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ABSTRACT 

Cyclization studies show that the CS2CO3 instigated reaction 

of the dimesylate of triethyleneglycol with 2,2'-bis[4(5)-tert-butyl-6-

hydroxyphenoxy]-ethyl ether in MeCN is the best available method 

for preparation of sym-di[4(5)-tert-butylbenzo]-21 -crown-7. 

The lipophilicity and substitution pattern of hydrocarbon 

substituents are varied in a series of novel lipophilic 18-crown-6 

compounds. Two synthetic methods are used. The first involves 

cyclization of a functionalized primary bis-hydroxy intermediate with 

its ditosylate. The second method implements a DMF-THF(4:1) 

solvent mixture to facilitate the cyclization of functionalized vicinal 

diols with the ditosylates of polyethylene glycols. 

The synthesis of a series of proton-ionizable crown ethers is 

described, lonizable pendant arms are attached by alkylation and 

subsequent hydrolysis, if appropriate, of hydroxy- and 

(hydroxymethyl)crown alkoxides with BrCH2C02H, BrCH2C02Et 

and CH2=CHCN. The (hydroxymethyl)crown ethers are derived by 

hydroboration-oxidation of novel vinylidene crown ethers, which are 

produced by cyclization of methallyl dichloride and bisphenols. 

A series of proton-ionizable azacrown ethers are synthesized 

by incorporation of a tosylaza group into a bisphenol that is cyclized 

with epichlorohydrin. The N-tosyl hydroxycrown ethers are then 

alkylated with BrCH2C02H or BrCH2C02Et. The ring nitrogen is 

alkylated with bromodecane in one compound and with 

BrCH2C02Et in another. 



Two di(proton-ionizable) crown ethers are prepared by 

alkylation of a primary amine substituted dibenzo-16-crown-5 with 2 

equivalents of BrCH2C02Et followed by basic hydrolysis. 
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CHAPTER I 

INTRODUCTION TO CROWN ETHERS 

Historical Perspective 

The first macrocyclic polyethers were reported by Luttringhaus in 

1937.1 In this paper, a low yield synthesis of the 20-membered 

crown ether 1 was documented (Figure 1). 

r^ 
•o o' 

Figure 1. The first reported crown ether. 

The value of cyclic polyethers was not recognized for another 30 

years. Host-guest chemistry was discovered in 1967 when 

Pederson observed that a macrocyclic polyether which he had 

synthesized by accident was insoluble in methanol unless a sodium 

salt was added (Figure 2).2 Pederson recognized that the cyclic 

polyether ring formed a complex with the sodium cation and the field 

of host-guest chemistry was born. 



r-"-^ 

Insoluble in MeOH Soluble in MeOH 

Figure 2. Dibenzo-18-crown-6 is insoluble in MeOH but its 
Na+ complex is soluble. 

The cyclic polyether shown in Figure 2 gives the appearance of a 

crown and in the complexed species the macrocycle seems to 

"crown" the sodium cation. Because of these observations, 

Pederson named this novel class of polyethers "Crown Ethers."3 

To avoid the cumbersome systematic nomenclature for such 

macrocyclic polyethers, Pederson proposed a simplified system of 

trivial names. Pederson's nomenclature consisted of naming in 

order: the number and kind of substituents on the macrocyclic ring; 

the total number of atoms in the polyether ring; the class name of 

crown; and the number of donor atoms in the polyether ring. 

Employing this nomenclature, the macrocycle shown in Figure 2 is 

termed "Dibenzo-," "18-," "Crown-," and "-6," ultimately giving the 

name "Dibenzo-18-crown-6". 

Beyond devising the nomenclature, Pederson also investigated 

4 fundamental synthetic approaches for preparing crown ether 

compounds (Scheme 1). The diol reactants can have alkyl 

substituents or, as in most of Pederson's work, they can be ortho 

diphenols. The letters R, S, T,U, and V represent divalent organic 



Method A 
.OH 

X + 2NaOH + CI-R-CI. 

OH 

Method B 

x: :x + 2NaOH + CI-T-CI 

Method 0 

. OH 

2 T +2NaOH + 2CI-U-CI 

Method D 

o 
\ 

/ 
R +2NaCI + 2HoO 

.0 ' 

OH 

V-CI 

V, 

+ 2NaOH x : 
^^v-

.0 ' o 
+ 2NaCI + 2H2O 

o ^ ^ o ' 

.u 
o. 

+ 2NaCI + 2H2O 

+ 2NaCI + 2HoO 

.0 

Scheme 1 

groups, usually polyethyl ethers of varying lengths. The reaction 

solvent was usually dioxane, water or butanol. 

Pederson established that method B (Scheme 1) was the most 

effective for synthesizing dibenzo crown ethers. As an example, he 

synthesized dibenzo-18-crown-6 in an 80% yield by method B, but in 

only a 45% yield by method C. A few of Pederson's first crown 

ethers, the method used for their preparation, and the yields 

achieved are given in Table 1. 



Table 1 

Yields and Synthetic Methods Used by Pederson 
to Prepare Some of the First Crown Ethers. 

Crown Ether 

Benzo-12-crown-4 

Dibenzo-14-crown-4 

Dibenzo-16-crown-5 

18-Crown-6 

Dibenzo-18-crown-6 

Dicyclohexano-18-crown-6 

Dibenzo-21 -crown-7 

Method 

A 

B 

B 

new^ 

B 

Bb 

B 

Yield 

4% 

27% 

18% 

2% 

80% 

67% 

36% 

^The synthesis involved cyclization of 17-chloro-3,6,9,12,15-
pentaoxaheptadecanol with K+-OBu-t in 1,2-dimethoxyethane. 

bThe dibenzo precursor was hydrogenated over Ru02. 

Pederson synthesized more than 60 crown ether compounds. 

During his investigations he noted that if an appropriate cation was 

present in the reaction mixture a higher yield of the desired product 

was often obtained. The contribution of this cation during cyclization 

came to be known as the template effect.4 The template effect can 

arise if a cationic species present in the reaction mixture acts as a 

template for the polyether substrate to organize itself around. This 

templating by the cation aids in the cyclization (Figure 3). The size 

of the cationic templating species has to be compatible with the 

specific ring size that is forming for the template effect to be 

optimized. 



K*"OBu-l 

OTs 

o o 

^o o^ 

Figure 3. The potassium ion acts as a template for the 
formation of the 18-crown-6 ring. 

Cation Complexation by Crown Ethers 

Pederson examined the abilities of the crown ether llgands that 

he had prepared to complex various mono- and divalent metal 

cations. The ability of crown ethers to complex other cationic 

species such as diazonium ions^ and primary or secondary alkyl 

ammonium salts^J has since been recognized. 

The crown ether "host" forms complexes by combining 

favorable ion-dipole interactions between the cationic "guest" and 

the nonbonding electrons of the crown ether's donor atoms. Several 

structural features of the macrocyclic polyether influence the degree 

of stability and selectivity with which it can form a complex with a 

cation: the relative sizes of the cation and the cavity of polyether 

ring; the coplanarity of the oxygen atoms in the crown ether ring; the 

number of oxygen atoms; the symmetrical placement of the oxygen 

atoms; the basicity of the oxygen atoms; and steric hindrance in the 

polyether ring. Of these parameters, perhaps the most important 



for determining the selectivity is the relative size of the crown ether 

cavity and the cation that is being complexed (Figure 4). 

Cation 
Na+ 
K+ 
Cs+ 

Diameter 
1.90 A 
2.66 A 
3.34 A 

Crown Ethfir 
14-Crown-4 
15-Crown-5 
18-Crown-6 

Diameter„ 
1.2- 1.5A 
1.7-2.2 A 
2.6-3.2 A 

Na+ K+ Cs+ 

3.8 

3.4 

3.0 

2.6 ,_ 

1.90 

Cyclohexano-18-crown-6 

Cyclohexano-15-crown-5 

2.66 

Dicyclohexano-14-crown-4 

4-
3.34 

Log Ks. vs. Ion Diameter in Angstroms 
Figure 4. Host-guest size compatibility is the most determinant 
factor of guest selectivity. 



7 
By analysis of the data in Figure 4 it becomes apparent that if the 

crown ether cavity is just slightly larger than the diameter of the ion 

with which it is binding then a large stability constant, Ks, for the 

complexation is observed. If the cation is too large or too small for 

the crown ether cavity, then the stability constant decreases. 

The cyclohexano-18-crown-6 ligand has an approximate cavity 

diameter of 2.6-3.2 angstroms and the ionic diameter of K+ is 2.66 

angstroms. The stability constant for the cyclohexano-18-crown-6-

K+ complex in MeOH is much higher than for the complex with either 

sodium or cesium.^ Therefore, the cyclohexano-18-crown-6 would 

show a tendency to selectively bind potassium ions in the presence 

of sodium or cesium ions. 

An important factor which contributes to the stability constant for 

binding a cationic guest by a crown ether host is the preorganization 

of the polyether ring.9 Normally unsubstituted crown ethers do not 

possess a symmetrical cavity until complexation occurs (Figure 5). 

SCN-

O H U O>. ^ O >O 

Figure 5. The cavity of 18-crown-6 is not organized until 
complexation occurs. 



8 
As shown in Figure 5, the hydrophilic cavity of 18-crown-6 is 

not organized until complexation with a cationic guest occurs. The 

crystal structure of the free ligand shows that the cavity of 18-crown-

6 is obstructed by inward-pointing methylene hydrogens. "• 0 These 

inward-facing hydrogens could be expected to impede 

complexation. Once a complex has formed, the cavity is organized 

and has a hydrophilic interior and hydrophobic exterior. By 

preorganizing the ring, the obstruction from inward pointing 

hydrogens can be removed and complexation can be enhanced, 

ultimately increasing the stability of the complex. 

