by refluxing for 6 h.tll After cooHng to 0 oC, 5 mL of 5% aqueous 

NH4CI was added slowly and the THF was evaporated in vacuo. Ethyl 

acetate and water (20 mL of each) were added to the residue. The organic 

layer was separated and washed with 5 % aqueous NaHC03 (3 X 30 mL) 

and brine (2 X 30 mL). The ethyl acetate layer was dried over MgS04, 

filtered, and concentrated in vacuo. Chromatography^2] of the residue on 

silica gel with ethyl acetate-hexanes (1:4) as eluent gave a white solid 

which was recrystalUzed from 50 mL of diethyl ether to give 1.80 g (29 %) of 

43 as white crystals with mp 102-103 oC. IR (deposit fi-om CH2CI2 

solution): 3510 (0-H); 1124 (C-0) cm-l. iR NMR (CDCI3): 6 1.12 (s, 9H); 

1.88 (s, 2H); 3.07 (s, IH); 3.90-4.29 (m, 12H); 6.87-6.95 (m, 8H). Anal. Calcd 

for C24H320e: C, 69.21; H, 7.74. Found: C, 69.24; H, 7.83. Notes: [1] Afi^r 

refluxing for 10 min, the reaction mixture changed from grey to a turbid 

brown. [2] A lot of unreacted starting material was seen by TLC, which is 

probably due to the steric bulk of the Grignard reagent. 
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«ym.(Hydroxy)(2.methyl.l.propenyl)dibenzo-16-crown.5 (44). 

A mixture of 0.40 g (17.4 mmol) of magnesium turnings in 20 mL of dry 

THF, a needle of l2,[l] and 50 mL of dry THF was agitated with 

ultrasonication until the color of the mixture changed fi-om brown to a 

turbid grey.t2] To this mixture was added 2.35 g (17.4 mmol) of l-bromo-2-

methylpropene and the mixture was refluxed under nitrogen until aU of the 

magnesium turnings was consumed. After cooUng to 0 ©C, 1.50 g (8.71 

mmol) of sym-keto-dibenzo-16-crown-5 in 5 mL of dry THF was added 

under nitrogen during a period of 30 min foUowed by refluxing for 5 h. After 

cooUng to 0 oc, 20 mL of 5% aqueous NH4CI was added slowly. The THF 

was evaporated in vacuo and ethyl acetate (20 mL) was added. The organic 

layer was separated, washed with 30 mL of brine, dried over MgS04, and 

evaporated in vacuo to afford a colorless oil. Chromatography of the 

residue on silica gel with ethyl acetate-hexanes (1:4) as eluent gave a 

colorless oil which was crystallized from diethyl ether (50 mL) to give 3.01 g 

(86 %) of 44 as a white soUd with mp 90-92 oC. IR (deposit from CH2CI2 

solution): 3510 (0-H); 1122 (C-0) cm-l. i n NMR (CDCI3): 6 1.80 (s, 3H); 

1.98 (s, 3H); 3.37 (s, IH); 3.90-4.30 (m, 12H); 6.84-6.99 (m, 8H). 13C NMR 

(CDCI3): 6 19.32, 27.52, 68.15, 69.72, 74.61, 75.53, 114.43, 118.24, 121.60, 

122.78, 123.72, 135.79, 149.14, 150.16. Anal. Calcd for C23H280e: C, 68.98; 

H, 7.05. Found: C, 69.28; H, 7.28. Notes: [1] A small chip is enough to 

activate the magnesium turnings. [2] Usually, this required about 30 min. 

General Procedure for the Svnthesis of gvm-(Alkvnvl) 
(hvdrQxv)dibenzQ-16-crQwn-5 45-47 

To 0.13 g (5.6 mmol) of magnesium turnings in 50 mL of dry THF 

was added 0.82 g (5.6 nmiol) of bromoethane. The mixture was refluxed 
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under nitrogen until magnesium turnings disappeared. After the solution 

had cooled to 0 ©C, 5.6 nmiol of the 1-alkyne in 5 mL of dry THF was added 

followed by stirring for 1 h at room temperature. After cooling to 0 oC, sym-

ketodibenzo-16-crown-5 (5.00 mmol) in 10 mL of dry THF was added 

dropwise during a period of 30 min. The mixture was refluxed for 5 h, 

cooled to 0 oC, and 20 mL of 5 % aqueous NH4CI was added slowly. After 

the THF was evaporated in vacuo^ ethyl acetate and water (100 mL of each) 

were added. The mixture was shaken and the organic layer was separated, 

washed with 30 mL of brine, dried over MgS04, filtered, and concentrated 

in vacuo to give a colorless oil which was crystallized fi-om 100 mL of 

diethyl ether to provide 45, 46, and 47 as white solids, respectively. 

«ym-( l -Hexynyl) (hydroxy)dibenzo-16-crown-5 (45)^5 was 

obtained as a white soUd with mp 91-93 oC (Ut.55 oU) in 96 % yield.tl] IR 

(deposit fi-om CH2CI2 solution): 3424 (0-H); 2245 (CsC); 1123 (C-0) cm-l. 

IH NMR (CDCI3): 6 0.91 (t, 3H); 1.40-1.50 (m, 4H); 2.23-2.26 (t, 2H); 3.72 (s, 

IH); 3.89-3.95 (m, 4H); 4.14-4.21 (m, 6H); 4.37-4.42 (d, 2H); 6.84-7.05 (m, 

8H). Note: [1] Use of iodoethane is reported to provide 45 as a yellowish oU 

in 36 % yield.55 

sym-(Hydroxy)(l-oct3rnyl)dibenzo-16-crown-5 (46) was obtained 

as a white soUd with mp 66-67 oC in 94 % yield. IR (deposit fi-om CH2CI2 

solution): 3440 (0-H); 2244 (C=C); 1123 (C-0) cm-l. I H NMR (CDCI3): 6 

0.88 (t, 3H); 1.05-1.54 (m, 8H); 2.25 (t, 2H); 3.69 (s, IH); 3.89-3.98 (m, 4H); 

4.07-4.21 (m, 6H); 4.37-4.42 (d, 2H); 6.84-7.05 (m, 8H). Anal. Calcd for 

C27H340e: C, 71.34; H, 7.54. Found: C, 71.59; H, 7.43. 
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»ym-(l-Decynyl)(hydroxy)dibeiizo-16-crown-5 (47) was realized 

as a white soUd witii mp 72-73 oC in 94 % yield. IR (deposit fi-om CH2CI2 

solution): 3440 (0-H); 2244 (C^C); 1123 (C-0) cm-l. I R NMR (CDCI3): 5 

0.87 (t, 3H); 1.26-1.57 (m, 12H); 2.25 (t, 2H); 3.69 (s, IH); 3.87-4.01 (m, 4H); 

4.09-4.25 (m, 6H); 4.37-4.42 (d, 2H); 6.84-7.05 (m, 8H). Anal. Calcd for 

C29H38O6: C, 72.17; H, 7.94. Found: C, 72.24; H, 7.72. 

Svnthetic Procedurps for Asvmmfttrip 
Crown Ether CarbnyvUr a g ^ f[^ 

l,2-Epoxy-3-chlorobutane (55).84-87 To a slurry solution of m-

chloroperbenzoic acid (49.5 g, 0.14 mol) in 350 mL of CHCI3 at O oC was 

added dropwise 10.0 g (0.11 mol) of 3-chloro-l-butene (54) during a period 

of 20 min imder nitrogen. The mixture was stirred for 24 h at room 

temperaturet l l and then treated with 5 % aqueous NaHC03 untU the 

reaction mixture no longer gave a positive test with starch iodide paper.t2] 

After the white cake was filtered, the organic layer was separated and 

washed with brine (2 X 100 mL). The CHCI3 layer was dried over MgS04 

and filtered. The CHCI3 was removed in vacuo at room temperaturef3] to 

provide 11.0 g (94 %) of 55 as a colorless oU.t̂ l IR (neat): 1123 (C-0) cm-l. 

IH NMR (CDCI3): 5 1.56 (q, 3H); 2.67-2.74 (m, IH); 2.85-2.90 (m. IH); 3.00-

3.15 (m, IH); 3.60-3.67 (m, 0.5H); 3.76-3.85 (m, 0.5H). N o t e s : [1] 

According to the literature,84-87 stirring for 20 min at 0 oC should be 

sufficient to insure complete reaction for a typical epoxidation using m-

CPBA. However, in the present s)mthesis, at least 24 h of stirring at room 

tempreature was needed to complete the reaction. Progress of the reaction 

was monitored by iH NMR spectroscopy. [2] Starch iodide paper (KI) turns 
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purple (positive) if unreacted m-CPBA remains in the reaction mixture. 

The 5 % aqueous NaHC03 solution should be added until the starch iodide 

paper no longer turns purple. [3] The removal of CHCI3 in vacuo above 

room temperature reduces the yield because the desired product is volatile. 

[4] The cycUzation reaction (next step) went smoothly although a small of 

CHCI3 remained in the product. 

6-Hydroxy-5-methyl-(2,3)(940)-dibeiizo-16-crown-5 (57). A 

solution of 3.70 g (0.012 mol) of bis[2-(fi-hydroxyphenoxy)ethyl]ether (56), 

0.96 g (0.024 mol) of NaOH, 150 mL of dry THF, and 300 mL of water was 

stirred for 2 h at 90 oC under nitrogen. After cooUng to 50 oC, 1.70 g (0.015 

mol) of 55 in 10 mL of dry THF was added dropwise during a period of 3 h 

followed by refluxing for 10 h. After cooling to 50 oC again, 0.96 g (0.024 

mol) of NaOH was added and 1.27 g (0.012 mol) of 55 was added dropwise 

during a 3 h-period followed by refluxing for 10 h. After the THF was 

removed in vacuo, ethyl acetate and 20 % NaOH solution (100 mL of each) 

were added to this crude product. The organic layer was separated and 

washed with 20 % aqueous NaOH solution (4 X 100 mL) to remove the 

unreacted bis[2-(fl-hydroxy-phenoxy)ethyl]ether. The ethyl acetate layer 

was dried over MgS04, filtered, and evaporated in vacuo to provide a 

yellowish solid. Chromatographyfl^ of the crude product on silica gel with 

ethyl acetate-hexanes (1:6) as eluent gave 1.34 g (31 %) of 57 as a white 

solid (mixture of cis and trans isomers) with mp 82-83 oC. ER (deposit firom 

CH2CI2 solution): 3444 (0-H); 1123 (C-0) cm-l. IH NMR (CDCI3): 8 1.21-

1.38 (2d, 3H); 3.08, 3.52 (br s, IH); 3.85-4.29(m, 12H); 4.41-4.70 (m, IH); 

6.84-7.03 (m, 8H); Anal. Calcd. for C2oH240e •O.O5CH2CI2: C, 66.04; H, 

6.60. Found: C, 65.91; H, 6.26. Note: [1] By TLC [siUca gel with ethyl 
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acetate-hexanes (1:1)], spots with Rf values of 0.4 and 0.5 (7:3 ratio on iH 

NMR integration) were noted for two stereoisomers. 

5-Methyl-6-oxo-(2,3)(9,10)-dibeiizo-16-crown-5 (51). To 2.40 g 

(6.6 mmol) of 57 in 100 mL of acetone was added dropwise 10 mL of Jones 

reagenttll during a period of 2 h at -10 oC. Upon completion of the addition, 

the reaction mixture was stirred for 4 h at room temperature. The 

yellowish tan solution was decanted from green residue and the residue 

was washed with acetone (3 X 100 mL). After the acetone was evaporated 

in vacuo, 100 mL of CH2CI2 and 100 mL of water were added to the dark 

yellowish solid. The organic layer was separated and washed with 5 % 

aqueous NaHC03 solution (2 X 100 mL). The CH2CI2 layer was dried over 

MgS04, filtered, and evaporated in vacuo to afford a yellowish solid. 

Chromatography of the crude product on silica gel with ethyl acetate: 

hexanes (1:2) as eluent gave 1.75 g (74 %) of 51 as a white solidt^l with mp 

124-125 oc. m (deposit fi-om CH2CI2 solution): 1736 (C=0); 1123 (C-0) cm-

1. IH NMR (CDCI3): 6 1.52 (d, 3H); 3.88-3.94 (m, 4H); 4.10-4.19 (m, 4H); 

4.94 (q, IH); 5.15 (d, J^emimi/=18.6 Hz, IH); 5.37 (d. Jgeminal=l^-Q Hz, IH); 

6.82-7.15 (m, 8H); Anal. Calcd. for C2oH220e: C, 67.03; H, 6.19. Found: C, 

66.82; H, 5.97. N o t e s : [1] Chromium trioxide anhydride (16.2 g) and 

concentrated sulfuric acid (3.8 mL) were added to 20 mL of water and then 

diluted to 60 mL with water. [2] Sometimes, the product was a pale 

yellowish solid which could be decolorized by washing with a cold diethyl 

ether. 

cw-5,6-Dimethyl-6-hydroxy-(23)(9»10)-dibeiizo-16-crown-5 

(62).tl^ To 6.80 mg (2.77 mmol) of magnesium turnings in 15 mL of 

diethyl ether was added 0.39 g (2.77 mmol) of iodomethane under nitrogen 
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atmosphere and the mixture was stirred for 3 h at room temperature. To 

the gray suspension was added 500 mg (1.38 mmol) of 51 in 15 mL of dry 

THF during a period of 1 h foUowed by stirring for 5 h at room temperature. 

After cooling to 0 oC, 10 mL of saturated NH4CI solution was dropwise 

slowly and the mixture was stirred for 30 min at room temperature. After 

the diethyl ether and THF were evaporated in vacuo, 20 mL of CH2CI2 and 

30 mL of water were added to the yeUowish oil. The organic layer was 

separated, washed with brine (2 X 30 mL), dried over MgS04, and 

concentrated in vacuo to provide a white solid.t2] Chromatotron-

chromatography of the white solid on silica gel with ethyl acetate : hexanes 

(1:4) gave 90 mg (17 %)t3] of ds-62 as a colorless oil. IR (neat): 3310 (0-H); 

1123 (C-0) cm-l. IH NMR (CDCI3): 8 1.23 (d, 3H); 1.54 (s, 3H); 3.03 (br s, 

IH); 3.87-4.23 (m, lOH); 4.64 (q, IH); 6.83-7.00 (m, 8H); Anal. Calcd. for 

C2lH2eOe: C, 67.36; H, 7.00. Found: C, 67.15; H, 6.95. Notes: [1] NOE 

experiments performed to indicate which isomer was present (cis or trans) 

were unsuccessful. However, the product (cis-52) of the next step (coupling 

with bromoacetic acid) indicated that the cis isomer was present. [2] The 

iH NMR spectrum revealed that the product before chromatography was a 

mixture of cis and trans isomers [cisitrans (2:1) by integration]. By TLC 

[silica gel with ethyl acetate], spots with Rf values of 0.40 (trans) and 0.43 

(cis) were noted for two stereoisomers. [3] The remaining product is a 

mixture of the cis and trans isomers. Isolation of the pure trans-

stereoisomer was unsuccessful. 

ci«-5,6-Dimethyl-6-oxyacetoxy-(2,3)(9,10)-dibenzo-16-crown-5 

(ci«-53). After removal of the protecting mineral oil from KH (0.86 g, 65 % 

dispersion in mineral oil, 7.5 mmol) by washing with pentane under 
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nitrogen, dry THF (100 mL) then cis-52 (0.57 g, 1.51 mmol) were added 

with stirring at room temperature. After the mixture had been stirred for 

30 min, bromoacetic acid (0.42 g, 3.03 mmol) in 10 mL of dry THF was 

added dropwise during a period of 30 min at room temperature. Following 

completion of the addition, the reaction mixture was stirred for an 

additional 3 h at room temperature. After careful addition of water to 

destroy the excess KH, the THF was evaporated in vacuo. The resulting 

alkaline solution was extracted with ethyl acetate (2 X 50 mL) to remove 

unreacted cis-52 and organic impurities. The aqueous layer was acidified 

pH 1 with 6 N HCl and extracted with CH2CI2 (3 X 30 mL). The CH2CI2 

layer was dried over MgS04, filtered, concentrated in vacuo to give a pale 

yellowish oil. Crystallization from 50 mL of diethyl ether provided 0.56 g 

(87 %) of cis-63 as a white solid with mp 127-128 ©C. IR (deposit from 

CH2CI2 solution): 3420-2800 (0-H); 1710 (C=0); 1123 (C-0) cm-i. IH NMR 

(CeDe): 6 0.94 (d, 3H); 1.50 (s, 3H); 3.06-3.72 (m, 8H); 4.84 (d, Jgeminal^^O 

Hz, IH); 4.15 (d, Jgeminal='lQ-2 Hz, IH); 4.57 (q, IH); 4.68 (d, «/̂ emimi/= 16.2 

Hz, IH); 4.81 (d, Jgeminal='^0 Hz, IH); 6.48-6.91 (m, 8H). Anal. Calcd. for 

C23H28O8: C, 63.87; H, 6.52. Found: C, 64.04; H, 6.72. 