A substituent on the crown ether always adds rigidity to the 

polyether ring and may or may not contribute to its preorganization. 

If the substituent contributes to preorganization a higher stabiity 

constant can be expected. If the substituent disorganizes the ring 

then destabilization of the complex is expected. 

Other Types of Molecular Receptors 

Since Pederson's initial investigations established that a crown 

ether host could be designed as a receptor for a specific cationic 

guest, a massive research effort has made rapid progress in the 

understanding of ionic and molecular inclusion phenomena. 

By building on the initial concept of guest encapsulation by a 

crown ether, other molecular receptors which show stronger 

complexation and higher selectivity for specific guests have been 

designed and synthesized. Two examples of these more 



sophisticated molecular receptors are cryptands"! 1 and 

spherands''^ (Figure 6). 

The host molecules shown in Figure 6 are just two of the 

numerous other receptors that have been synthesized. The class of 

compounds called cryptands were designed to increase cation 

complexation and selectivity relative to crown ethers by increasing 

the number of donor atoms available in the guest cavity and by 

rigidifying the cavity itself. The spherands were designed to 

increase the rigidity of the receptor cavity relative to crown ethers. 

As a consequence, the common feature for this class of compounds 

is a rigid preorganized cavity which can bind very selectively with 

specific cationic guests. 

J—o o—V 

C ̂  ) 
^̂ —o o^f 

Cryptand 
H3C ^ = •^^•^S CH3 

H3C CH3 

Spherand 

Figure 6. Examples of different types of host molecules. 
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For more examples of the different classes of host molecules, 

the reader is directed to several texts and reviews.''3,14,15,16 

Structurally-modified Crown Ethers 

Lipophilic Crown Ethers 

For alkali metal cation extraction from an aqueous source phase 

into an organic receiving phase, host llgands with very limited water 

solubility but high organic phase solubility are needed. If the crown 

ether is water soluble it will be lost to the aqeous source phase 

during extraction rendering the extraction a failure. If the crown 

ether has limited solubility in the aqueous source phase then 

extraction of the metal cations to the organic phase can progress. 

Introducing lipophilicity into the crown ether molecule can 

produce the desired low solubility in aqeous media. A lipophilic 

group can be introduced either directly on the crown ether ring or to 

a substituent that is already on the ring (Figure 7). 

C H 3 ( C H 2 ) 7 v > - V o ^ 

^O o 

2 

Figure 7. The lipophilic group can be introduced directly on the 
ring as in 2 or on a substituent already on the crown ring as in 3. 
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Where the lipophilic group is introduced can affect the cation 

complexation abilities of the crown ether. If the substituent is 

introduced on the crown ether ring itself as in compound 2, the 

conformation of the ring and thus its preorganization may be 

affected either positively or adversely. If the lipophilic group is 

introduced on a substituent that is already on the ring as in 3 then 

the conformation of the polyether ring will not be affected. 

The size of the lipophilic group relative to that of the crown ether 

to which it is attached determines the net lipophilicity of the 

macrocycle. If a crown ether is made too lipophilic, its ability to 

effectively contact an aqueous source phase may be inhibited and 

no extraction will occur. An optimum degree of hydrophobicity is 

required in order for cation extraction from aqueous source phases 

to occur. This type of behavior has been reported."̂  ^ Two 

examples of lipophilic complexing agents that were investigated are 

shown in Figure 8. 

c; 
Xo 

V 
4 5 

(CH2)n 

Figure 8 Lipophilic multidentate complexing agents. 
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The effects of lipophilicity and open chain versus cyclic structures 

(4 vs. 5) were investigated in the paper. Bulk liquid membrane 

transport of alkali metal cations by llgands 4 and 5 was studied. 

When the N-alkyI group of compound 4 was enlarged to Ci 8H37 the 

ability to transport alkali metal ions across the liquid membrane was 

lost.'IQ Presumably the ligand 4 had become too lipophilic rendering 

the ligand too hydrophobic to approach the phase boundary, where 

complexation normally occurs, which stopped transport. 

Only a few examples of crown ethers employing lipophilic 

straight chain hydrocarbon substituents bound directly to the ring 

have been reported.''9'20,21 Only a few synthetic routes to such 

lipophilic crown ethers have appeared. One of these syntheses is 

illustrated in Scheme 2.22 

R = C8Hi7, C10H21 

o -, Dioxane 9 i 

8 

Scheme 2. 

As shown in Scheme 2, pentaethylene glycol was extended by 

one ethylene unit and functionalized with a lipophilic hydrocarbon 

residue by condensing the glycol with the substituted epoxide 6. 

The lipophilic hexaethylene glycol 7 was then cyclized using an 
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Okahara-type cyclization.23 The hydrophilic ligand 8 was isolated in 

40% overall yield for the two steps. 

Another method that has been reported for the synthesis of 

lipophilic crown ethers is illustrated in Scheme 3.24 jhe 

.Br N a H . r ^ - ^ )̂̂ 3 <^0 ^\J^0 

C ^ ^ 2 ) N a B H 4 ^ 0 OH TsO 

10 

10 

Scheme 3. 

synthesis of the octamethyl-18-crown-6 11 involved condensation 

of allyl bromide with pinacol followed by ozonolysis and a reductive 

workup to give the bisdiol 9. The bisdiol 9 was then tosylated to give 

10. The bistosylate 10 and the bisdiol 9 were condensed in the 

presence of NaH to give the target compound 11 in a 22% yield for 

the last step. 

Another route for synthesizing lipophilic crown ethers entailed 

cyclizing monosubstituted vicinal diols with ditosylates of 

polyethylene glycols.25,26 For these cyclizations, yields of no 

greater than 20% were reported. 
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Incorporation of the lipophilic group on to the substituent that is 

already on the crown ether ring is another way of adding lipophilicity. 

Usually a t-butylbenzo or other alkylbenzo group is used for this 

purpose. Many benzo and dibenzo crowns have been rendered 

more lipophilic by use of this approach (Figure 9). 

'"'"CCo o^""^' '"̂ '̂ ^^o X ^ " " ' 

^ o ^ 14 
Figure 9. Lipophilic crown ethers with the lipophilic groups on 
the aryl substituent. 

The lipophilic llgands 12 and 13 were synthesized by Pederson 

using his method B (Scheme 1).3a Compound 12 was isolated in a 

11% yield and compound 13 was isolated in 17% yield. Pederson 

used method A (Scheme 1) to prepare the t-butylbenzo-18-crown-6 

(14) in a 62% yield. 



Crown Ether Alcohols and Vinylidene 
Crown Ethers 

There are several avenues for functionalizing crown ethers. 

Two very versatile methods involve the use of hydroxy and 

vinylidene crown ethers. The primary reason that the hydroxy and 

vinylidene crown ethers are so useful is that they contain functional 

groups through which a variety of side arms may be attached. 

The hydroxy crown ethers can be deprotonated to give a 

nucleophilic crown alkoxide which is useful for oxygen-carbon bond 

forming reactions (Scheme 4). Some synthesis using a hydroxy 

crown ether are illustrated in Scheme 4. The sym-hydroxydibenzo-

16-crown-5 (16) is synthesized from a high dilution cyclization of 

15 

OH HO 

H OH 

,0 o. 

OCH2C02H 

o o. 

V(CH2)3 

V-0^18 

) BrCH2CH=CH2 
2) BH3. H2O2 

\ / 
•CH2CI 

R 
/ 

H OCHCO2H 

O O. 

Scheme 4. 
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epichlorohydrin with the bisphenol 15.27 The crown alcohol 16 can 

be alkylated with BrCH2C02H in the presence of NaH to give the 

crown carboxylie acid 17. A more lipophilic derivative 19 can be 

prepared by alkylating compound 16 with RBrCHC02H, where R= 

ethyl, butyl, hexyl or octyl. Immobilized crown ethers can be 

prepared by extending the alcohol group 3 methylene units away 

from the parent molecule 16 with allyl bromide followed by 

hydroboration-oxidation. This intermediate can then be bound to 

chloromethylated polystyrene.28 

The vinylidene crown ethers can be converted to various 

functionalized macrocycles as well (Scheme 5). The vinylidene 

HO ôT̂ OH* r i 
Cl CI 

•o o 

22 23 

Scheme 5. 

24 
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crown ethers are usually prepared by reaction of a diol or bisphenol 

with methallyl dichloride in the presence of a base. Some examples 

of the variety of subsequent transformations that a vinylidene crown 

ether can be used for are shown in Scheme 5.29 The crown 

alcohols 21, 23 and 24 are very versatile and can be used for the 

same applications as the hydroxy crown shown in Scheme 4. The 

crown alcohol 21 was prepared by hydroboration-oxidation of the 

vinylidene precursor.30 Keto crown 22 was prepared by ozonolysis 

and decomposition of the ozonide with zinc and water in the 

presence of AcOH.31 The crown alcohol 23 was prepared by 

NaBH4 reduction of the ozonide.32 Preparation of a structural 

isomer of 21 was accomplished by oxymercuration-demercuration 

of vinylidene crown 20 to give 24.33 

Proton-ionizable Crown Ethers 

Although crown ethers already exhibit outstanding binding 

capabilities with various ionic species, there is constant research 

being conducted to improve guest-complex stability and selectivity. 

Numerous manipulations of the crown ether ligand have been 

employed in attempts to produce the desired binding properties. 

Functionalizing the crown ether ring seems to be an effective 

method for increasing guest complexation and selectivity. 

Functionalization of crown ethers by addition of a pendant arm 

substituted with a proton-ionizable group is an effective method to 

improve binding and selectivity of othenA/ise neutral crown ethers. 
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The proton-ionizable crown ethers should bind cations more tightly 

than their neutral counter parts because of the ability of the lonizable 

side arm to contribute an internal counter ion during complexation. 

The contribution of the internal anion arises from the increased 

complexation rate that it facilitates. Complexation of alkali metal 

cations by neutral crown ethers has been shown to approach the 

diffusion controlled limit of 10^-10^ dm3mol-1 s-'̂  .34 in explanation 

of the high complexation rate, it has been proposed that the 

solvating molecules surrounding the cation are displaced by the 

crown ether in a stepwise rather than a concerted manner.35 if this 

is the case, it would seem reasonable that a negatively-charged 

functional group on the crown ether would increase the 

complexation rate. The increased rate could arise from the 

increased diffusion of two oppositely-charged species towards one 

another or from the possible labilization of solvent molecules from 

around the cation by the anionic functional group during 

complexation. 

In order to achieve selective complexation of one cationic guest 

over another using solvent extraction with proton-ionizable crown 

ethers, two factors must be considered: first, the size selectivity of 

the crown cavity; and second, the interaction of the lonizable 

functional group of the pendent arm with the complexed guest. The 

smaller ring sizes will be selective for the smaller cationic guests and 

the larger ring sizes will be selective for the larger guests. If the 

anionic site has a high degree of basicity it will favor coordination 

with the lighter alkali metal cations, Na+ and Li+. If the anionic site is 
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less basic, it will favor formation of an ion pair with the heavier alkali 

metal cations, K+, Rb+ and Cs+. Thus for maximization of 

selectivity, a smaller cavity should be functionalized with lonizable 

groups that have the higher pKas. 

A few examples of proton-ionizable crown ethers that have been 

synthesized are illustrated in Figure 10. Compound 25 possesses a 

carboxyl proton-ionizable group situated in such a manner that it can 

extend over the cavity and participate in complexation.36 

Compound 26 also uses a carboxyl group but its orientation into the 

f ^ ^ O ^ ^ CH2(CH2)6CH3 o O - ^ 

V^0^C02H /y_c02H O 
a 

25 26 

O' J 

H OCH2CH2CH2SO3H 

27 28 

Figure 10. Proton-ionizable crown ethers. 
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crown cavity can hinder ring participation during complexation with 

the cationic guest.37 Macrocycles 27 and 28 employ a sulfonic acid 

and a monoethyl ester of phosphonic acid, respectively, as the 

ionizable groups.38 Both of these groups are situated so they can 

reach over the cavity to aid complexation of a cationic guest. The 

carboxyl, phosphonic acid monoester, and sulfonic acid functional 

groups each have differing pKas which themselves effect 

complexation and selectivity for cationic guests. 

Proton-ionizable Azacrown Ethers 

Azacrowns have properties which are intermediate between 

crown ethers with all oxygen donor atoms and crown compounds 

with all nitrogen donor atoms.'' 5a if the donor atoms of the 

macrocycle are all oxygens, the most tightly bound guests will 

probably be alkali metal cations. If the donor atoms of the 

macrocycle are all nitrogens, the most tightly bound guests are likely 

to be the heavy metal cations. The azacrowns employ both nitrogen 

and oxygen donor atoms and thus are capable of binding alkali, 

alkaline earth and transition metal cations. 

Examples of some ionizable azacrown ethers that have been 

synthesized are illustrated in Figure 11. Examination of ligands 29, 
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29 30 
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H02C^^^^/ N N v^ ^ CO2H 
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31 

Figure 11. Proton-ionizable azacrown ethers. 

30 and 31 reveals that all of these compounds use the nitrogen atom 

as a convenient attachment site for the ionizable pendant arm. This 

is because the secondary amine is a reasonably good nucleophilic 

site for the attachment of functionalized pendant arms. As with the 

proton-ionizable crown ethers, the type of proton-ionizable groups 

vary from carboxyl to phosphonate and even to phenolate. 

lonizable azacrown ethers differ from their all oxygen counterparts in 

the sense that the azacrowns can exist as zwitterions. 

Monoazacrown phosphonic acid 29 and diazacrown dicarboxylic 

acid 31 have low enough pKas to exist as zwitterions at neutral 

pH.39,15b Ligand 30 should have a higher pKa than 29 or 31 and 

should not be ionized at neutral pH. 
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Di(proton-ionizable) Crown Ethers 

Compounds 29 and 31 (Figure 11) are also members of another 

class of proton-ionizable crowns called di(proton-ionizable) crown 

ethers. A mono(proton-ionizable) crown ether would be expected to 

bind tightly to any guest with a net cationic charge of 1. Therefore 

mono(proton-ionizable) crown ethers usually bind strongly with 

ammonium salts and alkali metal cations. A di(proton-ionizable) 

crown ether could be expected to form the most stable complexes 

with alkaline earth and other doubly charged cations. Another 

example of a diproton-ionizable macrocycle is shown in Figure 

12.15c 

H21C10 

G10H21 

Figure 12. A di(proton-ionizable) crown ether. 

The diionizable ligand 32 has the ionizable groups positioned 

favorably towards the crown cavity so the ionized carboxylates can 

participate in the complexation of a divalent guest. Because the 

diionized ligand would potentially have a high solubility in aqueous 

media, the decyl groups are incorporated to increase 

hydrophobicity. 
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Scope and Purpose of Research 

This dissertation encompasses the design and synthesis of 

crown ether ligands for two purposes. The first purpose is to probe 

the parameters of host structure which effects alkali metal cation 

extraction from aqueous media. The second purpose is to 

synthesize crown ethers with independent variations of cavity size 

and pendant arm length so the effects of these variations on the 

alkali metal binding constants can be determined by calorimetric 

methods. 

In order to assess the influence of the degree of crown ether 

lipophilicity on cation extraction, a series of lipophilic 18-crown-6 

ligands will be synthesized. The substitution pattern of the lipophilic 

alkyl groups on the crown ether ring will be varied in order to effect 

changes in the cavity's conformation. 

By independently varying the crown ether cavity size and 

composition and by varying the length and composition of the 

pendent arm, the selective complexation of specific alkali metal 

cations can be optimized. These variatons will be implemented in a 

series of novel carbon-pivot and oxygen-pivot proton-ionizable 

dibenzo crown ethers. New synthetic methodologies will be 

required for the preparation of these compounds. 

To examine the effects on cation complexation of 

incorporating a nitrogen into the cavity of dibenzo-16-crown-5 and 

dibenzo-18-crown-6 ligands, a set of novel proton-ionizable 

monoazadibenzo crown ethers will be synthesized. 



For assessment of their complexation aptitudes with doubly-

charged cationic species, two novel di(proton-ionizable) crown 

ethers will be prepared. 



CHAPTER I I 

NEUTRAL CROWN ETHERS 

Benzo and Dibenzo Crown Ethers 

Separation of radioactive Cs+ ions in the presence of other non 

radioactive alkalai metal ions from the aqueous waste waters of 

nuclear reactors is an important problem of separation science. 

Selectivity for Cs+ over Na+, the dominant alkali metal ion present in 

such solutions, is necessary for a viable separation process. 

For use in synergistic solvent extraction studies employing the 

combination of a lipophilic anion and a crown ether, a series of 21 -

crown-7 ligands was synthesized. The 21 -membered crown ether 

ring is the correct size for a tight encapsulaton of Cs+ but too large 

to tightly bind the smaller Na+ . Thus the 21 -crown-7 ring size was 

the series of choice for achieving selectivity of Cs+ over Na+. 

The approach used to synthesize dibenzo-21-crown-7 (34) is 

illustrated in Scheme 6. 

.0 o. 

S ^ w CsF, MeCN K ^ o ^ 

33 34 

Scheme 6. 

25 
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The synthetic method illustrated in Scheme 6 bears some 

similarity to the method employed by Pedersen.3b in his synthesis, 

the bisphenol 33 was dissolved in butanol in the presence of excess 

NaOH and 3,6-dioxa-1,8-dichlorooctane was added to produce a 

36% yield of dibenzo-21 -crown-7 (34). By the new method 

illustrated in Scheme 6, addition of the ditosylate of 

tetraethyleneglycol to a refluxing solution containing the bisphenol 

33 and an excess of CsF in MeCN gave a 41 % yield of dibenzo-21 -

crown-7. 

The dibenzo-21-crown-7 ligand is too water soluble for use in 

solvent extraction. In order to decrease the solublity in aqueous 

media, the previously-unknown tert-butyl analogue 36 was 

prepared. The synthetic method used is illustrated in Scheme 7. 

^ ^ R =S02CH3 or K ^ o ^ 

35 -so2^^CH3 36 

Scheme 7. 

The various bases, solvents and leaving groups that were 

investigated for the synthesis of macrocycle 36 are listed in Table 2. 

In all of the reactions, a solution of the tetraethyleneglycol, 



27 

dimesylate or ditosylate was added dropwise to a solution containing 

the bisphenol 35 and the base. Each reaction was stirred for 3 days 

at 65-70OC. 