Ethyl ci«-5,6-Dimethyl-6-oxyacetoxy-(2,3)(9,10)-dibenzo-16-

crown-5 (ci«-58). A solution of cis-63 (30.0 mg, 0.093 nmiol), 20 mL of 

100 % EtOH, and a catalytic amount of sulfuric acid was refluxed for 10 h 

with the condensate passing through a Soxhlet thimble containing 

anhydrous Na2S04. After 10 mL of water was added, the EtOH was 

removed in vacuo and 10 mL of CH2CI2 was added. The organic layer was 

separated, dried over MgS04, and concentrated in vacuo to provide 39.5 mg 

(93 %) of cis-58 as a colorless oil. IR (neat): 1732.5 (C=0); 1122 (C-0) cm-l. 
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IH NMR (CDCI3): 5 1.24 (d, 3H); 1.68 (s, 3H); 3.85-4.33 (m, 12H); 4.69 (s, 

2H); 4.75 (q, IH); 6.79-7.00 (m, 8H); Anal. Calcd. for C25H32O8: C, 65.19; 

H, 7.01. Found: C, 65.09; H, 6.81. 

Self-Condensation Product 50. To 2.00 g (5.8 mmol) of sym-

ketodibenzo-16-crown-5 in 60 mL of dry THF at -78 oC under nitrogen was 

added dropwise 5.80 mL (8.71 mmol) of LDA with syringe. After stirring 

for 1 h at -78 oC, 0.98 g (8.71 mmol) of iodomethanetH in 5 mL of dry THF 

was added during a period of 30 min at -78 oC. The reaction mixture was 

stirred for an additional 2 h at room temperature. After allowing the 

temperature raised to room temperature, 20 mL of 5% aqueous NH4CI was 

added slowly. After the THF was evaporated in vacuo, 30 mL of ethyl 

acetate and 30 mL of water were added. The organic layer was separated, 

washed with 20 mL of 5% HCl, and 30 mL of brine. The ethyl acetate layer 

was dried over MgS04, filtered, and concentrated in vacuo to give a 

yellowish oil. Chromatography of the crude product on silica gel with ethyl 

acetate-hexanes (1:4) afforded a white solid which was recrystallized from 

50 mL of ethyl ether to give 1.50 g (76 %) of 50 with mp 89 oC (shrinking), 

102 oc (melting). IR (deposit from CH2CI2 solution): 3507 (0-H); 1734 

(C=0); 1125 (C-0) cm-l. I H NMR (CDCI3): 6 3.89-3.93 (m, 9H); 4.05-4.29 

(m, 16H); 4.26 (d, IH); 4.50 (q, IH); 4.58 [d, Jgem(^) = 9 7 Hz, IH]; 5.1 [d, 

J^em(AB) = 18.1 Hz, IH]; 5.32 (d, Jgemi^) = 18.1 Hz, IH]; 5.34 (s, IH); 

6.68-7.20 (m, 16H). MS: m/z (M+) Calc: 688.72, Found: 670.72[2]. Anal. 

Calcd for C38H40O12: C, 66.27; H, 5.85. Found: C, 66.54; H, 5.69. Notes: 

[1] Iodomethane should be dried over P2O5 and distilled. [2] A 

dehydration reaction might take place during the mass spectrometry to give 

the a, P-unsaturated ketone. 
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Synthetic Procedures for tiie Prftn»rafion of Crown 
Ether Carboxvlir AHHs 59 and fiQ 

2-[83rm-(Methyl)dibenzo-16-crown-5-oxy]-l-ethanol (61). To a 

solution of 0.18 g (4.70 mol) of LiAlH4 and 20 mL of dry THF was added 

dropwise 1.00 g (2.30 mmol) of 19 in 5 mL of dry THF during a period of 30 

min at room temperature under nitrogen. The reaction mixture was 

refluxed for 10 h then cooled to O oC. Water (5 mL) was added dropwise 

foUowed by adding 5 mL of 10 % aqueous NaOH. The reaction mixture was 

stirred for 30 min and the solid was filtered. The filtrate was dried over 

MgS04 and evaporated in vacuo to afford a colorless oil. Chromatography 

of the crude product on silica gel with ethyl acetate-hexanes (1:4) as eluent 

gave 0.87 g (95 %) of 61 as a colorless oil. IR (neat): 3219 (0-H); 1127 (C-0); 

cm-l. IH NMR (CDCI3): 5 1.46 (s, 3H); 2.65 (t, IH); 3.66-4.34 (m, 16H); 

6.81-7.23 (m, 8H). Anal. Calcd for C22H28O7*0.2 H2O: C, 64.75; H, 6.96. 

Found: C, 64.74; H, 6.79. 

Mesylate of 2-[s3'm-(Methyl)dibenzo-16-crown-5-ozy]-l-ethanol 

(62). To a solution of 1.20 g (2.90 mmol) of 61, 0.45 g (4.40 mmol) of 

triethylamine, and 100 mL of CH2CI2 was added dropwise 0.51 g (4.40 

nmiol) of methanesulfonyl chloride during a period of 30 min at 0 oC under 

nitrogen. After stirring for an additional 2 h, 100 mL of water was added. 

The CH2CI2 layer was separated and washed with 30 mL of 5 % HCl, 30 

mL of 5 % aqueous NaHC03, and 50 mL of brine. The organic layer was 

dried over MgS04, filtered, and concentrated in vacuo to afford 1.26 g (90 

%) of 62 as a colorless oil. IR (neat): 1350,1173 (S=0); 1123 (C-0) cm-i. iH 

NMR (CDCI3): 5 1.50 (s, 3H); 3.03 (s, 3H); 3.88-4.43 (m, 16H); 6.82-6.99 (m, 
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8H). Anal. Calcd for C23H30SO9: C, 57.26; H, 6.27. Found: C, 56.87; H, 

6.09. 

3-[«ym-(Methyl)dibenzo-16-crown-5-oxy]propanonitrile (63). 

To 0.20 g (4.10 mmol) of 62 in 5 mL of DMSO was added 0.022 g (0.44 

nmiol) of NaCN. The reaction mixture was stirred for 2 d at 45 oC, cooled 

to room temperature, and diethyl ether (20 mL) and water (30 mL) were 

added. The mixture was shaken and separated and washed with water (6 

X 30 mL) and brine (3 X 30 mL). The diethyl ether layer was dried over 

M g S 0 4 , filtered, and evaporated in vacuo to give a colorless oil. 

Chromatography of the crude product on silica gel with ethyl 

acetate:hexanes (1:5) as eluent gave 1.02 g (60 %) of 63 as a colorless oil. 

IR(neat): 2248 (C=N); 1123 (C-0) cm-l. i n NMR (CDCI3): 6 1.51 (s, 3H); 

2.62 (t, 2H); 3.98-4.43 (m, 14H); 6.82-6.99 (m, 8H). Anal. Calcd for 

C23H27NO6: C, 66.81; H, 6.58. Found: C, 66.88; H, 6.77. 

Methyl 3-[«ym-(Methyl)dibenzo-16-crown-5-oxy]propanoate 

(64). To a refluxing solution of 0.70 g (1.69 mmol) of 63 in 50 mL of MeOH 

in a flask equipped with a fritted glass bubbler and the condensate passing 

through a Soxhlet thimble containing anhydrous Na2S04 was bubbled 

anhydrous HCl for 24 h. After the MeOH was evaporated in vacuo, 20 mL 

of water and 30 mL of ethyl acetate were added to the residue. The 

reaction mixture was shaken. The organic layer was separated and washed 

with 5 % aqueous NaHC03 (3 X 30 mL), dried over MgS04, filtered, and 

concentrated in vacuo to give a colorless oil. Chromatography of the crude 

product on siUca gel with ethyl acetate:hexanes (1:4) as eluent gave 0.47 g 

(65 %) of 64 as a colorless oil. IR(neat): 1737 (C=0); 1122 (C-0) cm-l. I H 

NMR (CDCI3): 6 1.52 (s, 3H); 2.62 (t, 2H); 3.67 (s, 3H); 3.70-4.24 (m, 14H); 
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6.81-6.99 (m, 8H). Anal. Calcd for C23H30O8: C, 64.57; H, 6.77. Found: C. 

64.70; H, 6.64. 

3-[«ym-(Methyl)dibenzo-16-crown.6-oxy]propanoic acid (59). 

A solution of 0.45 g (1.02 nmiol) of 64, 0.01 g (0.25 mmol) of KOH, and 10 

mL of 95 % EtOH was stirred for 1 h at room temperature. Afl^r the EtOH 

was evaporated in vacuoy ethyl acetate (10 mL) and 10 mL of water were 

added. The aqueous layer was washed with ethyl acetate (3 X 10 mL) and 

acidified to pH 1 with 6N HCl foUowed by addition of CH2CI2 (10 mL). The 

organic layer was dried over MgS04, filtered, and evaporated in vacuo to 

give a colorless oil. CrystalUzation from 50 mL of benzene provided 0.36 g 

(88 %) of 59 as a white soUd with mp 161-162 oC. IR(deposit from CH2CI2 

solution): 3212 (0-H); 1719 (C=0); 1122 (C-0) cm-l. i n NMR (CDCI3): 5 

1.52 (s, 3H); 2.68 (t, 2H); 3.91-4.36 (m, 14H); 6.60-6.99 (m, 8H). Anal. Calcd 

for C23H28O8: C, 63.88; H, 6.47. Found: C, 63.55; H, 6.20. 

3-[8ym-(Methyl)dibenzo-16-crown-5-oxy]-l-propene (65). The 

protecting mineral oil was removed by washing KH (4.26 g of 35 % 

dispersion in mineral oil, 69.3 nuno ) with dry pentane under nitrogen and 

dry THF (200 mL) was added. A solution of 5.00 g (13.9 mmol) of 34 in 200 

mL of dry THF was added dropwise and the reaction mixture was stirred 

for 1 h at room temperature. A solution of allyl bromide (2.49 g, 20.8 mmol) 

in 20 mL of dry THF was added dropwise during a period of 1 h and the 

reaction mixture was stirred for 10 h at room temperature. Water (5 mL) 

was added carefully to decompose the unreacted KH. After the THF was 

evaporated in vacuo, ethyl acetate and water (100 mL of each) were added 

to the residue. The organic layer was separated and washed 5 % HCl (3 X 

50 mL). The CH2CI2 layer was dried over MgS04, filtered, and evaporated 
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in vacuo to give a white soHd which was recrystaUized from 50 mL of 

ethanol to provide 5.12 g (92 %) of 65 as white crystals with mp 93-94 oC. 

IR (deposit firom CH2CI2 solution): 1595 (C=C); 1125 (C-0) cm-i. iH NMR 

(CDCI3): 5 1.55 (s, 3H); 3.90-4.92 (m, 4H); 4.13-4.34 (m, lOH); 5.10-5.36 (m, 

2H); 5.93-6.07 (m, IH); 6.81-6.91 (m, 8H). Anal. Calcd for C23H28O6: C, 

68.98; H, 7.05. Found: C, 68.93; H, 7.00. 

3-[sym-(Methyl)dibenzo-16-crown-5-oxy]-l-propanol (66). To a 

solution of NaBH4 (0.236 g, 6.24 mmol) in 30 mL of THF was added 2.50 g 

(6.24 mmol) of 65 in 20 mL of dry THF. Boron trifluoride etherate (0.77 

mL, 6.24 mmol) was added dropwise during a period of 20 min at 0 oC 

followed by stirring for 10 h at room temperature. To the reaction mixture 

were added dropwise 5 mL of 6N aqueous NaOH and 6 mL of 30% aqueous 

hydrogen peroxide at O oC. The reaction mixture was stirred for an 

additional 3 h at room temperature and CH2CI2 (30 mL) and 20 mL of 

water were added. The mixture was shaken and the organic layer was 

separated and washed 5 % aqueous NaHC03 (3 X 30 mL), dried over 

MgS04, and evaporated in vacuo. Chromatography of the residue on silica 

gel with diethyl ether:hexanes (1:3) as eluent gave 1.38 g (53 %) of 66 as a 

colorless oU. IR (neat); 3283 (0-H); 1125 (C-0) cm-i. iH NMR (CDCI3): 6 

1.51(s, 3H); 1.77-1.88 (m, 2H); 3.09 (t, IH); 3.77-4.17 (m, 14H); 4.35 (d, 2H); 

6.81-6.98 (m, 8H). Anal. Calcd for C23H30O7: C, 66.01; H, 7.23. Found: C, 

65.88; H, 7.35. 

Mesylate of 3 - [»ym-(Methyl )d ibenzo-16-crown-5-oxy] - l -

propanol (67). To a solution of 1.20 g (2.80 mmol) of 66, 0.46 mL (3.50 

mmol) of triethylamine, and 50 mL of CH2CI2 was added 0.26 mL (3.5 

mmol) of methanesulfonyl chloride during a period of 30 min at 0 oC under 
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nitrogen. After stirring for an additional 2 h, 100 mL of water was added. 

The CH2CI2 layer was separated and washed with 30 mL of 5 % HCl, 30 

mL of 5 % aqueous NaHCOs, and 50 mL of brine. The organic layer was 

dried over MgS04, filtered, and concentrated in vacuo to afford 1.31 g (94 

%) of 67 as a colorless oU. IR (neat); 1353,1174 (S=0); 1123 (C-0) cm-i. IH 

NMR (CDCI3): 6 1.49 (s, 3H); 1.93-2.06 (m, 2H); 2.90 (s, 3H); 3.88-4.40 (m, 

16H); 6.80-6.96 (m, 8H). Anal. Calcd for C24H32SO9: C, 58.06; H, 6.49. 

Found: C, 58.28; H, 6.25. 

4-[8ym-(Methyl)dibenzo-16-crown-5-oxy]butanonitrile (68). 

To 3.30 g (6.6 mmol) of 67 in 50 mL of DMSO was added 0.48 g (9.9 mmol) 

of NaCN and the mixture was stirred for 2 d at 45 oC. After the solution 

had cooled to room temperature, diethyl ether (20 mL) and water (30 mL) 

were added. The mixture was shaken and the organic layer was washed 

water (6 X 30 mL) and brine (3 X 30 mL). The diethyl ether layer was dried 

over MgS04, filtered, and evaporated in vacuo to give a colorless oil. 