Table 2 

Reaction Parameters for the Synthesis of 
Di-[4(5)-tert-butylbenzo]-21-crown-7 

Entry 

1 

2 

3 

4 

5 

6 

7 

B i 
Msa 

Tsb 

Ts 

Ms 

Ms 

Ms 

Ms 

Base 

K+-OBu-t 

CsF 

CsF 

CS2CO3C' 

CS2CO3 

CS2CO3 

CS2CO3 

Equivalents of 
Base 

2.4 

5.0 

3.0 

2.1 

2.1 

2.1 

2.1 

Solvent 

THF 

MeCN 

MeCN 

THF 

THF 

MeCN 

DMF 

Yield 

32% 

43%c 

11% 

42% 

30% 

49% 

34% 

^Ms is methanesulfonate. 

bTs is toluenesufonate. 

CThis is the average yield for two reactions. 

dA combination of 2.1 equivalents of NaH was used in 
combination with the CS2CO3 in this reaction. 

Cyclization using potassium tert-butoxide in THF was moderately 

successful (Entry 1). With CsF to template^i ̂  formation of the large 

polyether ring was accomplished in higher yields (Entry 2). Since 
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fluoride ion is known to displace mesylate groups42, the ditosylate of 

tetraethyleneglycol was used in conjunction with CsF. A cesium 

phenoxide salt is not formed by CsF, but the phenolic oxygen's 

nucleophilicity is enhanced by phenolic hydrogen bonding with the 

fluoride ion 43. From comparison of Entries 2 and 3, the need for a 

large excess of CsF becomes apparent. 

Cesium carbonate in THF has been used in the presence of NaH 

for the cyclization of large polyether rings44. This combination has 

the advantage of reducing the amount of expensive cesium salt 

required. Also more reactive mesylates can be used in place of 

tosylates since the nucleophilicity of the cesium salt anion has been 

reduced. 

This method (Entry 4) proved to be a cost efficient alternative to 

that in which CsF was employed. Entries 4-7 illustrate two points. 

First, CS2CO3 can also effect the ring closure in the absence of a 

stronger base. Second, the cyclization yield in the absence of NaH 

is considerably higher in MeCN than in THF or DMF. Thus the 

recommended method for the synthesis of the lipophilic dibenzo-21 -

crown-7 compound 36 involves reaction of bisphenol 35 with 

CS2CO3 and the dimesylate of tetraethyleneglycol in MeCN which 

gave a 49% yield of the desired product. 

To provide a lipophilic 21-crown-7 compound with only 1 benzo 

group, the synthesis of 4-tert-butylbenzo-21-crown-7 (37) was 

undertaken. Cyclization of tert-butylcatechol with the dimesylate of 

hexaethylene glycol induced by CS2CO3 in MeCN was performed 

(Scheme 8). In the synthesis of ligand 37, tert-butylcatechol 
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uc. 
"OH \ CS2CO. 

MsO^^Oy^OMs 

(CH3)3C 

MeCN 

37 

Scheme 8. 

and the dimesylate of hexaethylene glycol were added at equal 

rates to a rapidly-stirred mixture of CS2CO3 in MeCN over a 10-hour 

period. This created a high dilution condition with respect to both 

reactants. Under these reaction conditions, a very high cyclization 

yield of 75% was achieved. 

Lipophilic 18-Crown-6 Compounds 

A series of five 18-crown-6 compounds with one or more 

pendent lipophilic alkyl groups was synthesized (Figure 13). The 

objective was to develop new synthetic routes to lipophilic crown 

ethers. The size and substitution pattern of the lipophilic 

substituents was anticipated to effect the solubility of the 

macrocycles in aqueous media as well as their metal ion extraction 

and transport behavior. 

The lipophilic 18-crown-6 ligands shown in Figure 13 have 

varying degrees of lipophilicity. The tetra-substituted crown ether 

50 will be highly lipophilic; so much so that it may not be able to 

effectively contact an aqueous source phase during metal ion 
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extraction. The mono- and di-substituted crown compounds 41,43, 

44, and 48 will be less lipophilic and may be hydrophilic 

H25C1 

o o 

\—-^ 

43 

'^13^6. yCeH^j 

CsHiy. V—V CsHi 

0 0 0 0 ^' o rf O O 

V-o o - / V o o - / >^o o-^C H 
\ _ _ / \ / ^ / ^ ^ ^12"25 

44 48 41 

o o 

H17C8 ^^—^ C8H17 

50 

Figure 13. Lipophilic 18-crown-6 ligands. 

enough to contact an aqueous phase during extraction while 

remaining insoluble within it. 

It has been shown that host-guest complexation and selectivity is 

effected by the preorganization of the host's cavity^a. The 

conformations of the lipophilic crown ethers 41, 43, 44, and 48 
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should be effected by the substitution pattern of the alkyl groups, 

possibly causing a change in cation selectivity. 

Compounds 41, 48, and 50 were each prepared as a mixture of 

diastereomers that was not resolved. It is forseeable that the 

different datereomers of these compounds could also play a role in 

determining the macrocycle's conformation but this was not 

addressed. 

Three synthetic strategies were developed for the synthesis of 

the lipophilic 18-crown-6 compounds illustrated in Figure 13. The 

approach used to synthesize the disubstituted 18-crown-6 41 is 

shown in Scheme 9. Phase transfer-catalyzed alkylation of 1,2-

tetradecanediol with THP-protected 2-chloroethanol proceeded with 

difficulty giving 40 to 50% yields of the diprotected compound 38 

along with the mono-alkylated side product which was isolated in 

43% yield. Attempts to optimize the reaction conditions included 

independently changing concentrations of the THP-protected 2-

chloroethanol, concentrations of BU4NHSO4, and repeated 

changes of the 50% (aq) NaOH during the reaction^S. Yields 

greater than 50% were never achieved . Separation of 38 from the 

mono-alkylated side product was accomplished by column 

chromatography on alumina. The deprotection of 38 in acidic 

MeOH proceeded in an 81 % yield to give the diol 39. Tosylation of 

39 in pyridine at -IOOC proceeded with difficulty giving the ditosylate 

compound 40 in yields ranging from 35-50%. When this tosylation 

was attempted in methylene choride at room temperature, the 

ditosylate 40 was isolated in 67% yield. Cyclization of 39 with 40 was 
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accomplished in THF at room temperature in the presence of 

potassium tert-butoxide. Reaction times of 20 to 24 days were 

required to achieve a 41 % yield of the disubstituted 18-crown-6 

ligand 41. 

H O ^ 

CI OTHP -r OH NaOH(aq) 
n-Bu4NHS04 ^ O R i Ri 
60°C 38 

MeOH L 
OH HO 

39 

39 ISCL 
Pyr. CH2CI2 

39 + 40 

^ O T s T s O ^ 

40 

K^OBu-t 

THF 

R = CH2(CH2)ioCH3 

Ri=THP 

R 

0 0 

^0 J 
V 41 

Scheme 9. 

To vary the conformation of the crown ring without changing the 

net degree of lipophilicity for the macrocycle, the isomeric crown 

ethers 43 and 44 were synthesized via another approach which is 

illustrated in Scheme 10. Cyclization of 1,2-tetradecanediol with 

pentaethyleneglycol ditosylate (PEGDT) was accomplished with 

NaH as the base in (4:1) DMF-THF to give the mono-substituted 
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^ o o ^ 
HO OH / \ . . u < > 

\ /„H n^ n^ NaH ^ o o 
R / V > R , * Tso\^o;^OTs DMF-THF (4:1) <^^ ^J 

V_/..«H 
I / V R 2 42a , 42b Ri 
43, 44 

42a , 43) Ri = CH3(CH2)ir Rg = H 
42b , 44) Ri = CH3(CH2)5 - R2 = CH3(CH2)5 -

Scheme 10. 

18-crown-6 compound 43 in a 26% yield. High dilution conditions 

with respect to both the diol 42a and the pentaethyleneglycol 

ditosylate were achieved by adding both moieties to the NaH 

suspension with syringe pumps, simultaneously during a 20-hour 

period. The solubility of tetradecanediol 42a in DMF or THF alone 

was extremely limited. In DMF-THF (4:1), 42a still precipitated out in 

the syringe during addition. The precipitation of 42a in the syringe 

would have effectively slowed the addition rate of the diol relative to 

the PEGDT disrupting the simultaneous and uniform addition of the 

two reactants. This could account for the low yield of compound 43. 

For the synthesis of the disubstituted crown compound 44, diol 

42b had to be prepared. Compound 42b was obtained by the 

reported method in 46% yield by H2O2-HCO2H anti-oxidation of 

trans-7-tetradecene46. Cyclization of 42b with PEGDT was 

accomplished using the same methods employed for the synthesis 

of 44 and proceeded with a 36% yield. 

To provide a different substitution pattern of lipophilic groups on 

the crown ring, another synthetic route was developed for the 
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preparation of the disubstituted and tetrasubstituted lipophilic18-

crown-6 macrocycles 48 and 50, respectively. The synthetic route to 

both compounds involves a common intermediate diol 46 (Scheme 

11). 

The diacid 45 was obtained by the reported method of reacting 

a-bromodecanoic acid with ethylene glycol in the presence of 

S - O ^ ' ^ O ^ " LiAIH, ^ R>y„o^^O-<" ^y^o^^^o^^ 
O^ , > 0 T H F ( ) ( V=o 

OH HO OH HO OH H 
45 46 47 

R = CH3(CH2)5CH2-

Scheme 11 

NaH.47 Reduction of 45 with LiAH4 in THF gave the diol 46 

quantitatively as a mixture of diastereomers after 72 hours of reflux. 

Diol 46 was isolated as a 1:1 hydrate. When the reduction of 45 was 

conducted for 15 hours at reflux the intermediate aldehyde 47 was 

isolated in 10% yield along with the desired diol. An analogous 

aldehyde intermediate has been detected previously in LiAH4 

reductions of dicarboxylic acids.48 

The diol intermediate 46 was used in the synthesis of the di- and 

tetrasubstituted lipophilic 18-crown-6 compounds. The method 

used to prepare the disubstituted compound 48 is illustrated in 

Scheme 12. The disubstituted 18-crown-6 48 was synthesized by 

cyclizing the diol 46 with triethyleneglycol ditosylate. The cyclization 
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proceeded at room temperature in THF in the presence of K+OBu-t 

over a 25 day period to give 48 as a diastereomeric mixture in 44% 

yield. 

R = CH3(CH2)6CH2- R ^ ^ R 
y^o^V 

^y-0^0-^^ ^ ^ ^ K-OBu-t. r^ S 
L H^ - ^ ^ 0 0 0 OTS ^ I j ; ^ — L^ ^J 

48 

Scheme 12. 

The tetra-substituted 18-crown-6 50 should be the most 

lipophilic of compounds 41,43, 44, 48 and 50. The approach used 

to synthesize this compound is illustrated in Scheme 13. 

R /—\ R 
\-rr^r^^^ TsCi.Pyr v Q' ^ Q ^ 

( ) CH2CI2 ( > 
OH HO OTs TsO 

46 49 

"v^o-^" 

46 . 49 K^-QBu-t. (^ ^ ) 

THF ^O O-" 

R = -CH2(CH2)6CH3 50 ^ 

Scheme 13. 

The diol 46 was reacted with tosyl chloride and pyridine in 

CH2CI2 at room temperature for 20 hours to give ditosylate 49 in 



36 

98% yield. The cyclization of 46 with 49 proceeded in 31% yield to 

give 50 as a mixture of diastereomers after 27 days at room 

temperature in THF in the presence of K+OBu-t. Attempts to 

shorten the reaction time by heating the reaction solution, resulted in 

the formation of elimination products from the ditosylate 49. 

NMR Analvsis of Lipophilic Crown Ethers 

In order to gain insight into the effect lipophilic groups have on 

the conformation of the 18-crown-6 macrocycle, an in-depth NMR 

investigation was conducted on dihexyl-18-crown-6 compound 44. 

The proton spectrum of 44 shows an ill-defined doublet centered at 

3.39 ppm. (See Appendix for spectra.) Each peak of this pseudo 

doublet has an integration value of 1 proton. To identify these 

protons a ''3c NMR spectrum was taken. This spectrum suggested 

that the methine carbons were responsible for the peak at 81.80 

ppm relative to TMS. A '•3c DEPT experiment gave a peak at 81.80 

ppm with a positive absorption which allowed this peak to be 

unambiguously assigned to the methine carbons. An "I H vs. "• 3c 2-

D spectrum unambiguously confirmed that the methine protons Ha 

and Hb (Figure 14) were indeed giving rise to the pseudo doublet 

centered at 3.39 ppm. Protons Ha and Hb are shifted upfield from 

where they might be expected to appear. A plausible explanation of 

this anomolous upfield shift can be gained by examining the CPK 

model of 44. It is a good assumption that the hydrophobic hexyl 

groups of 44 will orient themselves as far as possible from the 

hydrophilic crown cavity. In so doing the methine protons Ha and Hb 
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are alternately forced in and out of the crown cavity. The time-

averaged environment of protons Ha and Hb is not an equal 

Restricted Rotation 

Figure 14. The methine protons Ha and Hb are alternately 
oriented inside the cavity of 44. There is restricted rotation 
around the methine and a methylene carbon-carbon bonds. 

distribution but instead is weighted heavily towards the location 

inside the crown ring on the NMR time scale. While inside the cavity, 

the methine protons are buttressed against the lone pairs of any 

inward-facing oxygens causing a net shielding effect and ultimately 

an upfield shift. 

Protons Ha and Hb are equivalent yet appear as a doublet at 

3.39 ppm in the "• H NMR spectrum. Since protons Ha and Hb are 

equivalent they should not show any coupling. They should show a 

triplet as a result of coupling with the two protons at the a position of 

the hexyl group. Upon further examination of the proton spectrum, 

a splitting pattern is observed (Figure 15). The doublet centered at 

3.39 ppm in the 1H NMR spectrum is really a doublet of doublets as 

illustrated in Figure 15. If there is restricted rotation of the a 
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methylene carbon then this type of splitting could arise. The a 

methylene proton that is anti or periplanar to the methine proton 

would have a coupling constant of 8 to 14 Hz. Examination of the 1H 

NMR spectrum reveals that the 

8.76 Hz 

2.45 Hz Anti 
8.76 Hz Gauche 

2.45 Hz 

Alkyl 

Figure 15. Splitting pattern of the methine protons of ligand 44. 

larger coupling constant is 8.76 Hz. The a methylene proton that is 

gauche to the methine would be expected to have a coupling 

constant of 2 or 3 Hz. Examination of the '• H NMR spectrum reveals 

that this coupling constant is 2.45 Hz. A requirement for this type of 

vicinal coupling to occur is that there must be restricted rotation of 

the a methylene group. Examination of the CPK space filling model 

of 23 suggests that there is restricted rotation of the a methylene 

carbon. Evidence for this restricted rotation is found in the 1H vs.1 H 

2D NMR spectrum (Appendix). If the a methylene carbon's rotation 

is restricted, the environments of the a protons should be different. 

Upon examination of the coupling of the methine protons it becomes 

apparent that they are coupled to two different protons at 1.56 and 

1.28 ppm. Thus the a methylene protons show different shifts. Off 
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resonance decoupling at 1.56 and 1.28 ppm causes the doublet of 

doublets at 3.39 to coalesce to a singlet (see Appendix) confirming 

that the methine protons are indeed equivalent and coupled to both 

a gauche (2.45 Hz) and an anti or periplanar (8.76 Hz) a methylene 

proton. 

In crown 44, the methine proton was oriented inside the crown 

ether cavity and shifted upfield in the "> H NMR spectrum. The same 

type of situation seems to occur in lipophilic crowns 41, 43, 48, and 

50. Unlike crown ether 44, ligands 41, 43, 48, and 50 all have their 

lipophilic alkyl groups attached on different ethylene units of the 18-

crown-6-ring. The '} H NMR spectra of these macrocyles all show 

the anomalous peak between 3.6 and 3.4 ppm (see Appendix). The 

integration of this peak has a value of 3 protons for every lipophilic 

alkyl group that is attached to the ring: for the disubstituted crown 

ether 41, integration of the singlet at 3.51 ppm corresponds to 6 

protons and for the monosubstituted crown ether 43 the integration 

of the singlet at 3.52 ppm corresponds to 3 protons. It appears that 

one methylene unit is oriented into the crown cavity and shifted 

upfield for every methine carbon that is present in the crown ether 

ring (Figure 16). 

As was the case for the upfield shift of the methine protons in 

44, the methine protons of 41, 43, 48, and 50 are also oriented in 

the cavity of the crown ether ring (see Appendix). Examination of 

CPK space filling models of 41, 43, 48, and 50 suggests that the 
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Figure 16. The methylene protons adjacent to the methine 
carbon are oriented inside the cavity on the NMR time scale and 
shifted upfield from the other methylene protons. 

methylene hydrogens adjacent to the methine carbon are also 

shifted upfield due to their orientation into the crown ether cavity as 

illustrated in Figure 16. 

From the NMR analysis of lipophilic 18-crown-6 compounds 41, 

43, 44, 48 and 50 it appears that the crown ether cavity is very 

disorganized in solution to the extent that methylene hydrogens are 

actually oriented into the cavity. This is also the situation for 18-

crown-6 itself. Therefore, introduction of saturated hydrocarbon 

residues onto the 18-crown-6 ring does not appear to produce the 

preorganization that is favorable for strong complexation with 

cationic guests. 

Lipophilic Dibenzo Crown Ethers 

To compare the effect of attaching a lipophilic group via an 

oxygen to the polyether ring upon its ability to extract metal ions, 

compared with attaching lipophilic groups on the benzene ring 

portion of the macrocycle, the two lipophilic dibenzocrown ethers 51 

and 52 were synthesized (Figure 17). Decyloxydibenzo-16-crown-
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5 (51) was synthesized by condensing sym-hydroxydibenzo-16-

crown-5 with decyl bromide in refluxing THF in the presence of NaH. 

The lipophilic crown ether 51 was 

0(CH2)9CH3 OMe 

51 52 

Figure 17. Lipophilic dibenzo crown ethers. 

isolated in 54% yield after purification by column chromatography. 

sym-Hydroxydi[4(5)-tert-butylbenzo]-16-crown-5 was condensed 

with Mel at room temperature in THF for 4 hours in the presence of 

NaH to give sym-methyloxydi[4(5)-tert-butylbenzo]-16-crown-5 (52) 

in 80% yield. 

Cyclization of Substituted Ethylene 
Glycols with Polyethyleneglycol 

Ditosylates in DMF-THF (4:1) 

Synthetic ionophores show a broad spectrum of utility. 

Therefore, novel and more efficient synthetic methods are always of 

interest. For this reason a new two-step synthesis of functionalized 

18-crown-6 and 19-crown-6 macrocycles from three different 

substituted ethylene glycols was investigated. 