Chromatography of the crude product on silica gel with ethyl 

acetate:hexanes (1:5) as eluent gave a white solid which was recrystallized 

from 50 mL of diethyl ether to afford 2.37 g (84 %) of 68 as a white soUd 

with mp 109-110 oC. IR (deposit fix)m CH2CI2 solution): 2246 (C=N); 1123 

(C-0) cm-l. IH NMR (CDCI3): 5 1.49 (s, 3H); 1.86-1.97 (m, 2H); 2.50 (t, 2H); 

3.85-4.31 (m, 14H); 6.82-6.99 (m, 8H). Anal. Calcd for C24H29NO6: C, 

67.43; H, 6.84. Found: C, 67.51; H, 6.64. 

Methyl 4-[«ym-(Methyl)dibenzo-16-crown-5-oxy]butanoate 

(69). To a refluxing solution of 2.30 g (5.38 mmol) of 68 in 100 mL of 

MeOH in a flask equipped with a fritted glass bubbler and a condensate 

passing through a Soxhlet thimble containing anhydrous Na2S04 was 
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bubbled anhydrous HCl for 24 h. After the MeOH was evaporated in vacuo, 

20 mL of water and 30 mL of ethyl acetate were added. The mixture was 

shaken and the organic layer was separated, washed with 5 % aqueous 

NaHC03 (3 X 30 mL), dried over MgS04, filtered, and concentrated in 

vacuo to give a colorless oil. Chromatography of the crude product on siUca 

gel with ethyl acetate:hexanes (1:4) as eluent gave 2.32 g (94 %) of 69 as a 

colorless oil. IR (neat): 1733 (C=0); 1124 (C-0) cm-l. 1H NMR (CDCI3): 5 

1.49 (s, 3H); 1.95 (m, 2H); 2.47 (t, 2H); 3.62 (s, 3H); 3.79 (t, 2H); 3.91-3.95 

(m, 4H); 4.10-4.23 (m, 8H); 6.81-6.96 (m, 8H). Anal. Calcd for C25H32O8: C, 

65.20; H, 7.00. Found: C, 65.21; H, 6.99. 

4-[s3'm-(Methyl)dibenzo-16-crown-5-ozy]butanoic acid (60). A 

solution of 1.50 g (3.25 mmol) of 69, 0.01 g of KOH, and 20 mL of 95% EtOH 

was stirred for 1 h at room temperature. After the EtOH was evaporated in 

vacuo, ethyl acetate (50 mL) and 20 mL of water were added. The aqueous 

layer was washed with ethyl acetate (3 X 50 mL) and acidified to pH 1 with 

6N HCl followed by addition of CH2CI2 (10 mL). The organic layer was 

dried over MgS04, filtered, and evaporated in vacuo to give a colorless oil. 

Crystallization from 50 mL of benzene provided 1.34 g (92 %) of 60 as a 

white soUd with mp 128-129 oC. IR (deposit from CH2CI2 solution): 3440 

(0-H); 1707 (C=0); 1123 (C-0) cm-l. iR NMR (CDCI3): 6 1.49 (s, 3H); 1.90 

(m, 2H); 2.50 (t, 2H); 3.80-3.94 (m, 14H); 4.10-4.27 (m, 8H); 6.60-6.99 (m, 

8H). Anal. Calcd for C24H30O8: C, 64.56; H, 6.77. Found: C, 64.34; H, 6.60. 
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Synthetic Procedures for the Preparflfjf^n ^f 
Crown Ether CarhnyvUr ^^^j^ 7ft 

l ,2-0-Isopropyl idene-3-(0-benzyl )g lycerol (74).60,88.89 A 

solution of 95.5 g (0.72 mol) of SoUtetal (73), 190.0 g (1.50 mol) of benzyl 

chloride, and 85.0 g (1.51 mol) of KOH was added to three-necked round-

bottom flask equipped with a mechanical stirrer, CaCl2 drying tube, and a 

condenser with a Dean-Stark trap. The reaction mixture was refluxed for 

48 h. Methylene chloride (500 mL) and water (200 mL) were added and the 

organic layer was separated. The CH2CI2 layer was washed with 100 mL of 

water, 100 mL of 0.1 N HCl, and 200 mL of 5 % aqueous NaHC03. The 

organic layer was dried over MgS04, filtered, and evaporated in vacuo to 

give a yellowish oil, which was distilled under reduced pressure to provide 

139.3 g (87 %) of 74 as a colorless oU with bp 103-107 oC/ 0.6 Torr. IR 

(neat): 1125 (C-0) cm-l. i n NMR (CDCI3): 5 1.37 (d, 6H); 3.40-3.57 (m, 2H); 

3.71 (m, IH); 4.02 (t, IH); 4.25 ( m, IH); 4.54 (q, 4H); 7.24-7.35 (m, 5H). 

3-(0-Benzyl)glycerol (75).60,88,89 A solution of 138.0 g ( 0.62 mol) 

of 74 and 300 mL of 1.5 N H2SO4 was refluxed for 2.5 h. Ethyl acetate (400 

mL) and water (200 mL) were added. The organic layer was separated, 

washed with 5 % aqueous NaHCOs (3 X 300 mL), and dried over MgS04. 

The ethyl acetate was evaporated in vacuo to afford a yellowish oil which 

was distilled under reduced pressure to give 87.9 g (77 %) of 75 as a 

coloriess oU with bp 110-120 oC/ 0.4 Torr. IR (neat): 3440 (0-H); 1123 (C-0) 

cm-l. IH NMR (CDCI3): 5 3.28 (b, 2H); 3.48-3.66 (m, 4H); 3.82 (m. IH); 4.50 

(s, 2H); 7.32 (m, 5H). 

Dimesylate of 3-(0-Benzyl)glycerol (76). To a solution of 10.0 g ( 

54.8 mmol) of 75, 19.0 mL (0.137 mol) of triethylamine, and 200 mL of 
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CH2CI2 under nitrogen was added 10.6 mL (0.137 mol) of methanesulfonyl 

chloride during a period of 30 min at 0 oC. After stirring for an additional 2 

h, 100 mL of water was added. The CH2CI2 layer was separated and 

washed with 30 mL of 5 % HCl, 30 mL of 5 % aqueous NaHC03 , and 50 

mL of brine. The organic layer was dried over MgS04, filtered, and 

concentrated in vacuo to afford 18.2 g (98 %) of 76 as a colorless oil. IR 

(neat): 1359,1174 (S=0); 1123 (C-0) cm-l. I H NMR (CDCI3): 6 3.05 (d, 6H); 

3.71 (m, 2H); 3.43 (m, 2H); 4.58 (s, 2H); 4.97 (m, IH); 4.54 (q, 4H); 7.28-7.36 

(m, 5H). Anal. Calcd for Ci2Hi8O7S2«0.12 CH2CI2: C, 41.76; H, 5.27. 

Found: C, 41.70; H, 5.02. 

5-(Benzyloxymethyl)-(2,3)(8,9)-dibenzo-15-crown-5 (77). To a 

solution of 9.53 g ( 0.033 mol) of bis[2-(fl-hydroxyphenoxy)ethyl]ether (56) in 

150 mL of CH3CN was added 32.06 g (0.099 mol) of CS2CO3. The mixture 

was refluxed for 3 h and cooled to room temperature. Then 11.10 g (0.033 

mol) of 76 in 10 mL of CH3CN was added dropwise at room temperature 

during a period of 1.5 h followed by refluxing for 10 h. After the unreacted 

CS2CO3 was filtered using Celite, the acetonitrile was removed in vacuo to 

give a yeUowish oil. Chromatography of the residue on alumina with ethyl 

acetate-hexanes (1:7) as eluent gave 4.48 g (31 %) of 77 as a colorless oil. 

IR (neat): 1120 (C-0) cm-l. i n NMR (CDCI3): 5 3.79-3.99 (m, 6H); 4.12-4.26 

(m, 5H); 4.31-4.48 (m, IH); 4.59 (s, 2H); 4.71 (t, IH); 6.83-7.06 (m, 6H); 7.25-

7.36 (m, 5H). Anal. Calcd for C26H28O6: C, 71.54; H, 6.47. Found: C, 71.37; 

H, 6.50. 

5-(Hydroxymethyl)-(2,3)(8,9)-dibenzo-15-crown-5 (78). A 

solution of 340.0 mg (0.78 mmol) of 77, 10.0 mg of 10 % H2/Pd-C, 5.0 mg of 

p-toluenesulfonic acid, and 20 mL of 95 % EtOH was shaken vigorously at 
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room temperature under 3 atm of hydrogen. Hydrogen uptake was 

complete after 24 h. The reaction solution was decanted and filtered. 

After evaporation of the filtrate, chromatography of the residue on sUica gel 

with ethyl acetate as eluent provided 260 mg (96 %) of 78 as a colorless oU. 

IR (neat): 3357 (0-H); 1123 (C-0) cm-l. i n NMR (CDCI3): 5 3.65-4.44 (m, 

12H); 4.64 (m, IH); 6.84-7.07 (m, 8H). Anal. Calcd for C19H22O6: C, 65.88; 

H, 6.40. Found: C, 65.85; H, 6.48. 

5-(Oxymethylacetoxy)-(2,3)(8,9)-dibenzo-15-crown-5 (70). After 

removal of the protecting mineral oil from KH (3.30 g, 35 % dispersion in 

mineral oil, 0.028 mol) by washing with pentane under nitrogen 

atmosphere, dry THF (100 mL) and 2.00 g (5.70 mmol) of 78 were added 

with stirring at room temperature. After the mixture had been stirred for 

30 min, 1.23 g (8.70 mmol) of bromoacetic acid in 10 mL of dry THF was 

added dropwise at room temperature during a period of 30 min. Following 

completion of the addition, the reaction mixture was stirred for an 

additional 3 h at room temperature. After careful addition of water to 

destroy the excess KH, the THF was evaporated in vacuo. The resulting 

alkaline solution was extracted with ethyl acetate (2 X 50 mL) to remove 

unreacted 78 and organic impurities. The aqueous layer was acidified pH 1 

with 6 N HCl and extracted with CH2CI2 (3 X 30 mL). The CH2CI2 layer 

was dried over MgS04, filtered, concentrated in vacuo to give a pale 

yellowish oU. Crystallization from 50 mL of EtOH provided 2.27 g (97 %) of 

70 as a white soUd with mp 166-167 oC. IR (deposit from CH2CI2 solution): 

3449 (0-H); 1732 (C=0); 1120 (C-0) cm-l. IH NMR (CD3COCD3): 5 3.83-

3.95 (m, 6H); 4.12-4.26 (m, 7H); 4.39-4.47 (q, IH); 4.67 (m, IH); 6.87-7.19 
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(m, 8H). Anal. Calcd for C21H24O8: C, 62.37; H, 5.98. Found: C, 62.69; H, 

5.96. 

Svnthetic Procednres for the Prftparatin^ ^f 
Crown Ether Carboxvlic Acid 71 

l,2-Epoxy-3-(benzyloxy)propane (80)90.91 To a solution of 100 

mL (0.92 mol) of benzyl alcohol (71) and 10 mL of dry diethyl ether 

containing 1.5 % BF3 was added dropwise 72.3 mL (0.92 mol) of 

epichlorohydrin at 55 oC during a period of 4 h. The reaction mixture was 

stirred overnight at the same temperature. After the reaction was 

finished,tll 50 % aqueous NaOH was added dropwise at room temperature 

during a period of 4 h. Diethyl ether (500 mL) was added and the mixture 

was separated. The organic layer was washed with water (3 X 200 mL), 

dried over MgS04, and evaporated in vacuo to provide a yellowish oil, 

which was distilled under reduced pressure to afford 62.4 g (41 %) of 80 as 

a coloriess oil with bp 82-83 oC/ 0.5 Torr (lit.90.91 257 oC/ 760 Torr). IR 

(neat): 1096 (C-0) cm-l. i n NMR (CDCI3): 5 2.59 (m, IH); 2.78 (t, IH); 

3.16(m, IH); 3.40 (m, IH) 3.77 (m, IH); 4.48 (q, 2H); 7.34 (m, 5H). Note: [1] 

To test for free epoxide, 5 drops of pyridine was added to 3 drops of reaction 

mixture, and the solution was shaken and heated. No color change implied 

that reaction was finished. 

o-Benzylox3i}henol (82)92 A mixture of 110 g (1.0 mol) of catechol, 

56 g (1.0 mol) of KOH, and 650 mL of 95 % of EtOH was refluxed under 

nitrogen until a solution was achieved. Benzyl chloride (115 mL, 1.0 mol) 

was added during a period of 5 h. Upon completion of the addition, the 

reaction mixture was refluxed for an additional 14 h. After filtration of the 
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KCl precipitate, the EtOH was evaporated in vacuo to give a yellow oil, 

which was dissolved in 500 mL of diethyl ether and washed with IN NaOH 

solution (5 X 200 mD.tH The organic layer was dried over MgS04, filtered, 

and evaporated in vacuo to afford a yeUowish oil which was vacuum 

distilled. The fraction boUing at 130-133 oC/ 0.2 Torr (Ut.92 133-135 oC/ 0.1 

Torr) gave 135.0 g (67 %) of 82 as a coloriess oU.[2] m (neat): 3528 (0-H); 

1123 (C-0) cm-l. IH NMR (CDCI3): 6 5.07 (s, 2H); 5.69 (s, IH); 6.80-6.96 

(m, 4H); 7.36 (m, 5H). Notes : [1] The desired product fraction also 

contained catechol as a result of sublimation. Therefore, the catchol should 

be removed by extraction with KOH solution before distiUation. [2] Organic 

impurities were removed at 40 oC/ 0.2 Torr and 90-100 oC/ 0.2 Torr. 

l-[0-(2-Benzylox3rphenyl)]-3-(o-benzyl)glycerol (83). A solution 

of 30.0 g (0.15 mol) of 82, 7.19 g (0.18 mol) of NaOH, 200 mL of THF, and 

300 mL of water was stirred for 2 h at 50 oC. To the reaction mixture was 

added dropwise 24.7 g (0.15 mol) of 80 in 30 mL of THF at 50 oC during a 

period of 2 h followed by refluxing for 10 h. After the THF was evaporated 

in vacuo, diethyl ether (300 mL) and 200 mL of water were added. The 

organic layer was separated and washed with 10 % HCl (3 X 100 mL), and 

brine (2 X 100 mL). The diethyl ether layer was dried over MgS04, filtered, 

and concentrated in vacuo to give a pale yellowish oil. Chromatography of 

the crude product on silica gel with ethyl acetate-hexanes (1:4) provided 

47.6 g (87 %) of 83 as a colorless oU. IR (neat): 3455 (0-H); 1122 (C-0) cm-l. 

IH NMR (CDCI3): 5 2.84 (d, IH); 3.62 (d, 2H); 4.07-4.19 (m, 3H); 4.54 (s, 

2H); 5.09 (s, 2H); 6.95 (s, 4H); 7.25-7.45 (m, lOH). Anal. Calcd for 

C23H24O4: C, 75.80; H, 6.64. Found: C, 75.87; H, 6.59. 
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4-(Benzyloxymethyl)-5-[o-(benzyloxy)phenoxy]-3-

oxapentanoic acid (84). After removal of the protecting mineral oil from 

KH (1.95 g, 35 % dispersion in mineral oU, 17.1 mmol) by washing with 

pentane imder nitrogen atmosphere, 2.00 g (5.7 mmol) of 83 in dry THF 

(100 mL) was added with stirring at room temperature. After the mixture 

had been stirred for 30 min, 1.23 g (8.7 mmol) of bromoacetic acid in 10 mL 

of dry THF was added dropwise during a period of 30 min at room 

temperature. Following completion of addition, the reaction mixture was 

stirred for an additional 3 h at room temperature. After careful addition of 

water to destroy the excess KH, the THF was evaporated in vacuo. The 

resulting alkaline solution was extracted with ethyl acetate (2 X 50 mL) to 

remove unreacted 83 and organic impurities. The aqueous layer was 

acidified pH 1 with 6 N HCl and extracted with CH2CI2 (3 X 30 mL). The 

CH2CI2 layer was dried over MgS04, filtered, concentrated in vacuo to give 

2.24 g (98 %) of 84 as a pale yellowish oU. IR (neat): 3440 (0-H); 1711 

(C=0); 1123 (C-0) cm-l. I R NMR (CDCI3): 5 3.62 (m, 2H); 3.97-4.10 (m, 

3H); 4.32 (s, 2H); 4.59 (s 2H); 5.10 (s, 2H); 6.88-6.94 (m, 4H); 7.25-7.43 (m, 

lOH). Anal. Calcd for C25H26O6: C, 71.08; H, 6.20. Found: C, 70.84; H. 