The glycols were cyclized with penta- or hexaethyleneglycol 

ditosylate in DMF-THF(4:1) at room temperature in the presence of 

NaH. The results are shown in Table 3. 
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The cyclizations were accomplished by dissolving separately the 

ditosylate of penta- or hexaethyleneglycol and the appropriate 

vicinal diol in anhydrous DMF-THF (4:1) and taking up each 

Table 3. 

Cyclization Reactions in DMF-THF (4:1). 

HO OH 

Ri R2 

Compound 

43 

44 

53 

54 

T s O ^ O y OTs 
^ n̂ 

Bl 

dodecyl-

hexyl-

BzOCH2-

BzOCH2-

NaH 
DMF-THF 

R2 

H 

hexyl 

H 

H 

(4:1) 

n 

4 

4 

4 

5 

. 0 0 

R i ' ^ ^ R s 

n' Yield 

1 26% 

1 36% 

1 58% 

2 25% 

solution into a syringe. Each solution was then added 

simultaneously with a syringe pump over a 20-hour period to a 

suspension of NaH in DMF-THF (4:1) that was kept at room 

temperature. The reaction mixture was stirred at room temperature 

for a total of three days. 

To investigate the ring closure method with a lipophilic terminal 

diol, compound 43 was synthesized. Dodecyl-18-crown-6 (43) was 

isolated in 26% yield. Insolubility of the 1,2-tetradecanediol 

precursor caused precipitation in the syringe during the addition 
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phase of the reaction. Such precipitation changes the concentration 

of diol in the syringe and thus adversely affects the uniform addition 

rates. The insolubility of the diol could provide for a low effective 

concentration if all of the diol were added initially to the reaction flask 

instead of simultaneously with the ditosylate. This procedure was 

attempted, but 43 was still isolated in 21 % yield. 

To determine if the new cyclization procedure would be effective 

when both alcohol groups were secondary, the dihexyl compound 

44 was synthesized. Crown ether 44 was obtained in 23% yield by 

the simultaneous high dilution method. An attempt to provide a 

template ion for this cyclization by the use of KH instead of NaH as 

the base resulted in a 3% yield of 44. The elimination product from 

the pentaethyleneglycol ditosylate was not detected and most of the 

starting materials were consumed. 

For comparison to another synthesis of (benzyloxy)methyl-18-

crown-6 (53), the DMF-THF cyclization conditions were investigated 

for this compound. Compound 53 was synthesized in 58% yield 

using the new method. The Okahara method of synthesizing 53 

involves cyclizing 3-(benzyoxy)methyl-1,2-propanediol with 1,14-

dJchloro-3,6,9,12-tetraoxatetradecane in the presence of lithium t-

butoxide and gave a yield of 46%."^^ 

To determine if the cyclization conditions would be effective for a 

larger ring system, compound 54 was synthesized using the DMF-

THF conditions. (Benzyloxy)methyl-21 -crown-7 (54) was isolated in 

25% yield by the simultaneous addition method for reaction of 3-

(benzyoxy)methyl-1,2-propanediol and the ditosylate of 
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hexaethyleneglycol. This low yield could be due to a lack of a 

template effect from Na+ in the formation of a 21 -membered ring. 

The previously reported synthesis of 54 involved several more 

synthetic steps and gave a final cyclization yield of 27%.50 

There are two plausible factors that could explain the 

effectiveness of the DMF-THF simultaneous addition cyclization 

procedure. The simultaneous addition method of the diol and the 

polyethyleneglycol ditosylate insures equal and low effective 

concentrations of each species in the reaction mixture. This 

produces a condition which favors intramolecular ring formation over 

competing intermolecular side reactions (Figure 18). 

n 

OH ^ / K V ° V 
+ TsO \ 0 / OTs I I 

OH " R ^ O O R 

Figure 18. Intermolecular 2+2 cyclization side reaction. 

The other factor could stem from the high solubility of the sodium 

alkoxide in the DMF-THF solvent mixture. Whereas sodium 

alkoxides are usually not highly soluble in THF, they are very soluble 

in DMF-THF (4:1). This high solubility should contribute to the 

reactivity of the alkoxide by enhancing its effective nucleophilicity. 

During cyclization, after one alkoxide of the vicinal diol species has 
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reacted with one end of the ditosylate, the remaining alkoxide can 

react intramolecularly to form the desired ring product or 

intermolecularly to give the 2+2 and other undesired side products. 

It is reasonable to assume that the more reactive the remaining 

alkoxide is, the more likely it will react intramolecularly than 

intermolecularly. The resulting effect is that formation of the desired 

ring size is initially favored. 

Vinylidene Dibenzo Crown Ethers 

The final objective was to synthesize a series of O-pivot and C-

pivot proton-ionizable crown ethers (Figure 19). 

o 

^Ay\^0H r^^oH X-Y 
0 0^ 0 0 

0-Pivot C-Pivot 

Figure 19. 0-Pivot and C-Pivot proton-ionizable crown ethers. 

To prepare the novel class of C-pivot proton-ionizable crown 

ethers, it was necessary to develop a new synthetic methodology. 

From the retrosynthetic analysis it became apparent that the key 

intermediates were a novel class of vinylidene dibenzo crown ethers, 

Vinylidene crown ethers have been synthesized previously by 

Tomoi.29a This method uses a diol, methallyl dichloride and NaOH 
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in an aqueous butanol solvent and gave cyclization yields of 40% for 

16-membered systems. 

To provide for a more effective synthesis, an improved 

methodology for preparing vinylidene dibenzocrown ethers was 

investigated and a whole series of vinylidene dibenzocrown ethers 

have been synthesized (Figure 20). 

A 
OH HO ^ CI CI 

Y X Compound 

H -CH2CH2N(Ts)CH2CH2- 55 

H -CH2CH2OCH2CH2- 56 

H -(CH2CH20)2CH2CH2- 57 

t-butyl -CH2CH2OCH2CH2- 58 

H -CH2CH2- 59 

H -CH2C(=CH2)CH2- 60 

H -CH2CH2CH2- 61 

Figure 20. The series of vinylidene crown ethers that was 
synthesized by the new method. 

The new cyclization method employs methallyl dichloride, 

CS2CO3 and two different high dilution addition techniques, 

simultaneous and regular. 
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The simultaneous addition technique utilizes two syringe pumps 

to facilitate a uniform addition during 20 hours of methallyl dichloride 

and the appropriate bisphenol to a reaction mixture containing 2.2 

equivalents of CS2CO3 suspended in refluxing MeCN. This addition 

method creates a high dilution reaction condition with respect to both 

methallyl dichloride and the bisphenol, a condition that is very 

favorable for cyclization. 

The regular addition technique utilizes one syringe pump to 

facilitate a 30-hour addition of methallyl dichloride to a reaction 

mixture containing the bisphenol and CS2CO3 in refluxing MeCN. 

This creates a high dilution condition with respect to the methallyl 

dichloride. Table 4 lists the yields for cyclization reactions that were 

accomplished by both the simultaneous and the regular addition 

techniques. 

From examination of the data inTable 4, it is apparent that the 

ring size and solubility of the bisphenol reactant determines the 

efficiency and appropriate conditions for the cyclization reaction for 

each ring system. By comparing the solubilities of the bisphenol 

precursors in MeCN at room temperature and the yields obtained by 

each addition mode, a trend is detected. If the bisphenol reactant 

was insoluble or sparingly soluble in MeCN, the regular addition 

technique was preferred. If the bisphenol precursor was soluble in 

MeCN at room temperature, the simultaneous addition technique 

gave higher yields. There are two plausible explainations for this 

behavior. First, if a bisphenol showed limited solublility in MeCN 
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Table 4 

Cyclization Yields for Vinylidene Dibenzo Crown Ethers. 
Solubility of 

Addition mode: bisphenol 
Compound Ring size Regular Simultaneous precursora 

55 16 68% 3% I 

56 16 60% 72% S 

57 19 69% 73% S 

58 16 74% 55% SS 

59 13 43% 26% SS 

60 14 - 49% SS 

61 14 65% 55% SS 

a| = The bisphenol was insoluble in MeCN at 250C. 

S = The bisphenol was soluble in MeCN at 250C. 

SS = The bisphenol was slightly soluble in MeCN at 250C. 

it would precipitate out of solution in the syringe during a 

simultaneous addition, ultimately rendering the addition rates 

unequal. Secondly, if the bisphenol were insoluble in MeCN, then 

under the regular addition conditions the concentration of the 

soluble bisphenol in the reaction vessel would be very minute. The 

net effect would resemble high dilution conditions with respect to 

both the methallyl dichloride and the bisphenol. 

The N-tosyl bisphenol used for the synthesis of 55 was almost 

completely insoluble in MeCN. Therefore the proposed hypothesis, 

predicts that regular addition should be the favorable addition mode. 
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Inspection of the data in Table 4 shows exactly this behaviour. Thus 

regular addition gave 55 in 68% yield and simultaneous addition 

resulted in only a 3% yield. When the bisphenol is more soluble in 

MeCN, the favored addition mode changes to the simultaneous 

method because a uniform and equal addition rate that is 

unhindered by precipitation in the syringe during addition can 

provide high dilution conditions with respect to both reactants. 

Simultaneous addition gave 56 in 72% yield, whereas regular 

addition resulted in a 60% yield. 

The predominant side product in these cyclizations is the 2+2 

product (Scheme 14). The 2+2 adduct arises when two molecules of 

methallyl dichloride and two of the bisphenol react with each other. 

As the desired 1+1 analogue becomes more difficult to form due to 

increasing ring strain in the product, from a lack of an effective 

template ion, or from the effective concentrations of the reactants 

being increased, 2+2 product formation becomes more competitive. 

In the large 19-membered ring compound 57, Cs+ can act as a 

template for cyclization and no 2+2 adduct was observed when 

either simultaneous or regular addition methods were used. This 

observation is indicative of a strong template effect. For 16-

membered ring systems 55, 56, and 58, where only a pseudo 

template effect is possible, the 2+2 adduct was observed, but only in 

trace amounts. In the smaller 13- and 14-membered systems, 59, 

60, and61, where even less templating is possible, more 2+2 

adduct was observed. 
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In 13- and 14-membered ring systems the ring strain is quite 

severe. This promotes formation of the less strained 2+2 product. 

The divlnylidene 14-crown-4 60 is a more highly strained ring than its 

analog 61 due to the extra sp2 center in the polyether ring of 60. 

The extra ring strain in 60 versus 61 is reflected in the yields for the 

O o 

CI CI ^ V ^ ^ o 

o o 

Scheme 14. 

two compounds; 49% and 55%, respectively (Table 4). The 13-

membered ring compound 59 is more highly strained than the 14-

membered systems 60 and 61. As a consequence of this increased 

ring strain, 59 is formed in lower yield. 

The effectiveness of CS2CO3 as a reagent for the vinylidene 

cyclizations is probably another manifestation of the cesium 

effect.51 The cesium effect arises from the higher solubility of 

cesium carbonate in nonpolar organic solvents relative to the 

solubilities of the sodium and potassium carbonates which have 

smaller, harder cations. This increased solubility contributes to the 

enhanced base strength of cesium carbonate relative to sodium and 

potassium carbonates. Another manifestation of the cesium effect 
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is the enhanced nucleophilicity of a cesium phenoxide relative to 

corresponding sodium or potassium phenoxide. 

The bisphenols listed in Figure 21 were reactants in the 

vinylidene crown ether cyclization studies and were obtained by 

previously-reported methods. 

Compound Bisphenol Reference 

aOH HO^. 

O N O^ 

Ts 

^w,OH HO ,̂,̂ ^ 
35 t-Butyl-frjf ]f%.t-Butyl 53 

^ ^ O O O"^ 

64 
^>^^0H HO ^. 

aOH HO ^. 

0 , 0 . o ^ ^ 

66 
^ ^ OH HO ^. 

Figure 21. The bisphenol reactants were obtained by the 
reported methods. 

To prepare sym-divinylidenedibenzo-14-crown-4 (60) and sym-

vlnylidenedibenzo-14-crown-4 (61), the bisphenol precursors 67 
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and 68 had to be synthesized. The bisphenols 67 and 68 were 

synthesized by the methods illustrated in Schemes 15 and 16. 

The bisphenol 67 was isolated in 46% yield by condensing 

monotetrahydropyranylether-protected catechol with methallyl 

dichloride in MeCN using CS2CO3 as the base and then cleaving the 

protecting group in acidic MeOH. 

OTHP i x r c r n ^y^ r̂M ^ ^ OH HO 
CI CI 1)CS2C03, MeCN / ' W " m /̂  

2) H"", MeOH O 9 
67 

^ Y 
Scheme 15. 

In an attempt to improve the reported method for preparing 

bisphenol 68, two new synthetic methods were investigated. The 

more successful synthesis of diphenol 68 is illustrated in Scheme 16. 

OTHP i^CqCO MeCN ^ OH HO 
MsO OMs ^̂ ^̂ 2<-<->3. MeUN . 

" KJ ^ « 
OH 2) H"-, MeOH ^ ^ 0 0 

^ / 68 

Scheme 16. 

Attempts to react the dimesylate of 1,3 propanediol with 

unprotected catechol in refluxing MeCN in the presence of excess 
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Cs2C03 gave diphenol 68 in only 3% yield. Protecting one of the 

phenolic groups of catechol was thought to provide a possible 

avenue to improve the yield. The dimesylate of 1,3-propanediol and 

THP-protected catechol were reacted with CS2CO3. The THP-

protected intermediate was isolated and then deprotected in acidic 

MeOH to give 68 in 52% yield. The reported method of synthesizing 

bisphenol 68 gives higher yields.56 The authors reacted 

2-(benzyloxy)phenol with 1,3-dibromopropane in DMSO in the 

presence of NaOH at 750C and obtained 68 after debenzylation in 

72% yield for the two steps . 
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PROTON-IONIZABLE CROWN ETHERS 

O-Pivot Proton-ionizable Crown Ethers 

The objective was to develop synthetic methods for the 

preparation of several oxygen-pivot (O-pivot) proton-ionizable 

crown ethers. In the series of O-pivot ionizable-crown ethers 

synthesized, the ring size and the length of the pendant arm which 

bears the proton-ionizable group were independently varied. 

The O-pivot pendent arm series of proton-ionizable crown ethers 

has one primary difference over the carbon-pivot (C-pivot) series. 

In the former the oxygen pivot atom is also a donor atom that may 

participate in cation binding. In order to elucidate this primary 

difference between O- and C-pivot proton-ionizable crown ethers, 

members of both classes were synthesized. The series of O-pivot 

dibenzo crown ethers that were prepared is illustrated in Figure 22. 

To synthesize the O-pivot compound 69, sym-hydroxydibenzo-

16-crown-5 was alkylated with bromoacetic acid under various 

conditions. The reaction conditions employed and yields that were 

obtained are shown in Table 5. 

The alkylation reactions shown in Table 5 were accomplished by 

adding NaH or KH to a solution of sym-hydroxydibenzo-16-crown-5 

followed by a 10-20 minute addition of a solution of bromoacetic 

acid. From examination of the data in Table 5, it appears that the 

alkylation yield is solvent dependent (Entries 1,2 and 5). A THF-

54 
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Y 

H 

t-butyl 

H 

t-butyl 

H 

H 

H 

H^OR 

^o:: y>^ 
^ X ^ 

X 

-CH2CH2OCH2CH2-

-CH2CH2OCH2CH2-

-CH2CH2OCH2CH2-

-CH2CH2OCH2CH2-

-CH2CH2OCH2CH2-

-CH2CH2-

-CH2CH2(OCH2CH2)2-

R Compound 

-CH2CO2H 69 

-CH2CO2H 71 

-CH2CH2CO2H 74 

-CH2CH2CO2H 77 

-(CH2)3C02H 84 

-CH2CO2H 86 

-CH2CO2H 89 

Figure 22. O-pivot proton-ionizable dibenzocrown ethers. 

DMF (4:1) solvent combination gave the highest yield in the NaH-

facilitated alkylations (Entry 2). Employing a DMF-THF(4:1) solvent 

system in conjuntion with KH as the base gave the most favored 

conditions for alkylation to occur (Entry 4) and the crown carboxylic 

acid 69 was isolated in 77% yield. This improvement in yield could 

have resulted from an increased nucleophilicity of the potassium 

alkoxide since the cation is now too large to fit within the polyether 

ring (Figure 23). 
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Table 5. 

Alkylation of sym-Hydroxydibenzo-16-crown-5 with 
Bromoacetic Acid to Give 69. 

Entry 

1 

2 

3 

4 

5a 

B9§e 

NaH 

NaH 

NaH 

KH 

NaH 

Solvent 

DMF-THF(4:1) 

THF-DMF(4:1) 

THF-DMF(4:1) 

THF-DMF(4:1) 

THF 

Conditions 

r.t. 72 h then reflux 24 h 

r.t. 72 h then reflux 24 h 

reflux 48 h 

r.t. 72 h then reflux 24 h 

r.t. 72 h then reflux 24 h 

Yield 

37% 

64% 

39% 

77% 

55% 

aSee reference 57 

H 

^oh 
Figure 23. The sodium ion fits into the cavity and this alkoxide is 
stabilized. The potassium alkoxide is too large to allow stabilization 
from the ring and is a more reactive nucleophile. 

Nucleophilicity of the alkoxide anion would be lowered due to 

interactions of the anion with the polyether bound cation. 

To make a more lipophilic ionizable crown ether for use in solvent 

extraction, a tert-butylbenzo analog of compound 69 was 

synthesized. Lipophilic crown carboxylic acid 71 was synthesized by 

the previously reported method53a jn 59% yield by refluxing sym-
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hydroxy-di[3(4)-tert-butylbenzo]-16-crown-5 (70) with bromoacetic 

acid in THF in the presence of NaH. The sodium carboxylate salt of 

71 showed unusual stability and required 3 to 6 hours of refluxing in 

dioxane-6 N HCI (1:1) to protonate the carboxylate functionality. 

Complete protonation was demonstrated by infrared spectroscopy. 

For studies of the influence of increasing the pendant arm length 

in crown carboxylic acid 69 by one methylene unit, a synthetic route 

to crown carboxylic acid 74 was developed (Scheme 17). 

H GCHsCHgCN H CM H OCf 

o o o^ CH,=CHCN C t , , P 
\-v\-/ \^\^ 72 

1) MeOH, HCI o o 

72 (J^ Ifll 
^^'^^ 73 2)H20 - - o o a 

H OCHsCHgCO^H H O N 

74 

Scheme 17. 

The first step involved K+-OBu-t catalyzed cyanoethylation of 

sym-hydroxydibenzo-16-crown-5 in neat acrylonitrile. Purification by 
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column chromatography on silica gel and recrystallization from 

MeOH gave the cyano crown 72 in 63% yield. Acidic hydrolysis of 

the cyano group required refluxing of 72 in ethanol and bubbling 

anhydrous HCI through the reaction solution for 72 hours. An 

aqueous quench gave the ethyl ester analog of 73 in 50 and 55% 

yields. Hydrolysis of the cyano group under similar conditions, but 

using methanol instead of ethanol as the solvent, gave crown ester 

73 in 94% yield. Attempted hydrolysis of the ethyl ester analog of 

73 gave almost complete decomposition to form the sym-

hydroxydibenzo-16-crown-5 precursor (Scheme 18). 