6.13. 

4-(Benzyloxymethyl)-5- [o- (benzyloxy )phenoxy ] -oxa-1 -pentanol 

(85). To a solution of 0.36 g (9.40 mmol) of LiAlH4 in 20 mL of dry THF 

was added dropwise 2.00 g (4.70 mmol) of 84 in 10 mL of dry THF at room 

temperature under nitrogen during a period of 30 min. The reaction 

mixture was refluxed for 10 h. After cooling to 0 oC, 5 mL of water was 

added dropwise foUowed by addition of 5 mL of 10 % aqueous NaOH. The 

white solid was filtered and the filtrate was dried over MgS04. The solvent 
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was evaporated in vacuo to afford a colorless oil. Chromatography of the 

residue on siUca gel with ethyl acetate-hexanes (1:4) gave 1.53 g (79 %) of 

85 as a colorless oU. IR (neat): 3454 (0-H); 1124 (C-0) cm-l. I H NMR 

(CDCI3): 6 2.62 (b, IH); 3.62-3.74 (m, 6H); 3.98-4.12 (m, 3H); 4.55 (s, 2H); 

4.59 (s 2H); 5.10 (s, 2H); 6.90 (m, 4H); 7.25-7.40 (m, lOH). Anal. Calcd for 

C25H28O5: C, 73.51; H, 6.91. Found: C, 73.72; H, 6.93. 

Tosylate of 4-(Benzyloxymethyl)-5-[o-(benzyloxy)phenoxy]-

oxa-1-pentanol (86). A solution of 16.0 g (38.9 mmol) of 85, 6.15 g (77.8 

mmol) of pyridine, and 300 mL of CH2CI2 was stirred for 20 min at -10 oC 

imder nitrogen. To the reaction mixture was added dropwise 8.16 g (42.8 

mmol) ofp-toluenesulfonyl chloride in 10 mL of CH2CI2 at -10 oC followed 

by stirring for 3 h at room temperature. Ethyl acetate (100 mL) and 5 % 

HCl (200 mL) were added. The mixture was shaken and the organic layer 

was separated and washed with 5% HCl (3 X 50 mL), 5% aqueous NaHC03 

(2 X 50 mL), and brine (2 X 100 mL). The ethyl acetate layer was dried 

over MgS04, filtered, and evaporated in vacuo to give a yellowish oil. 

Chromatography of the residue on silica gel with ethyl acetate-hexanes 

(1:4) as eluent gave 15.8 g (72 %) of 86 as a colorless oU. IR (neat): 1358, 

1189 (S=0); 1124 (C-0) cm-l- I H NMR (CDCI3): 6 2.38 (s, 3H); 3.58 (m. 

2H); 3.81-4.13 (m, 7H); 4.49 (s, 2H); 5.03 (s, 2H); 6.88 (s, 4H); 7.23-7.43 (m, 

12H); 7.74 (d, 2H). 13C NMR (CDCI3): 6 21.9, 68.4, 69.6, 69.8, 70.1, 71.0, 

73.5, 78.1, 114.4, 114.7, 121.6, 127.4, 127.6, 127.8, 127.9, 128.4, 129.7, 

133.1, 137.2, 138.0, 144.6, 148.9. Anal. Calcd for C32H34O7S: C, 68.31; H, 

6.09. Found: C, 68.33; H, 6.14. 

l,5-Bis[o-(benzyloxy)phenoxyl-2-benzyloxymethyl-3-oxa-

pentane (87). After removal of the protecting mineral oil from 0.32 g 
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(8.83 mmol) of NaH (35 % dispersion in mineral oU) by washing with 

pentane under nitrogen atmosphere, dry DMF (100 mL) and 0.35 g (1.76 

mmol) of 82 in 5 mL of DMF were added with stirring at room temperature. 

After the mixture had been stirred for 30 min, 0.99 g (1.76 mmol) of 86 in 

10 mL of dry THF was added dropwise at room temperature during a 

period of 30 min. Following completion of addition, the reaction mixture 

was stirred for an additional 8 h at 80 oC. After careful addition of water to 

destroy the excess NaH, the DMF was distiUed. The resulting alkaUne 

solution was extracted with ethyl acetate (2 X 50 mL) to remove unreacted 

13 and orgemic impurities. The aqueous layer was acidified to pH 1 with 6 

N HCl and extracted with CH2CI2 (3 X 30 mL). The CH2CI2 layer was 

dried over MgS04, filtered, concentrated in vacuo to give a pale yellowish 

oil. Chromatography of the residue on silica gel with ethyl acetate-hexanes 

(1:10) as eluent provided 0.60 g (58 %) of SI as a colorless oil. IR (neat): 

3062 (0-H); 1123 (C-0) cm-l. IH NMR (CDCI3): 5 3.87 (m, 2H); 4.05-4.16 

(m, 7H); 4.50 (s, 2H); 5.06 (d, 4H); 6.88 (s, 8H); 7.23-7.43 (m, 15H). 13C 

NMR (CDCI3): 68.92, 69.34, 69.54, 70.14, 71.07, 71.18, 73.37, 77.96, 114.45, 

114.64, 114.93, 115.25, 121.37, 121.62, 127.27, 127.49, 127.55, 127.63, 

128.29,128.35, 137.34,138.20, 148.79,149.16. Anal. Calcd for C38H38O6: C, 

77.27; H, 6.48. Found: C, 77.21; H, 6.36. 

l,5-Bis[o-(hydroxy)phenoxy]-2-hydroxymethyl-3-oxapentane 

(88). A solution of 6.89 g (11.6 mmol) of 87 ,0.1 g of 10 % H2/Pd-C, 50.0 

mg of a-toluenesulfonic acid, and 50 mL of 95 % of EtOH was shaken 

vigorously at room temperature under 3 atm of hydrogen. Hydrogen 

uptake was complete after 24 h. The reaction solution was decanted and 

filtered. After evaporation of the ethanol from the resulting solution, 
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chromatography of the residue on sUica gel with ethyl acetate as eluent 

gave 3.61 g ( 97 %) of 88 as a colorless oU. IR (neat): 3382 (0-H) cm-l. iH 

NMR (CDCI3): 6 2.96 (s, IH); 3.89-4.19 (m, 9H); 6.75-6.98 (m, 8H); 7.29 (s, 

IH); 7.49 (8, IH). 13C NMR (CDCI3): 5 61.71, 68.65, 69.52, 69.80, 79.20, 

114.88, 115.23, 116.04, 120.13, 123.14, 123.30, 145.76, 145.92, 146.90, 

147.01. Anal. Calcd for C17H20O6: C, 63.74; H, 6.29. Found: C, 63.91; H, 

6.21. 

Diethylene glycol dimesylate (89). To a solution of 15.0 g ( 0.14 

mol) of diethylene glycol, 49.0 mL (0.35 mol) of triethylamine, and 200 mL 

of CH2CI2 was added 27.3 mL (0.35 mol) of methanesulfonyl chloride at 0 

oC under nitrogen during a period of 30 min. After stirring for 2 h at room 

temperature, 20 mL of water was added. After shaking, the organic layer 

was separated and washed 5 % HCl (3 X 30 mL), 5 % aqueous NaHCOs (2 X 

20 mL), and 30 mL of brine. The CH2CI2 layer was dried over MgS04, 

filtered, and evaporated in vacuo to give 37.4 g (93 %) of the dimesylate (89) 

as a colorless oU. IR (neat): 1348, 1173 (S=0); 1124 (C-0) cm-l. 1 H NMR 

(CDCI3): 6 3.07 (s, 6H); 3.77 (m, 4H); 3.38 (m, 4H). 

6-(Hydroxymethyl)-(2,3)(ll,12)-dibenzo-18-crown-6 (90). A 

solution of 2.59 g (8.08 mmol) of 88 in 20 mL of CH3CN and 7.89 g (24.2 

mmol) of CS2CO3 was refluxed for 3 h under nitrogen. After cooling to room 

temperature, 2.54 g (9.7 mmol) of ethylene glycol dimesylate (89) in 10 mL 

of CH3CN was added dropwise during a period of 1.5 h followed by 

refluxing for 10 h. The unreacted CS2CO3 was filtered using Cehte and the 

acetonitrile was removed in vacuo. Chromatography of the residue on 

alumina with ethyl acetate-hexanes (1:7) as eluent gave 2.76 g of 90 (87 %) 

as a white solid with mp 97-100 oC. ER (deposit from CH2CI2 solution): 
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3342 (0-H); 1123 (C-O) cm-l. 1 H N M R (CDCI3): 6 3.61-4.21 (m. 18H); 6.89 

(s, 8H). Anal. Calcd for C21H26O7: C, 64.60; H, 6.71. Found: C, 64.73; H, 

6.74. 

6-(Oxymethylacetoxy)-(2,3)(ll ,12)-dibenzo-18-crown-6 (71). 

After removal of the protecting mineral oU from KH (4.56 g, 65 % dispersion 

in mineral oil, 39.9 mmol) by washing with pentane under nitrogen 

atmosphere, 2.60 g (6.65 mmol) of 90 in 20 mL of dry THF was added 

dropwise with stirring at room temperature. After the mixture had been 

stirred for 30 min, 1.38 g (9.98 mmol) of bromoacetic acid in 10 mL of dry 

THF was added dropwise during a period of 30 min at room temperature. 

Following completion of the addition, the reaction mixture was refluxed for 

an additional 12 h at room temperature. After careful addition of water to 

destroy the excess KH, the THF was evaporated in vacuo. The resulting 

alkaline solution was extracted with ethyl acetate (2 X 50 mL) to remove 

unreacted 90 and organic impurities. The aqueous layer was acidified to 

pH 1 with 6 N HCl and extracted with CH2CI2 (3 X 30 mL). The CH2CI2 

layer was dried over MgS04, filtered, concentrated in vacuo to give a pale 

yellowish oil. Crystallization from 50 mL of diethyl ether provided 0.33 g 

(11 %) of 71 as a white soUd with mp 128-130 oC. IR (deposit from CH2CI2 

solution): 3200-2900 (0-H); 1732 (C=0); 1123 (C-0) cm-l. I H NMR (CDCI3): 

5 3.50-4.35 (m, 19H); 6.89 (s, 8H). Anal. Calcd for C23H28O9: C, 61.60; H, 

6.29. Found: C, 61.99; H, 6.54. 
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Svntiietic Procedures for the Prppafflti^n ^f 
Crown Ether CarboYvHc Add 72 

3,6-Dioxa-4-(benzyloxymethyl)-l ,8-octanedicarboxylic ac id 

(91). 60,88,89 After removal of the protecting mineral oU from 62.74 g (65 % 

dispersion in mineral oil 0.55 mol) of KH by washing with pentane under 

nitrogen atmosphere, 16.60 g (5.47 mol) of 3-(o-benzyl)glycerol (75) in 200 

mL of dry THF was added dropwise with stirring at room temperature. 

After the mixture had been stirred for 1 h, 38.13 g (0.27 mol) of bromoacetic 

acid in 30 mL of dry THF was added dropwise at room temperature during 

a period of 2 h. Following completion of addition, the reaction mixture was 

stirred for an additional 12 h at room temperature. After careful addition 

of water to destroy the excess KH, the THF was evaporated in vacuo. The 

resulting alkaline solution was extracted with ethyl acetate (2 X 100 mL) to 

remove unreacted 75 and organic impurities. The aqueous layer was 

acidified to pH 1 with 6 N HCl and extracted with CH2CI2 (3 X 30 mL). 

The CH2CI2 layer was dried over MgS04, filtered, concentrated in vacuo to 

give 22.8 g (86 %)[1J of 91 as a colorless oU. IR (neat): 1729 (C=0); 1124 (C-

O) cm-l. IH NMR (CDCI3): 5 3.62 (m, 2H); 3.57-3.87 (m, 5H); 4.16 (s, 2H); 

4.41 (s, 2H); 4.71 (s, 2H); 7.28-7.39 (m, 5H); 9.73 (s, 2H). Note: [1] In the 

literature,60 the use of tert-BuOK as a base and chloroacetic acid as a 

reactant gave a 65 % yield. 

3,6-Dioxa.4-a>enzyloxymethyl)-l,8-octanediol (92).60,88,89 To a 

solution of 4.51 g (0.12 mol) of LiAlH4 in 100 mL of dry THF was added 

dropwise 21.08 g (0.059 mol) of 91 in 30 mL of dry THF during a period of 

30 min at room temperature under nitrogen followed by refluxing for 10 h. 

After cooUng to O oC, 5 mL of water was added dropwise followed by adding 
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10 mL of 10 % NaOH solution at 0 oC. The white sohd was filtered and 

filtrate was dried over MgS04. The solvent was evaporated in vacuo to 

afford a colorless oil. Chromatography of the residue on sUica gel with 

ethyl acetate as eluent gave 15.16 g (94%) of 92 as a colorless oil. IR (neat): 

3405 (0-H); 1223 (C-0) cm-l. i n NMR (CDCI3): 5 2.61 (s, IH); 3.42 (s, IH); 

3.52-3.80 (m, 13H); 4.55 (s, 2H); 7.33 (m, 5H). 

Dimesylate of 3,6-Dioxa-4-0benzyloxymethyl)-l,8-octanediol 

(93). To a solution of 15.00 g (55.5 mmol) of 92, 19.45 mL (0.138 mol) of 

triethylamine, and 200 mL of CH2CI2 at 0 oC under nitrogen was added 

dropwise 10.73 mL (0.138 mol) of methanesulfonyl chloride during a period 

of 30 min followed by stirring for 2 h at room temperature. Water (50 mL) 

was added and the CH2CI2 layer was separated. The organic layer was 

washed with 30 mL of 5 % aqueous NaHC03, 30 mL of 5 % HCl, and 20 mL 

of brine. The organic layer was dried over MgS04, filtered, and 

concentrated in vacuo to give 21.77 g (92 %) of 93 as a colorless oil. IR 

(neat): 1359,1174 (S=0); 1123 (C-0) cm-l. i n NMR (CDCI3) 6 3.01 (s, 6H); 

3.53-3.75 (m, 7H); 3.89 (m, 2H); 4.35 (m, 4H); 4.53 (s, 2H); 7.26-7.36 (m, 

5H). Anal. Calcd for C16H26O9S2: C, 45.06; H, 6.14. Found: C, 45.02; H, 

6.09. 

8-(Benzyloxymethyl)-(2,3)(14,15)-dibenzo-21-crown-7 (94). A 

solution of 12.0 g (0.041 mol) of bisphenol 56, 40.40 g (0.12 mol) of CS2CO3, 

and 150 mL of CH3CN was refluxed for 3 h under nitrogen. After cooling to 

room temperature, 17.65 g (0.33 mol) of 93 in 30 mL of CH3CN was added 

dropwise during a period of 1.5 h foUowed by refluxed for 10 h. The 

unreacted CS2CO3 was filtered using CeUte and the solvent was removed in 

vacuo. Chromatography of the residue on alumina with ethyl acetate-
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hexanes (1:7) as eluent gave 15.6 g (72 %) of 94 as a colorless oil. ER (neat): 

1120 (C-0) cm-l. IH NMR (CDCI3): 5 3.53-4.17 (m, 21H); 4.52 (s, 2H); 6.85 

(s, 8H); 7.28 (s, 5H). Anal. Calcd for C3oH3608-0.12 CH2CI2: C, 67.64; H, 

6.83. C, 67.62; H, 6.7L 

8-(Hydroxymethyl)-(2,3)(14,15)-dibenzo-21-crown-7 (95). A 

solution of 1.30 g (2.47 nmiol) of 94, 0.01 g of 10 % H2/Pd-C, and 0.01 g of p-

toluenesulfonic acid in 50 mL of 95 % of EtOH was shaken vigorously at 

room tempreature under 3 atm of hydrogen. Hydrogen uptake was 

complete after 24 h. The reaction solution was decanted and filtered. After 

evaporation of the ethanol from the resulting solution in vacuo, 

chromatography of the residue on silica gel with ethyl acetate as eluent 

provided a white solid which was recrystaUized from 50 mL of diethyl ether 

to give 1.02 g (90 %) of 95 as a white solid with mp 66-67 ©C. IR (deposit 

from CH2CI2 solution): 3448 (0-H); 1123 (C-0) cm-l. IH NMR (CDCI3): 6 

2.42 (s, IH); 3.77-4.19 (m, 21H); 6.94 (s, 8H). Anal. Calcd for C23H30O8: C, 

63.58; H, 6.96. Found: C, 63.65; H, 6.84. 

8-(Oxymethylacetoxy)-(2,3)(14,15)-dibenzo-21-crown-7 (72). 

After removal of mineral oU in 7.88 g (65 % dispersion in mineral oil, 69 

mmol) of KH under nitrogen with pentane, 6.0 g (13.8 mmol) of 95 in 100 

mL of dry THF was added slowly at O oC followed by stirring for 2 h at 

room temperature. To this reaction mixture 2.87 g (20.7 mmol) of 

bromoacetic acid in 10 mL of dry THF was added dropwise during a period 

of 1 h foUowed by refluxing for 10 h. After cooUng to 0 oC, water was added 

dropwise to destroy the unreacted KH and the THF was evaporated in 

vacuo. The alkaline solution was washed with ethyl acetate (3 X 100 mL) 

and acidified to pH 1 with 6 N HCl foUowed by addition of CH2CI2 (30 mL). 
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The organic layer was separated, dried over MgS04, filtered, and removed 

in vacuo to afford a yeUowish oU. Chromatography of residue on silica gel 

with ethyl acetate as eluent gave 4.90 g (72 %) of 72 as a coloriess oil. IR 

(neat): 3510 (0-H); 1735 (C=0); 1124 (C-0) cm-l. i n NMR (CDCI3): 5 3.74-

4.19 (m, 23H); 6.89 (s, 8H). Anal. Calcd for C25H320io-0.6 H2O: C, 59.66: 

H, 6.59. Found: C, 59.56; H, 6.43. 

General Svnthetic Procedure for the Preparation nf 
Ethvl Crown Ether Carboxvlate.g 96-98 

A solution of 3.7 mmol of crown ether alcohol, 0.01 g (0.07 mmol) of 

p-toluenesulfonic acid, and 30 mL of EtOH was refluxed for 4 h with the 

condensate passing through a Soxhlet thimble containing anhydrous 

Na2S04. After the EtOH was removed in vacuo, ethyl acetate (3 X 20 mL) 

and water (30 mL) were added to the residue. The organic layer was 

separated, washed with 20 mL of 5 % aqueous NaHC03 and 50 mL of 

brine. The organic layer was dried over MgS04, filtered, and removed in 

vacuo to give the desired products 96-98. 

Ethyl 5-(Oxymethylacetoxy)-(2,3)(8,9)-dibenzo-15-crown-51 (96) 

was obtained in 88 % yield as a colorless oU. IR (neat): 1750 (C=0); 1122 

(C-0) cm-l. IH NMR (CDCI3): 1.25 (t, 3H); 3.66-4.46 (m, 16H); 4.73(m, IH); 

6.86-6.99 (m, 8H). Anal. Calcd for C23H28O8: C, 63.88; H, 6.53. Found: C, 

63.96; H, 6.50. 

Ethyl 6-(Oxymethylacetoxy)-(2,3)(ll,12)-dibenzo-18-crown-6 

(97) was obtained in 90 % yield as a white solid with mp 74-75 ^C. IR 

(deposit from CH2CI2 solution): 1746 (C=0); 1124 (C-0) cm-l. I H NMR 
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(CDC13): 5 1.27 (t, 3H); 3.79-4.29 (m, 21H); 6.89 (s, 8H). Anal. Calcd for 

C25H32O9: C, 63.01; H, 6.77. Found: C, 63.20; H, 6.65. 

Ethyl 8-(Oxymethylacetoxy)-(2,3)(14,15)-dibenzo-21-crown-7 

(98) was obtained in 89 % yield as a white soUd with mp 64-65 ^C. IR 

(deposit from CH2CI2 solution): 1751 (C=0); 1124 (C-0) cm-i. iH NMR 

(CDCI3): 6 1.26 (t, 3H); 3.66-4.21 (m, 25H); 6.90 (m, 8H). Anal. Calcd for 

C27H36O10: C, 62.30; H, 6.97). Found: C, 62.10; H, 6.91. 

General Procedure for Svnthesis nf 
1.3-Disubstituted-2-nroDanols 99-102 

To a solution of phenol (0.132 mol) in 1.8 L of H2O-THF (1:1) was 

added 28.0 g (0.132 mol) of NaOH. The reaction mixture was stirred for 2 h 

at 80 ®C with a mechanical stirrer under nitrogen. After the solution had 

cooled to 50 ^C, epichlorohydrin (6.11 g, 0.066 mol) was added dropwise 

during a period of 8 h with a syringe pump followed by stirring for 2 d at 

50 oC. After the THF was evaporated in vacuo, 200 mL of CH2CI2 was 

added. The organic layer was separated and washed with 5 % HCl (3 X 200 

mL) and brine (2 X 200 mL). The solvent was dried over MgS04, filtered, 

and evaporated in vacuo to give the product as a white solid which was 

recrystaUized from 250 mL of diethyl ether. 

l,3-Diphenoxy-2-propanol (99) was obtained as a white solid with 

mp 79-80 OC in 52 % yield: IR (deposit from CH2CI2 solution): 3418 (0-H) 

cm-l. IH NMR (CDCI3): 6 2.80 (s, IH); 4.06-4.18 (q, 4H); 4.32-4.43 (m, IH); 

6.87-6.99 (m, 5H); 7.20-7.32 (m, 5H). Anal. Calcd for C15H16O3: C, 73.75; 

H, 6.60. Found: C, 73.61; H, 6.63. 
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13-Bis(o-methylphenoxy)-2-propanol (100) was produced as a 

white soUd with mp 81-83 ©C in 48 % yield: IR (deposit from CH2CI2 

solution): 3418 (0-H) cm-l. I H NMR (CDCI3): 6 2.23 (s, 6H); 2.59 (d, IH); 

4.16-4.29 (q, 4H); 4.40-4.48 (m, IH); 6.83-6.92 (m, 4H); 7.12-7.23 (m, 4H). 

Anal. Calcd for C17H20O3: C, 74.98; H, 7.40. Found: C, 75.23; H, 7.08. 

13-Bis(o-methoxyphenoxy)-2-propanol (101)50 was realized as a 

white soUd with mp 78-79 ^C (lit.50 69-71 ©C) in 67 % yield: IR (deposit 

from CH2CI2 solution): 3476 (0-H) cm-l. i n NMR (CDCI3): 5 3.37 (s, IH); 

3.62 (s, 6H); 4.12-4.21 (m, 4H); 4.41 (m, IH); 6.63-7.00 (m, 8H). 

ly3-Bis(p-methoxyphenoxy)-2-propanol (102)93 was obtained as 

a white solid with mp 99-100 ©C (lit.93 99-101 ^C) in 70 % yield: IR (deposit 

from CH2CI2 solution): 3488 (0-H) cm-l. I H NMR (CDCI3): 6 2.67 (d, IH); 

3.62 (s, 6H); 4.02-4.23 (q, 4H); 4.33 (m, IH); 6.79-6.90 (m, 8H). 

General Procedure for the Svnthesis of 
1.3-Disubstituted-2-Dropanones 103-106 

To 7.43 g (34.0 mmol) of pyridinium chlorochromate in 100 mL of 

CH2CI2 was added 1.88 g (23.0 mmol) of anhydrous NaOAc, 40.0 g of 

anhydrous MgS04, and 23.0 mol of the l,3-disubstituted-2-propanol 99-102. 

The reaction mixture was stirred for 2 d at room temperature under 

nitrogen then filtered through a bed of FlorisU which was subsequently 

washed with CH2CI2 (3 X 30 mL). The filtrate and washings were 

evaporated in vacuo to afford a yellowish oil which was purified by 

chromatography on silica gel with ethyl acetate-hexanes (1:8) as eluent to 

give 103-106, respectively. 
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13-Diphenoxy-2-propanone (103) was recrystaUized from 100 mL 

of diethyl ether to give a white soUd with mp 57-58 ^C in 54 % yield: IR 

(deposit from CH2CI2 solution): 1741 (C=0) cm-l. i n NMR (CDCI3): 6 4.88 

(s, 4H); 6.89-7.05 (m, 5H); 7.24-7.35 (m, 5H). Anal. Calcd for C15H14O3: C, 

74.37; H, 5.82. Found: C, 74.49; H, 5.92. 

l,3-Bis(o-methylphenoxy)-2-propanone (104) was recrystallized 

from 100 mL of diethyl ether to provide a white soUd with mp 92-93 ^C in 

57 % yield: IR (deposit from CH2CI2 solution): 1740 (C=0) cm-i. IH NMR 

(CDCI3): 5 4.91 (s, 4H); 6.66-7.24 (m, 8H). Anal. Calcd for C17H18O3: C, 

75.53; H, 6.71. Found: C, 75.69; H, 6.67. 

l ,3-Bis(o-methoxyphenoxy)-2-propanone (105)^^ was 

recrystalUzed from 100 mL of diethyl ether to provide a white solid with mp 

69-71 OC ait.94 69-71 oC) in 57 % yield: IR (deposit from CH2CI2 solution): 

3064 (0-H); 1742 (C=0) cm-l. I H NMR (CDCI3): 6 3.87 (s, 4H); 4.96 (s, 4H); 

6.84-7.01 (m, 8H). 

l , 3 - B i s ( p - m e t h o x y p h e n o x y ) - 2 - p r o p a n o n e (106)94 was 

recrystalUzed from 100 mL of diethyl ether to provide a white solid with mp 

58-60 OC ait.94 58-60 ^C) in 52 % yield: IR (deposit from CH2CI2 solution): 

1741 (C=0) cm-l. IH NMR (CDCI3): 5 3.77 (s, 6H); 4.82 (s, 4H); 6.85 (m, 

8H). 

General Procedure for the Svnthesis of Acvclic 
Polvether Tertiary Alcohols 107-112 

To 0.45 g (19.8 nmiol) of magnesium turnings in 100 mL of THF was 

added 19.8 mmol of the 1-bromoalkane under nitrogen. The mixture was 

refluxed until the magnesium turnings disappeared. The solution was 
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cooled to 0 oc and 9.92 mmol of the polyether ketone 103-106 in 15 mL of 

THF was added dropwise during a period of 30 min. The reaction mixture 

was refluxed for 5 h and cooled to 0 oC. Afl^r slow addition of 20 mL of 5 % 

aqueous NH4CI, the THF was evaporated in vacuo. To the residue was 

added ethyl acetate and water (100 mL of each). After shaking, the ethyl 

acetate layer was separated and washed with 30 mL of saturated aqueous 

NaHC03 (30 mL) and then with brine (30 mL). Afl^r drying over MgS04, 

the solvent was evaporated in vacuo to give 107-112, respectively. 

2-(Phenoxymethy)-l-phenoxy-2-pentanol (107) was obtained as a 

colorless oU in 83 % yield. IR (neat): 3474 (0-H) cm-l. I H NMR (CDCI3): 5 

0.86 (t, 3H); 1.47-1.59 (m, 2H); 1.71-1.90 (m, 2H); 2.62 (s, IH); 3.95-4.07 (q, 

4H); 6.88-6.99 (m, 5H); 7.11-7.24 (m, 5H). Anal. Calcd for C18H22O3: 

C,75.50; H, 7.74. Found: C, 75.32; H, 7.85. 

2-[(o-Methylphenoxy)methyl]-l-(o-methylphenoxy)-2-pentanol 

(108) was realized as a colorless oU in 86 % yield. IR (neat): 3445 (0-H) cm-

1. IH NMR (CDCI3): 0.97 (t, 3H); 1.39-1.51 (m, 2H); 1.84-1.93 (m, 2H); 2.20 

(s, 6H); 4.15 (s, 4H); 4.38 (s, 2H);.6.80-6.91 (m, 4H); 7.12-7.36 (m, 4H). 

Anal. Calcd for C22H28O6*0.6 H2O: C, 68.94; H, 7.68. Found: C, 68.82; H, 

7.76. 

2-[ (o-Methoxyphenoxy )methyll -1-(o-me thoxyphenoxy )-2-

pentanol (109) ^l was produced as a colorless oU in 92 % yield. IR (neat): 

3475 (0-H) cm-l. I H NMR (CDCI3): 5 0.95 (t, 3H); 1.47-1.60 (m, 2H); 1.70-

1.77 (m, 2H); 3.30 (br s, IH); 3.80 (s, 6H); 3.90-4.17 (q, 4H); 6.82-6.98 (m, 

8H). 

2-[(o-Methoxyphenoxy)methylM-(o-methoxyphenoxy)-2-

dodecanol (110) 95 was obtained as a colorless oil in 93 % yield. IR (neat): 
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3475 (0-H) cm-l. I H NMR (CDCI3): 8 0.87 (t, 3H); 1.18-1.50 (m, 16H); 1.72-

1.80 (m, 2H); 2.60-3.10 (br s, IH); 3.80 (s, 6H); 3.97-4.17 (q, 4H); 6.82-6.99 

(m, 8H). 

2-[(p-Methoxyphenoxy)methyl]-l-(p-methoxyphenoxy)-2-

pentano l (111) was obtained as a colorless oil in 82 % yield. IR (neat): 

3489 (0-H) cm-l. I H NMR (CDCI3): 6 0.96 (t, 3H); 1.43-1.53 (m, 2H); 1.68-

1.76 (m, 2H); 2.61 (s, IH); 3.76 (s, 6H); 3.89-4.01 (q, 4H); 6.78-6.88 (m, 8H). 

Anal. Calcd for C20H26O5: C, 69.34; H, 7.56. Found: C, 69.30; H, 7.29. 

2-[(p-Methoxyphenoxy)methylM-(p-methoxyphenoxy)-2-

dodecanol (112) was obtained as a colorless oil in 88 % yield. IR (neat): 

3481 (0-H) cm-l. I H NMR (CDCI3): 5 0.87 (t, 3H); 1.25 (m, 16H); 1.69-1.74 

(m, 2H); 2.60-3.10 (br s, IH); 3.75 (s, 6H); 3.89-4.01 (q, 4H) 6.78-6.68 (m, 

8H). Anal. Calcd for C27H40O5: C, 72.94; H, 9.07. Found: C, 72.98; H, 

9.09. 

General Procedure for the Svnthesis of Acvclic 
Polvether Carboxvlic Acids 113-118 

The protecting mineral oil was removed by washing KH (3.61 g of 35 

% dispersion in mineral oil, 27.0 nmiol) with dry pentane under nitrogen 

and dry THF (200 mL) was added. A solution of the alcohol 107-112 (9.24 

mmol) in 50 mL of dry THF was added dropwise. The reaction mixture was 

stirred for 1 h at room temperature and a solution of bromoacetic acid (1.92 

g, 13.8 nunol) in 10 mL of dry THF was added dropwise during a period of 1 

h followed by stirring for 10 h at room temperature. Water (5 mL) was 

added carefully to decompose the unreacted KH. After the THF was 

evaporated in vacuo, ethyl acetate and water (100 mL of each) were added 

to the residue. The aqueous layer was separated and washed with ethyl 
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acetate (3 X 50 mL) to remove the unreacted acycUc polyether and organic 

impurities. The water layer was acidified to pH 1 with 6 N HCl and 100 

mL of CH2CI2 was added. The organic layer was separated and washed 5 

% HCl (2 X 100 mL). The CH2CI2 layer was dried over MgS04, filtered, 

and evaporated in vacuo to give 113-118. 

4,4-Bis(phenoxymethyl)-3-oxaheptanoic acid (113) was obtained 

as a colorless oU in 90 % yield. IR (neat): 3440 (0-H); 1735 (C=0) cm-i. iH 

NMR (CDCI3): 5 0.98 (t, 3H); 1.33-1.52 (m, 2H); 1.78-1.87 (m, 2H); 4.10 (s, 

4H); 4.30 (s, 2H); 6.86-7.01 (m, 5H); 7.10-7.23 (m, 5H). Anal. Calcd for 

C20H24O5: C, 69.75; H, 7.02. Found: C, 69.46; H, 6.96. 

4,4-Bis(o-niethylphenoxymethyl)-3-oxaheptanoic acid (114) 

was produced as a colorless oil in 77 % yield. IR (neat): 3445(0-H); 1737 

(C=0) cm-l. IH NMR (CDCI3): 6 0.97 (t, 3H); 1.39-1.51 (m, 2H); 1.84-1.91 

(m, 2H); 2.20 (s, 6H); 4.15 (s, 4H); 4.38 (s, 2H); 6.80-6.91 (m, 4H); 7.12-7.36 

(m, 4H). Anal. Calcd for C22H28O6*0.6 H2O: C, 68.94; H, 7.68. Found: C, 

68.62; H, 7.76. 

4,4-Bis(o-methox3^henoxymethyl)-3-oxaheptanoic acid (115)^1 

was reaUzed as a colorless oU in 87 % yield. IR (neat): 3445 (0-H); 1737 

(C=0) cm-l. IH NMR (CDCI3): 5 0.97 (t, 3H) 1.39-1.51 (m, 2H); 1.80-1.88 

(m, 2H); 3.79 (s, 6H); 4.09-4.23 (q, 4H); 4.40 (s, 2H); 6.82-7.01 (m, 8H). 

4,4-Bis(o-methox3i)henoxymethyl)-3-oxatetradecanoic acid 

(116)96 was realized as a colorless oU in 77 % yield. IR (neat): 3440 (0-H); 

1737 (C=0) cm-l. I H NMR (CDCI3): 6 0.87 (t, 3H); 1.10-1.70 (m, 16H); 1.81-

1.86 (m, 2H); 3.76 (s, 6H); 4.05 (s, 4H); 4.29 (s, 2H); 6.83 (s, 8H). 

4,4-Bis(p-methoxyphenoxymethyl)-3-oxaheptanoic acid (117) 

was produced as a colorless oil in 91 % yield. ER (neat): 3444 (0-H); 1734 
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(C=0) cm-l. iH NMR (CDCis): 5 0.95 (t, 3H); 1.37-1.48 (m, 2H); 1.75-1.86 

(m, 2H); 3.74 (s, 6H); 4.00-4.11 (q, 4H); 4.30 (s, 2H); 6.77-6.87 (m, 8H). 

Anal. Calcd for C22H28O7: C, 65.33; H, 6.98. Found: C, 65.50; H, 6.98. 

4,4-Bis(p-methoxyphenoxymethyl)-3-oxatetradecanoic acid 

(118) was obtained as a colorless oU in 91 % yield. IR (neat): 3441 (0-H); 

1736 (C=0) cm-l. I H NMR (CDCI3): 6 0.87 (t, 3H); 1.22-1.50 (m, 16H); 1.78-

1.89 (m, 2H); 3.76 (s, 6H); 4.05 (s, 4H); 4.29 (s, 2H); 6.83 (s, 8H). Anal. 

Calcd for C29H42O7 ^0.04 CDCI3: C, 68.73; H, 8.34. Found: C, 68.78; H, 

8.36. 

General Procedure for the Svnthesis of Acvclic 
Polvether Carboxvlic Esters 119-124 

A solution of carboxylic acid 113-118 (0.49 mmol), 50 mL of methanol, 

1 mL of benzene, and catalytic amount of H2SO4 was refluxed with the 

condensate passing through a Soxhlet thimble containing anhydrous 

Na2S04 for 5 h. After the methanol was evaporated in vacuo, ethyl acetate 

and water (20 mL of each) were added. The organic layer was separated 

and washed with brine (3 X 20 mL). The solvent was dried over MgS04, 

fUtered, and concentrated in vacuo to give a colorless oil which was purified 

by chromatography on silica gel with ethyl acetate as eluent to provide the 

ester 119-124 as a colorless oil. 

Methyl 4,4-Bis(phenoxymethyl)-3-oxaheptanoate (119) was 

obtained as a colorless oU in 96 % yield. IR (neat): 1761 (C=0) cm-i. iH 

NMR (CDCI3): 6 0.95 (t, 3H); 1.38-1.50 (m, 2H); 1.77-1.85 (m, 2H); 3.50 (s, 

3H); 3.76 (s, 6H); 4.06 (q, 4H); 4.33 (s, 2H); 6.78-6.87 (m, 8H). Anal. Calcd 

for C23H30O7: C, 66.02; H, 7.23. Found: C, 65.72; H,7.07. 
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Methyl 4 ,4-Bis(o-methylphenoxymethyl)-3-oxaheptanoate 

(120) was produced as a colorless oU in 94 % yield. IR (neat): 1761 (C=0) 

cm-l. IH NMR (CDCI3): 5 0.96 (t, 3H); 1.41-1.55 (m, 2H); 1.85-1.93 (m, 2H); 

2.19 (s, 6H); 3.60 (s, 3H); 4.15 (q, 4H); 4.37 (s, 2H); 6.80-6.90 (m, 4H); 7.10-

7.24 (m, 4H). Anal. Calcd for C23H30O5: C, 71.48; H, 7.82. Found: C, 71.79; 

H, 7.90. 

Methyl 4,4-Bis(o-methoxyphenoxymethyl)-3-oxaheptanoate 

(121) was produced as a colorless oU in 95 % yield. IR (neat): 1761 (C=0) 

cm-l. IH NMR (CDCI3): 6 0.96 (t, 3H); 1.42-1.54 (m, 2H); 1.84-1.92 (m, 2H); 

3.63 (s, 3H); 3.78 (s, 6H); 4.14-4.25 (q, 4H); 4.48 (s, 2H); 6.81-6.97 (m, 8H). 

Anal. Calcd for C23H30O7 : C, 66.02; H, 7.23. Found: C, 65.72, H, 7.09. 

Methyl 4 , 4 - B i s ( o - m e t h o x y p h e n o x y m e t h y l ) • 3 - o x a t e t r a 

decanoate (122) was produced as a colorless oil in 96 % yield. IR (neat): 

1761 (C=0) cm-l. IH NMR (CDCI3): 6 0.87 (t, 3H); 1.10-1.55 (m, 16H); 1.85-

1.90 (m, 2H); 3.60 (s, 3H); 3.76 (s, 6H); 4.05 (s, 4H); 4.32 (s, 2H); 6.77-6.85 

(m, 8H). Anal. Calcd for C23H30O7: C, 69.74; H, 8.58. Found: C, 69.56, H, 

8.41. 

Methyl 4,4-Bis(p-methoxyphenoxymethyl)-3-oxaheptanoate 

(123) was produced as a colorless oU in 91 % yield. IR (neat): 1761 (C=0) 

cm-l. IH NMR (CDCI3): 6 0.95 (t, 3H); 1.37-1.48 (m, 2H); 1.75-1.86 (m, 2H); 

3.74 (s, 6H); 4.00-4.11 (q, 4H); 4.30 (s, 2H); 6.77-6.87 (m, 8H). Anal. Calcd 

for C23H30O7: C, 66.02; H, 7.23. Found: C, 65.72; H,7.07. 

Methyl 4 , 4 - B i s ( p - m e t h o x y p h e n o x y m e t h y l ) - 3 - o x a t e t r a -

decanoate (124) was obtained as a colorless oU in 87 % yield. IR (neat): 

1762 (C=0) cm-l. I H NMR (CDCI3): 5 0.87 (t, 3H); 1.10-1.55 (m, 16H); 1.80-

1.90 (m, 2H); 3.60 (s, 3H); 3.76 (s, 6H); 4.05 (s, 4H); 4.32 (s, 2H); 6.77-6.85 
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(m, 8H). Anal. Calcd for C30H44O7: C, 69.74; H, 8.58. Found: C, 70.02; H, 

8.38. 

Diethyl lodomethylphosphonate (128).97 A solution of triethyl

phosphite (20.0 g, 0.120 mol) and diiodomethane (32.3 g, 0.120 mol) was 

distiUed through a 12-inch Vigreux column. After the iodoethane was 

coUected at 70 oC,tll the residue was ft-actionated under reduced pressure, 

92-105 oc /0.8 Torr [2] (lit.97 l o i oc /0.7 Torr) to afford 10. 1 g (34 %) of 128 

as a colorless oil. IR (neat): 1250 (P=0) cm-l. iH NMR (CDCI3): 1.35 (t, 

6H); 3.02 (d, 2H); 4.12-4.23 (m, 4H). Notes: [1] Because iodoethane causes 

a decrease in yield, it should be removed before distiUation of desired 

product. [2] After the removal of iodoethane, the residue is composed of 

four different compounds. Two of them are starting materials which were 

distiUed out at 40-45 ^C /0.8 Torr. A side-product distilled out at 70-88 OC 

/0.8 Torr, and was not identified. The last fraction (92-105 ^C /0.8 Torr), 

which is a colorless oil, was the desired product. 

Monoethyl lodomethylphosphonic Acid (129).97 A mixture of 

128 (6.10 g, 22.0 mmol), NaOH (1.0 g, 26.0 nmiol), and 50 mL of 95 % EtOH 

was refluxed for 6 h under nitrogen. The reaction mixture becEune yellow 

during the reaction. The EtOH was evaporated in vacuo to give an 

yellowish oil. Water (100 ml) and diethyl ether (50 mL) were added. The 

aqueous layer was separated and washed with diethyl ether (3 X 50 mL). 

To this transparent aqueous layer was added 30 mL of concentrated HCl, 

NaCl,fll and 100 mL of CH2CI2. After shaking the mixture vigorously, the 

organic layer was separated. To the aqueous layer were added 10 mL of 

concentrated HCl, NaCl, and 50 mL of CH2CI2. After shaking, the organic 

layer was separatedt2]. The CH2CI2 layer was dried over MgS04, filtered. 
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and evaporated in vacuo to give a yeUowish oU which solidified pumped 

under high vacuum for 10 h to provide 5.10 g (92 %) of 129 as a yellowish 

solidt3] with mp 42-45 oQ ait.97 oil). IR (deposit fi-om CH2CI2 solution): 

3600-1500 (P-O-H, with three broad maxima at 2600, 2250, and 1650), 1250 

(P=0) cm-l. IH NMR (CDCI3): 1.33 (t, 3H); 3.08 (d, 2H); 4.12-4.27 (m, 2H); 

2.54 (s, IH). Notes : [1] Due to the its high solubiUty in water, ethyl 

iodomethyl-phosphonic acid could not be extracted without saturation of 

the aqueous solution with inorganic salts. [2] It was necessary to repeat 

the extraction at least 5 times. [3] The product was light sensitive and 

hygroscopic. When exposed to light for a day, the color changed to pale 

brown. Therefore, the container should be wrapped with aluminum foil and 

stored in a desiccator. 

General Procedure for the Svnthesis of 
Monoethvl svm-(Alkvl)dibenzo-16-crown-
5-oxvmethvlphosphonic Acids 131-137 

After removal of the protecting mineral oil from NaH (0.20 g, 8.80 

nmiol)tl^ by washing with pentane under nitrogen, a solution of the crown 

ether alcohol (1.76 nmiol) in 100 mL of dry THFt2] was added. The mixture 

was stirred for 2 h at room temperature. Ethyl lodomethylphosphonic 

acid(129)[3] in 10 mL of dry THF (0.66 g, 2.64 mmol) was added dropwise at 

room temperature during a period of 1 h. Following the addition, the 

reaction mixture was stirred for 10 h at room temperature.t"*! After careful 

addition of water to make a homogeneous solution, the THF was 

evaporated in vacuo leaving an aqueous mixture. Ethyl acetate and water 

(100 mL of each) were added and the aqueous layer was separated. The 

aqueous layer was washed with ethyl acetate (3 X 100 mL) to remove the 
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unreacted crown ether alcohol and organic impurities. The aqueous layer 

was acidified to pH 1 with 6 N HCl and 100 mL of CH2CI2 was added. The 

organic layer was separated, washed with 5 % HCl (3 X 50 mL), and brine 

(2 X 50 mL). The organic layer was dried over MgS04, filtered, and 

evaporated in vacuo to give a white solid.ts, 6] No tes : [1] The use of 5 

equivalents of NaH afforded the best yields. [2] Reagent grade THF was 

refluxed over LiAlH4 overnight and distilled. [3] Since monoethyl 

lodomethylphosphonic acid is hygroscopic, it should be dried overnight 

under high vacuum prior to use. The use of 1.5 equivalents provided the 

best yield. [4] Literature^S indicates that ovemight-refluxing gives the 

highest yield (30-45 %). However, in this case, stirring for 10 h at room 

temperature resulted in over 90 % yield. [5] Occasionally a yellowish oil 

was obtained which could be solidified after pumping under high vacuum 

for a day. [6] If a small amount of organic impurities are noticed by TLC, 

they can be removed by the following procedure. Chromatography of the 

crude product on sUica gel with ethyl acetate as eluent gives a yellowish oil. 

Methylene chloride (50 mL) and 100 mL of 5 % HCl were added. After 

shaking, the organic layer was separated and dried over MgS04, filtered, 

and evaporated in vacuo to give the desired product. 

Monoethyl «ym-Dibenzo- 16-crown-5-oxymethylphosphonic 

Acid (131)99 was obtained as a yellowish soUd with mp 84-86 ^C Qit.^^ 91-

92 OC) in 90 % yield. IR (deposit fi-om CH2CI2 solution): 3600-1600 (P-O-H, 

with broad maxima at 2220 and 1650); 1257 (P=0); 1123 (C-0) cm-l. i n 

NMR (CDCI3): 6 1.32 (t, 3H); 3.92-4.36 (m, 17 H); 6.81-7.01 (m, 8H); 10.40 

Obr s, IH). 
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Monoethyl «ym-(Methy l )d ibenzo-16-crown-5-oxymethy l 

phosphonic Acid (132) was realized as a yeUowish solid with mp 144-146 

OC in 90 % yield. IR (deposit fi-om CH2CI2 solution): 3600-1600 (P-O-H, 

with broad maxima at 2220 and 1650); 1255 (P=0); 1122 (C-0) cm-l. I H 

NMR (CDCI3): 6 1.23 (t, 3H); 1.50 (s, 3H); 3.70-4.40 (m, 16 H); 6.80-6.94 (m, 

8H); 8.62 (br s, IH). Anal. Calcd for C23H3iPO9»0.8 H2O: C, 55.60; H, 6.61. 

Found: C, 55.60; H, 6.31. 

Monoethyl 8 y m - ( E t h y l ) d i b e n z o - 1 6 - c r o w n - 5 - o x y m e t h y l 

phosphonic Acid (133) was produced as a yellowish solid with mp 142-

143 OC in 100 % yield. IR (deposit fi-om CH2CI2 solution): 3600-1600 (P-0-

H, with broad maxima at 2220 and 1650); 1256 (P=0); 1123 (C-0) cm-l. I H 

NMR (CDCI3): 5 1.24 (t, 3H); 2.20 (q, 2H); 3.62-4.23 (m, 12 H); 4.39-4.48 (m, 

4H); 6.78-6.96 (m, 8H); 10.46 (br s, IH). Anal. Calcd for C24H33PO9»0.2 

H2O: C, 57.64; H, 6.73. Found: C, 57.64; H, 6.81. 

Monoethyl sy /n - (Propy l )d ibenzo -16 -crown-5 -oxymethy l 

phosphonic Acid (134) was obtained as a yellowish solid with mp 165-

167 OC in 93 % yield. IR (deposit fi-om CH2CI2 solution): 3600-1600 (P-O-H, 

with broad maxima at 2220 and 1650); 1255 (P=0); 1123 (C-0) cm-l. i n 

NMR (CDCI3): 5 0.99 (t, 3H); 1.24 (t, 3H); 1.47-1.51 (m, 2H); 1.87-1.96 (m, 

2H); 3.83-4.22 (m, 12 H); 4.45-4.50 (m, 4H); 6.78-6.97 (m, 8H); 9.73 (br s, 

IH). Anal. Calcd for C25H35P09*1H20:C, 56.79; H, 7.00. Found: C, 56.82; 

H, 6.81. 

Monoethyl « y m - ( B u t y l ) d i b e n z o - 1 6 - c r o w n - 5 - o x y m e t h y l 

phosphonic Acid (135) was obtained as a yellowish solid with mp 123-

125 oC in 90 % yield. IR (deposit fi-om CH2CI2 solution): 3600-1600 (P-O-H, 

with broad maxima at 2220 and 1650); 1254 (P=0); 1123 (C-0) cm-l. I H 
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NMR (CDCI3): 5 0.95 (t, 3H); 1.19 (t, 3H); 1.41 (br s, 4H); 1.91 (br, 2H); 3.85-

4.45 (m, 16 H); 6.79-6.97 (m, 8H); 7.42 (br s, IH). Anal. Calcd for 

C26H37PO9»0.6 CH2CI2: C, 56.79; H, 7.00. Found: C, 56.82; H, 6.81. 

Monoethyl «ym-(Hexyl)dibenzo-16-crown-5-oxymethyl 

phosphonic Acid (136) was obtained as a yeUowish solid with mp 111-

116 oc in 90 % yield. IR (deposit fi-om CH2CI2 solution): 3600-1600 (P-O-H, 

with broad maxima at 2220 and 1650); 1255 (P=0); 1123 (C-0) cml . IH 

NMR (CDCI3): 6 0.89 (t, 3H); 1.19 (t, 3H); 1.23 (br, IIH); 1.90 (br, 2H); 3.49-

4.18 (m, 12 H); 4.46 (t, 4H); 6.78-6.95 (m, 8H); 9.28 (br s, IH). Anal. Calcd 

for C28H41PO9: C, 60.84; H, 7.42. Found: C, 61.03; H, 7.54. 

Monoethyl sym-(Octyl)dibenzo-16-crown-5-oxymethyl 

phosphonic Acid (137)1^0 was obtained as a yellowish oU (Ut.i^O mp 92-93 

OC) in 88 % yield. IR (deposit fi-om CH2CI2 solution): 3600-1600 (P-O-H, 

with broad maxima at 2220 and 1650); 1255 (P=0); 1123 (C-0) cm-l. I H 

NMR (CDCI3): 5 0.89 (t, 3H); 1.19 (t, 3H); 1.23 (br,12H); 1.90 (br, 2H); 3.49-

4.18 (m, 12 H); 4.46 (t, 4H); 6.78-6.95 (m, 8H); 9.28 (br s, IH). 

General Procedure for the Svnthesis of 
.<?vm-(Alkvl)dibenzo-16-crown-5-
oxvmethvlphosphonir Acids 138-141 

Similar procedures which were published earlier are utilized in this 

reaction.101»102 To a solution of the monoethyl sym-(alkyl)dibenzo-16-

crown-5-oxymethylphosphonic acid (9.3 mmol) in 30 mL of CH2Cl2fll was 

added dropwise 2.84 g (18.6 mmol) of bromotrimethylsilane at room 

temperature under nitrogen followed by stirring for an additional 4 h. To 

the reaction mixture was added 10 mL of MeOH. After stirring for 1 h, the 

solvent was evaporated in vacuo to give the desired product as a yellowish 



155 

solid.12] Notes : [1] Methylene chloride must be dried over CaCl2 and 

distilled before use. [2] Further purification was not necessary. The 

product was so hygroscopic that it must be stored in desiccator. 

Measurement of the melting point was not possible due to the hygroscopic 

nature of the product. 

8ym-Dibenzo-16-crown-5-oxymethylphosphonic Acid (138) was 

obtained as a yellowish solid in 99 % yield. IR (deposit from CH2CI2 

solution): 3600-1600 (P-O-H, with broad maxima at 2220 and 1650); 1255 

(P=0); 1124 (C-0) cm-l. 1 H NMR (CDCI3): 5 3.69-4.22 (m, 15 H); 6.76-6.97 

(m, 8H); 10.10 (br s, 2H). Anal. Calcd for C2oH25P09«2.5 H2O: C, 49.49; H, 

6.07. Found: C, 49.47; H, 5.70. 

8ym-(Methyl)dibenzo-16-crown-5-oxymethylphosphonic Acid 

(139) was obtained as a yellowish solid in 99 % yield. IR (deposit from 

CH2CI2 solution): 3600-1600 (P-O-H, with broad maxima at 2220 and 

1650); 1252 (P=0); 1123 (C-0) cm-l. IH NMR (CDCI3): 5 1.43 (s, 3H); 3.82-

4.32 (m, 14 H); 6.76-6.98 (m, 8H); 8.25 (br s, 2H). Anal. Calcd for 

C2iH27P09«l.l CH2CI2: C, 48.45; H, 5.37. Found: C, 48.56; H, 5.76. 

sym-(Ethyl)dibenzo-16-crown-5-oxymethylphosphonic Acid 

(140) was obtained as a yellowish solid in 100 % yield. IR (deposit from 

CH2CI2 solution): 3600-1600 (P-O-H, with broad maxima at 2220 and 

1650); 1254 (P=0); 1123 (C-0) cm-l. IH NMR (CDCI3): 6 0.99 (t, 3H); 1.94 

(q, 2H); 3.80 -4.10 (m, lOH); 4.25 (d, 4 H); 6.77-6.95 (m, 8H); 10.15 (br s, 

2H). Anal. Calcd for C22H29PO9'0.7 CH2CI2: C, 51.65; H, 5.80. Found: C, 

51.78; H, 5.88. 

^m-(Propyl)dibenzo- 16-crown-5-ox3miethylphosphonic Diacid 

(141) was realized as a yellowish solid in 100 % yield. IR (deposit from 
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CH2CI2 solution): 3600-1600 (P-O-H, with broad maxima at 2220 and 

1650); 1254 (P=0); 1123 (C-0) cm-l. i n NMR (CDCI3): 6 0.99 (t, 3H); 1.43-

1.46 (m, 2H); 1.81-1.89 (m, 2H); 3.79 -4.09 (m, 10 H); 4.15 (d, 4 H); 6.77-6.95 

(m, 8H); 10.10 (br s, 2H). Anal. Calcd for C23H3iPO9«0.6 CH2CI2: C, 53.14; 

H, 6.08. Found: C, 53.02; H, 6.12. 

Svnthetic Procedures for the Preparation of Crown 
Ether Phosphonic Acid Monoethvl Ester 143 

2-[^m-(Methyl)dibenzo-16-crown-5-oxyM-bromoethane (147). 

To a stirred suspension of 8.01 g (0.045 mol) of NBS in 100 mL of CH2CI2 at 

room temperature was added dropwise 11.01 g (0.042 mol) of 

triphenylphosphine in 20 mL of CH2CI2 under nitrogen. To this mixture 

was added dropwise 1.45 mL (0.018 mol) of pyridine foUowed by slow 

addition (61) of 6.01 g (0.015 mol) of 2-[sym-(methyl)dibenzo-16-crown-5-

oxylethanol in 10 mL of CH2CI2. The mixture was stirred for 10 h at room 

temperature. Saturated aqueous NaHC03 solution (150 mL) was added 

and, after shaking, the CH2CI2 layer was separated. The organic layer was 

washed with saturated aqueous NaHC03 (2 X 100 mL) and 100 mL of 6N 

HCl. The organic layer was dried over MgS04 and the CH2CI2 was 

evaporated in vacuo to give a yeUowish oU. Chromatography of the residue 

on sUica gel with ethyl acetate-hexanes (1:4) as eluent gave 5.30 g (75 %) of 

147 as a coloriess oU. IR (neat): 1123 (C-0) cm-i. iH NMR (CDCI3): 6 1.52 

(s, 3H); 3.49 (t, 2H); 3.85-4.36 (m, 14H); 6.81-6.99 (m, 8H). Anal. Calcd. for 

C22H2706Br: C, 56.53; H, 5.82. Found: C, 56.30; H, 5.68. 

Dimethyl 2- [«ym-(Methyl )dibenzo-16-crown-5-oxy]ethyl 

phosphonate (151). A solution of 3.60 g (7.7 mmol) of 147 and 2.86 g (23.1 

mmol) of tr imethylphosphite was refluxed for 10 h. Excess 
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trimethylphosphite was removed by vacuum distiUation to give the crude 

product as a colorless oil. Chromatography of the residue on silica gel v,ith 

ethyl acetate-hexanes (1:2) as eluent gave 3.02 g (79 %) of 151 as a colorless 

oil. IR (neat): 1256 (P=0); 1122 (C-0) cm-l. i n NMR (CDCI3): 6 1.43 (s, 

3H); 3.70 (d, 6H); 3.93-4.24 (m, 14H); 6.84-6.94 (m, 8H). Anal. Calcd. for 

C24H33O9P-0.7H20: C, 56.62; H, 6.81. Found: C, 56.71; H, 6.61. 

Monomethyl 2-[«ym-(Methyl)dibenzo-16-crown-5-oxy]ethyl 

phosphonic Acid (152). A solution of 2.40 g (4.8 mmol) of 151, 0.96 g 

(0.024 mol) of NaOH, and 100 mL of 80 % of EtOHtH was stirred for 24 h at 

room temperature. After the EtOH was removed by vacuum distillation at 

room temperature,f2] 50 mL of water was added, and the unreacted 151 and 

organic impurities were extracted with ethyl acetate (2 X 100 mL). The 

aqueous layer was acidified to pH 1 with 6N HCl and extracted with 

CH2CI2 (2 X 50 mL). The CH2CI2 layer was separated, dried over MgS04, 

and evaporated in vacuo to afford 1.72 g (74 %) of 152 as a colorless oil. IR 

(neat): 3404 (0-H); 1266 (P=0) cm-l. IH NMR (CDCI3): 6 1.51 (s, 3H); 2.06-

2.22 (m, 2H); 3.63 (d, 3H); 3.75-4.27 (m, 14H); 6.79-6.97 (m, 8H); 9.97 (br s, 

IH). Anal. Calcd. for C23H31O9P: C, 57.26; H, 6.48. Found: C, 57.03; H, 

6.60. Notes: [1] The use of 80 % EtOH gave the best yield by reducing the 

competing retro-Michael reaction. With the use of 100 % EtOH or 95 % 

EtOH revealed that a considerable amount of sym-(hydroxy)(methyl)-

dibenzo-16-crown-5 was evident upon TLC analysis. [2] Evaporation of the 

EtOH above room temperature (>30 ^C) resulted in a retro-Michael 

reaction to give sym-(hydroxy)-(methyl)dibenzo-16-crown-5. 

Monoethyl 2-[»ym-(Methyl)dibenzo-16-crown-5-oxylethyl 

phosphonic Acid (143). To a solution of 300 mg (0.62 mmol) of 152, 42 
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mg (0.93 nmiol) of EtOH, and 240 mg (0.92 nunol) of triphenylphosphine 

dissolved in 20 mL of dry THF was added dropwise^H 188 mg (0.93 mmol) 

of diisopropylazodicarboxylate. The mixture was stirred for 2 h at room 

t empera tu re under nitrogen and 0.246 mL (1.80 mmol) of 

bromotrimethylsUanet2] was added followed by stirring for an additional 1 

h. The reaction mixture was diluted with diethyl ether (20 mL) and 

extracted with 5 % aqueous NaHC03 (2 X 10 mL). The aqueous layer was 

washed with diethyl ether (2 X 30 mL), acidified to pH 2 with 6 N HCl, and 

extracted with ethyl acetate (3 X 30 mL). The organic layer was dried over 

MgS04, filtered, and evaporated in vacuo to give 250 mg (86 %) of 143 as a 

colorless oil. IR (neat): 3404 (0-H); 1266 (P=0); 1123 (C-0) cm-l. i n NMR 

(CDCI3): 6 1.12 (t, 3H); 1.51 (s, 3H); 2.05-2.22 (m, 2H); 3.86-4.27 (m, 16H); 

6.80-6.98 (m, 8H). Anal. Calcd. for C24H33O9P-0.5H2O: C, 57.02; H, 6.77. 

Found: C, 56.96; H, 6.66. N o t e s : [1] As soon as the 

diisopropylazodicarboxylate was added, the color of reaction mixture 

changed from colorless to orange. The orange color changed back to 

colorless in about 10 min. [2] While the bromotrimethylsilane is being 

added, the color of reaction mixture should change to yellow. This indicates 

that reaction is finished. 

Svnthesis Procedures for the Preparation of Crown 
Ether Phosphonic Acid Monoethvl Ester 144 

3-[sym-(Methyl)dibenzo-16-crown-5-oxyM-bromopropane 

(148). To a stirred suspension of 7.63 g (0.043 mol) of NBS in 100 mL of 

CH2CI2 at room temperature was added dropwise 10.05 g (0.04 mol) of 

triphenylphosphine in 20 mL of CH2CI2 under nitrogen. To this mixture 

was added dropwise 1.35 g (0.017 mol) of pyridine foUowed by slow addition 
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of 6.00 g (0.014 mol) of 3-[sym-(methyl)dibenzo-16-crown-5-oxy]-l-propanol 

(66) in 10 mL of CH2CI2. The mixture was stirred for 5 h at room 

temperature and then dUuted with 100 mL of CH2CI2 and 100 mL of 5 % 

aqueous NaHC03. The organic layer was separated and washed with 

saturated aqueous NaHC03 (3 X 100 mL) and 100 mL of brine. The 

CH2CI2 layer was dried over MgS04, filtered, and evaporated in vacuo to 

give a dark brown oil. Chromatography of the residue on silica gel with 

ethyl acetate-hexanes (1:4) as eluent gave 5.09 g (74 %) of 148 as a white 

solid with mp 90-91 oC. IR (neat): 1122 (C-0) cm-l. I H NMR (CDCI3): 5 

1.51 (s, 3H); 2.15 (m, 2H); 3.57 (t, 2H); 3.64-94 (m, 6H); 4.12-4.25 (m, 8H); 

6.61-6.97 (m, 8H). Anal. Calcd. for C23H2906Br: C, 57.39; H, 6.07. Found: 

C, 57.07; H, 6.0L 

Diethyl 3 - [»ym-(Methyl )d ibenzo-16-crown-5-oxylpropyl 

phosphonate (150). A solution of 2.58 g (5.4 nmiol) of 148 and 2.67 g (16.0 

mmol) of triethyl-phosphite was refluxed for 3 h. Excess triethylphosphite 

was removed by vacuum distillation to give the crude product as a colorless 

oil. Chromatography of the residue on silica gel with ethyl acetate-hexanes 

(1:2) as eluent gave 2.25 g (78 %) of 150 as a colorless oU. IR (neat): 1257 

(P=0); 1122 (C-0) cm-l. I H NMR (CDCI3): 5 1.30 (t, 6H); 1.49 (m, 4H); 3.80 

(t, 2H); 3.90-4.25 (m, 16H); 6.82-6.96 (m, 8H). Anal. Calcd. for C27H39O9P: 

C, 60.22; H, 7.30. Found: C, 60.17; H, 7.30. 

Monoethyl 3-[«ym-(Methyl)dibenzo-16-crown-5-oxylpropyl-

phosphonic Acid (144). A solution of 3.00 g (5.6 mmol) of 150, 0.96 g (11.0 

mmol) of NaOH, and 100 mL of 95 % of EtOH was refluxed for 6 h. Afl^r 

EtOH was removed in vacuo, 50 mL of water was added. The unreacted 150 

and organic impurities were extracted with ethyl acetate (2 X 100 mL). The 
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aqueous layer was acidified to pH 1 with 6N HCl and extracted with 

CH2CI2 (2 X 50 mL). The CH2CI2 layer was dried over MgS04, filtered, 

and evaporated in vacuo to give 2.58 g (91 %) of 144 as a colorless oil. IR 

(neat): 3404 (0-H); 1256 (P=0); 1123 (C-0) cm-l. i n NMR (CDCI3): 6 1.29 

(s, 3H); 1.49 (s, 3H); 1.67-1.91 (m, 4H); 3.79-4.23 (m, 16H); 6.81-6.96 (m, 

8H); 8.64 (br s, IH). Anal. Calcd. for C25H35O9P: C, 58.82; H, 6.91. Found: 

C, 58.60; H, 7.04. 

Svnthetic Procedures for the Preparation of 
Crown Ether Phosphonic Acid Monoethvl Ester 153 

8ym-Hydroxybis[4(5)-*er^-butylbenzol-16-crown-5 (155).i^^ 

MeOH (1.5 L) was swept with nitrogen and 20.0 g (0.049 mol) of 154 and 

3.98 g (0.098 mol) of NaOH were added. The solution was refluxed for 3 h 

under nitrogen atmosphere. The solution had cooled to 50 ®C and 4.60 g 

(0.049 mol) of epichlorohydrin in 30 mL of MeOH was added during a 

period of 8 h. The mixture was refluxed for 20 h and cooled to 50 ^C. After 

3.0 g (0.074 mol) of NaOH was added, 4.60 g (0.049 mol) of epichlorohydrin 

in 10 mL of MeOH was added during a period of 5 h, followed by refluxing 

for 10 h. After the MeOH was removed in vacuo, 300 mL of CH2CI2 and 

200 mL of H2O were added to the residue. The organic layer was 

separated, washed with 5 % HCl (2 X 100 mL), dried over MgS04, and 

evaporated in vacuo to give a yeUowish oU. Diethyl ether (250 mL) was 

added and the mixture was heated to produce a solution which was placed 

in a refrigerator and afforded 7.60 g (38 %) of 155 as a white solid with mp 

164-166 oc (lit. 103 175-177 ©C). IR (neat): 3375 (0-H); 1122 (C-0) cm-l. IH 

NMR (CDCI3): 5 1.27 (s, 9H); 3.2 (br s, IH); 3.88-4.28 (m, 13H); 6.78-7.04 

(m, 6H). 
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1-{«ym-Bis[4(5)-/er*-butylbenzol - 16-crown-5-oxy)-4-

bromobutane (156).l03 To 19.0 g (0.040 mol) of 155 in 90 mL of CH2CI2 

was added 26.5 g (0.12 mol) of 1,4-dibromobutane, 0.68 g (2.0 mmol) of 

tetrabutylanunonium hydrogen sulfate, and 30 mL of 50 % aqueous NaOH 

solution. The mixture was stirred very vigorously with a mechanical stirrer 

for 9 h at reflux. The CH2CI2 layer was separated, washed by 5 % HCl (2 X 

100 mL), dried over MgS04, and evaporated in vacuo to give a colorless oil. 

Chromatography of the residue on alumina with ethyl acetate-hexanes (1:6) 

as eluent gave 18.1 g (74 %) of 156 as a colorless oU.tH IR (neat): 1252; 

1145 (C-0) cm-l. IH NMR (CDCI3): 6 1.13 (s, 9H); 1.78-1.88 (m, 2H); 1.99-

2.10 (m, 2H); 3.48 (t, 2H); 3.78-4.31(m, 15H); 6.75-7.03 (m, 6H). Note: [1] 

On TLC [silica gel with ethyl acetate-hexanes (3:7)] spots with Rf values of 

0.4 and 0.5 were noted for two structural isomers. 

Diethyl 4-{sym-Bis[4(5)-^er^-butylbenzo]- 16-crown-5-oxy)butyl 

phosphonate (157).103 A solution of 2.00 g (3.3 mmol) of 156 and 1.78 

mL (10.0 mmol) of triethylphosphite was stirred for 10 h at 160 ^C under 

nitrogen. The excess triethyl phosphite was removed by vacuum 

distiUation. Chromatography of the residue on silica gel with ethyl acetate-

hexanes (1:5) as eluent gave 1.17 g (80 %) of 157 as a colorless oU. IR 

(neat): 1256 (P=0); 1122 (C-0) cm-l. IH NMR (CDCI3): 5 1.21-1.33 (m, 

24H); 1.78 (br s, 6H); 3.91-4.17 (m, 19H); 6.79-7.01 (m, 6H). 

Monoethyl 4-{»ym-Bis[4(5)-*er^ibutylbenzo]-16-crown-5-

oxylbutylphosphonic Acid (153).l03 A solution of 10.2 g (0.015 mol) of 

157, 1.25 g (0.031 mol) of NaOH, and 250 mL of 95 % of EtOH was refluxed 

for 10 h. Afi^r the EtOH was evaporated in vacuo, 100 mL of water was 

added and the unreacted 157 and organic impurities were extracted with 
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ethyl acetate (2 X 100 mL). The water layer was acidified to pH 1 with 6N 

HCl and the acidic aqueous solution was extracted with CH2CI2 (2 X 100 

mL). The organic layer was dried over MgS04, filtered, and evaporated in 

vacuo to afford 8.54 g (88 %) of 153 as a white soUd with mp 32 ^C (lit. 103 

33-34 OC). IR (neat): 3404 (0-H); 1266 (P=0); 1123 (C-0) cm-l. I H NMR 

(CDCI3): 5 1.22-1.32 (m, 21H); 1.76 (br s, 6H); 3.76-4.27 (m, 17H); 6.74-7.01 

(m, 6H). 

Svnthetic Procedures for the Preparation of 
AcvcUc Polvether Phosnhonic Acids 160 and Ifil 

Monoethyl 4 - ( o - M e t h o x y p h e n o x y m e t h y l ) - 5 - ( o - m e t h o x y 

phenoxy)-3-oxaphosphonic Acid (158). Afi^r removal of the protecting 

mineral oil from NaH (0.20g, 35 % dispersion in mineral oil, 8.80 mmol) by 

washing with pentane under nitrogen, a solution of l,3-bis(o-

methox3rphenoxy)-2-propanol (101) (0.53 g, 1.76 nmiol) in 100 mL of dry 

THF was added. The mixture was stirred for 2 h at room temperature. 

Ethyl iodomethylphosphonic acid (0.66 g, 2.64 mmol) in 10 mL of dry THF 

was added dropwise during a period of 1 h at room temperature. Following 

completion of the addition, the reaction mixture was stirred for 10 h at 

room temperature. After careful addition of water to make a homogeneous 

solution, the THF was evaporated in vacuo leaving an aqueous mixture. 

Ethyl acetate and water (100 mL of each) were added and the aqueous 

layer was separated. The water layer was washed with ethyl acetate (3 X 

100 mL ) to remove the unreacted starting material and organic impurities. 

The aqueous layer was acidified to pH 1 with 6 N HCl and 100 mL of 

CH2CI2 was added. The organic layer was separated, washed with 5 % HCl 
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(3 X 50 mL), and brine (2 X 50 mL). The organic layer was dried over 

MgS04, filtered, and evaporated in vacuo to give 0.66 g (88 %) of 158 as a 

yellowish oil. IR (neat): 3600-1600 (P-O-H, with broad maxima at 2220 and 

1650); 1253 (P=0); 1123 (C-0) cm-l. I H NMR (CDCI3): 6 1.29 (t, 3H); 3.83 

(s, 6 H); 4.11-4.29 (m, 9H); 6.86-6.97 (m, 8H); 8.41 (br s, IH). Anal. Calcd 

for C2oH27P08*H20: C, 54.05; H, 6.53. Found: C, 53.91; H, 6.49. 

Monoethyl 4 - (p -Methoxyphenoxymethy l ) -5 - (p -methoxy 

phenoxy)-3-oxaphosphonic Acid (159). After removal of the protecting 

mineral oil fi*om NaH (0.20 g, 35 % dispersion in mineral oil, 8.80 mmol) by 

washing with pentane under nitrogen, a solution of l,3-bis(p-

methox3rphenoxy)-2-propanol (102) (0.53 g, 1.76 mmol) in 100 mL of dry 

THF was added. The mixture was stirred for 2 h at room temperature and 

0.66 g (2.64 mmol) of ethyl iodomethylphosphonic acid in 10 mL of dry THF 

was added dropwise during a period of 1 h at room temperature. Following 

completion of the addition, the reaction mixture was stirred for 10 h at 

room temperature. Afiier careful addition of water to make a homogeneous 

solution, the THF was evaporated in vacuo leaving an aqueous mixture. 

Ethyl acetate and water (100 mL of each) were added and the aqueous 

layer was separated. The water layer was washed with ethyl acetate (3 X 

100 mL) to remove the unreacted starting material and organic impurities. 

The aqueous layer was acidified to pH 1 with 6 N HCl and 100 mL of 

CH2CI2 was added. The organic layer was separated, washed with 5 % HCl 

(3 X 50 mL), and brine (2 X 50 mL). The organic layer was dried over 

MgS04, filtered, and evaporated in vacuo to give 0.57 g (76 %) of 159 as a 

yellowish oU. IR (neat): 3600-1600 (P-O-H, with broad maxima at 2220 and 

1650); 1253 (P=0); 1123 (C-0) cm-l. IH NMR (CDCI3): 6 1.21 (t, 3H); 3.73 
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(s, 6 H); 4.08-4.18 (m, 9H); 6.76-6.83 (m, 8H); 10.04 (br s, IH). Anal. Calcd 

for C2oH27P08*H20: C, 54.05; H, 6.53. Found: C, 54.32; H, 6.61. 

4-(o-Methoxyphenoxymethyl)-5-(o-methoxyphenoxy)-3-

oxaphosphonic Acid (160). To a solution of the compound 158 (3.96 g, 

9.3 nmiol) in 30 mL of CH2CI2 was added dropwise 2.84 g (18.6 mmol) of 

bromotrimethylsileme at room temperature under nitrogen followed by 

stirring for an additional 4 h. To the reaction mixture was added 10 mL of 

MeOH. After stirring for 1 h, the solvent was evaporated in vacuo to give 

the desired product 160 as a yeUowish oU. IR (neat): 3600-1600 (P-O-H, 

with broad maxima at 2220 and 1650); 1254 (P=0); 1121 (C-0) cm-l. I H 

NMR (CDCI3): 5 3.73 (s, 6 H); 4.08-4.18 (m, 7H); 6.76-6.83 (m, 8H); 10.04 (br 

s, 2H). 

4-(p-Methoxyphenox3anethyl)-5-(p-methoxyphenoxy)-3-

oxaphosphonic Acid (161). To a solution of the compound 159 (3.96 g, 

9.3 nunol) in 30 mL of CH2CI2 was added dropwise 2.84 g (18.6 mmol) of 

bromotrimethylsilane at room temperature under nitrogen followed by 

stirring for an additional 4 h. To the reaction mixture was added 10 mL of 

MeOH. After stirring for 1 h, the solvent was evaporated in vacuo to give 

the desired product 161 as a yeUowish oil. IR (neat): 3600-1600 (P-O-H, 

with broad maxima at 2220 and 1650); 1254 (P=0); 1121 (C-0) cm-l. 1 H 

NMR (CDCI3): 5 3.70 (s, 6 H); 4.08-4.18 (m, 7H); 6.77-6.80 (m, 8H); 11.00 (br 

s, 2H). 
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General Procedure for Svnthesis of Crown 
Ether Sulfonic Add Sodium Salts 162 and 164 

Afl^r removal of the mineral oU in 0.33 g (35 % dispersion in mineral 

oil, 9.0 mmol) of NaH with pentane, 1.0 mmol of crown ether alcohol in 100 

mL of dry THF was added slowly at O ®C under nitrogen followed by 

stirring for 2 h at room temperature. To this reaction mixture 1.40 g (1.2 

mmol) of 1,3-propanesultone in 10 mL of dry THF was added dropwise 

during a period of 1 h followed by stirring at room temperature for 6 h. 

After the white solid was filtered, it was dissolved in 30 mL of methylene 

chloride. The CH2CI2 solution was filtered through with sintered glass 

filter. The solvent was evaporated in vacuo to give a white solid which was 

recrystallized firom 50 mL of a solution of methylene chloride:diethyl ether 

(1:1) to give white crystals. 

Sodium 3-[sym-(Propyl)dibenzo-16-crown-5-oxylpropane 

sulfonate (162) was obtained as white crystals with mp 132-136 ^C 

(foaming); 149 ^C (melting) in 64 % yield. IR (deposit from CH2CI2 

solution): 1253, 1043 (SO3-); 1128 (C-0) cm-l. i n NMR (CDCI3): 5 1.01 (t, 

3); 1.46-1.66 (m, 4H); 2.08 (m, 2H); 3.07 (t, 2H); 3.73-4.30 (m, 12H); 4.72 (t, 

2H); 6.65-6.99 (m, 8H). Anal. Calcd for C25H33O9SNa»0.5 H2O: C, 55.45; 

H, 6.28. Found: C, 55.64; H, 6.08. 

Sodium 5-(o-Methoxyphenoxymethyl)-6-(o-methoxyphenoxy)-

4-oxapropanesulfonate (163) was realized as a white solid with mp 65-

110 OC (foaming); 152-165 ^C (melting) in 82 % yield. IR (deposit from 

CH2CI2 solution): 1253, 1049 (SO3-); 1124 (C-0) cm-l. i n NMR (CDCI3): 6 

1.94 (br, 2H); 2.85 (br, 2H); 3.63 (br, 2H); 3.75 (s, 6H); 3.95 (m, IH); 4.18 (m, 
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4H); 6.73-6.88 (m, 8H). Anal. Calcd for C2oH2508SNa-0.5 H2O: C, 52.46; 

H, 5.68. Found: C, 52.21; H, 5.75. 

Sodium 5-(p-Methoxyphenoxymethyl)-6-(p-methoxyphenoxy)-

4-oxapropanesulfonate (164) was produced as a white solid with mp 70-

100 OC (foaming); 144-150 ©C (melting) in 57 % yield. IR (deposit from 

CH2CI2 solution): 1230, 1044 (SO3-); 1128 (C-0) cm-l. I H NMR (CDCI3): 6 

1.95 (br, 2H); 2.95 (br, 2H); 3.62 (s, 6H); 3.42-3.74 (m, 3H); 3.93 (br, 4H); 

6.72 (s, 8H). AnaL Calcd for C2oH2508SNa-lH20: C, 51.45; H, 5.78. 

Found: C, 51.88; H, 5.71. 
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