OCHgCHgCO^ 

o o o 

74 

H OH 

O 0 

Scheme 18. 

The crown esters both showed a strong tendency to undergo a retro 

Michael addition reaction (path b) during hydrolysis if the ester group 

was not cleaved quickly (path a). Since methyl esters are 
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hydrolyzed much faster than ethyl esters, basic hydrolysis of the 

methyl ester gave a higher yield of the crown acid product (path a) 

than decomposition (path b). Treatment of 73 with KOH in 95% 

EtOH for 48 minutes gave the oxypropanoic acid 74 in 65% yield 

after recrystallization from benzene to remove the decomposition 

product. 

If a proton-ionizable crown ether is soluble in aqueous media 

then extraction methods cannot be used to determine metal ion 

complexation behavior and calorimetric methods must be used. To 

increase the lipophilicity so a crown carboxylic acid closely related to 

74 could be tested for alkali metal complexation by solvent 

extraction as well as by calorimetry, the t-butyl analogue 77 was 

synthesized. Crown propanoic acid 77 was synthesized by methods 

similar to those used for the synthesis of 74. The synthesis is 

illustrated in Scheme 19. 

Cyanoethylation of the crown alcohol 70 in neat acrylonitrile 

gave a complex mixture of oligomers. As a solution to this problem, 

the cynaoethylation of 70 was performed using higher dilution 

conditions. In THF at 25^0 with the concentrations of K+'OBu-t and 

acrylonitrile rigorously controlled, the oligomerization was 

suppressed and cyanoethylated crown 75 was isolated in 48% yield. 

Acidic hydrolysis of cyano crown 75 was accomplished by 

bubbling anhydrous HCI through a refluxing EtOH solution of 75 for 

72 hours to give the ethyl ester analogue of 76 in 31% yield after an 

aqueous quench. Acidic hydrolysis in MeOH was more successful. 

Bubbling HCI through a refluxing methanolic solution of the cyano 
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Scheme 19. 

compound 75 for 20 hours followed by an aqueous quench gave 

64% of 76. Bubbling HCI through the reaction solution for 6 hours 

gave incomplete hydrolysis. The most successful attempt resulted 

from bubbling HCI through the methanol solution of the cyano 

compound 75 for 12 hours. The methyl ester 76 was isolated in 74% 

yield under these reaction conditions. 

Hydrolysis of crown ester 76 to 77 was hampered by the same 

decomposition observed in the hydrolysis of crown ester 76. The 

hydrolysis of 76 was investigated using several reaction conditions 

(Table 6). All of the hydrolyses were conducted at room 

temperature using varying amounts of KOH as the base. Both the 

reverse Michael adduct 70 (15%) and some unhydrolyzed ethyl 
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ester were obtained when 4 equivalents of KOH in 95% EtOH were 

used (Entry 1). Suspecting that the K+-OEt generated in the KOH-

EtOH hydrolysis was responsible for the reverse Michael adduct, 

dioxane and 10 equivalents of KOH were used (Entries 2 and 3). 

Under these conditions, the retro Michael decomposition increased 

1 

2 

3 

4 

5 

ethyl 

ethyl 

ethyl 

ethyl 

methyl 

4 

10 

10 

8 

8 

Table 6. 

Hydrolysis of the Ethyl and Methyl Esters of 76. 

Entry Ester Equiv. of KOH Solvent Time Yield 

95% EtOH 2.5 h 57%a,b 

Dioxane 0.5 h 16%a 

Dioxane 0.25 h 32%b 

95% EtOH 1.75 h 91% 

95% EtOH 0.25 h 90% 

a The decomposition product 70 was also obsen/ed. 

b The unhydrolyzed ester was still present in the product mixture. 

relative to the desired hydrolysis. Increasing the amount of base 

and using 95% EtOH (Entry 4) minimized the retro Michael 

decomposition and gave a high yield (91%) of the hydrolysis product. 

These conditions were also employed for the more labile methyl 

ester 76 (Entry 5) to give the hydrolyzed product 77 in 90% yield. 

The next objective was synthesis of the lipophilic crown 

carboxylic acid 80 to determine if attachment of the lipophilic group 
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to the benzo groups of ligand 77 versus on the polyether ring in 80 

was an important structural variation of the ligand in solvent 

extraction. 

An attempt was made to prepare the lipophilic precursor 79 by 

the same methods used to synthesize 72 and 75 (Scheme 20). No 

cyanoethylations of tertiary alcohols have been reported,58 but a 

method to cyanoethylate hindered secondary alcohols was found in 

the literature.59 A model study using this reported cyanoethylation 

procedure was conducted. sym-Hydroxydibenzo-16-crown-5 and a 

C i o H 2 i v C H CioHsi^OCHgCH^CN 

78 79 

C I Q H 2 I > ^ OCH2Crl2CC^H 

1) MeOH, HCI ^ o o 

79 - C ( O 
2) KOH. EtOH °v^°^° 

80 

Scheme 20. 

catalytic amount of NaH were dissolved in THF at 250C and 1 

equivalent of acrylonitrile was added. The cyanoethylated crown 

72 was isolated in 45% yield. These reaction conditions were then 

used in a cyanoethylation attempt on the tertiary alcohol 78, but no 

reaction was detected. The reaction was tried again using similar 
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reaction conditions except for raising the temperature to reflux but 

still no reaction was observed. To determine if cyanoethylation of a 

tertiary alcohol was possible, a model study was performed using 

tert-butyl alcohol as the substrate. Cyanoethylation of K+OBu-t did 

not occur in THF at room temperature or at reflux, in t-butanol at 

room temperature or 80^0. In neat acrylonitrile only violent 

polymerization was observed. Since these attempts were not 

successful, the synthetic route depicted in Scheme 20 was 

abandoned. 

To investigate the influence of increasing the side arm length by 

a second methylene group (Scheme 21) crown carboxylic acid 84 

H OCH2CH2CH2OMS 

NaCN a. o o o o 

81 

82 
HCI, MeOH 

83 
KOH, 95% EtOH 

H^ OCH2CH2CH2CN 

DMSO 

60°C 
82 
H^ 0CH2CH2CH2C02Me 

^ O O ^ 

a„oO 
83 

H OCH2CH2CH2CO2H 

84 

Scheme 21 
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was synthesized. The crown mesylate 81 was supplied by a 

coworker and is readily available. Attempted displacement of the 

mesylate leaving group by cyanide ion using 1.2 equivalents of 

NaCN in DMSO at room temperature gave no reaction. With a large 

excess of NaCN in DMSO at 60OC, the cyano compound 82 was 

obtained in 74% yield. Hydrolysis of cyano crown 82 was 

accomplished by refluxing in anhydrous MeOH and bubbling 

anhydrous HCI through the solution for 50 hours. An aqueous 

quench gave crown ester 83 in 79% yield. Hydrolysis with 5 

equivalents of KOH in 95% EtOH at 250C for 3 hours gave the crown 

carboxylic acid 84 in 97% yield. 

Crown carboxylic acid 86 which contains a 13-memberd ring was 

synthesized by a previously reported procedure27a and is illustrated 

in Scheme 22. The alkylation of crown alcohol 85 was carried out 

H OH Ĥ  OCH2CO2H 

BrCH2C02H 

NaH, THF 

85 86 

Scheme 22 



65 

in THF in the presence of excess NaH and bromoacetic acid at room 

temperature for 36 hours and gave the crown carboxylic acid 

compound 86 in an 83% yield. No unreacted crown alcohol 85 was 

detected in the product mixture. 

Crown carboxylic acid 89 which possesses a 19-crown-6 ring 

was synthesized as illustrated in Scheme 23. 

CS2CO3, 

O H OH 

65 87 

87 

H OCH2C02Et 

BrCH2C02Et / = \ o 

NaH, THF '0-° °iJ 
•tipj 

88 

88 

H OCH2CO2H 

95% EtOH 
ZooJ 

89 

Scheme 23. 
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The bisphenol 65 was synthesized by a previously-reported 

method. Cyclization of 65 in refluxing MeCN using CS2CO3 and a 

high dilution addition of epichlorohydrin with a syringe pump gave 

the hydroxy crown 87 in 49% yield together with 8% of some 

incompletely cyclized material. A previously-reported cyclization 

employing H2O and KOH gave 87 in 51% yield along with polymeric 

material.60 Alkylation of 87 using bromoacetic acid and KH in 

refluxing THF gave a mixture of oligomers apparently due to the high 

nucleophilicity of the potassium carboxylate. Treatment of this 

mixture with excess KOH in refluxing 95% EtOH hydrolyzed the 

oligomer to give 89 in 28% yield for the two steps. The better 

procedure involved alkylation of the crown alcohol 87 in THF with 

ethyl bromoacetate in the presence of excess NaH for 48 hours at 

250c which gave crown ester 88 in 80% yield. Hydrolysis of ester 

88 with KOH in 95% EtOH gave 89 quantitatively. 

C-Pivot Proton-ionizable Crown Ethers 

The objective was to prepare a new class of C-pivot proton-

ionizable crown ethers to allow for comparison of their complexation 

parameters with the previously-discussed series of oxygen pivot 

proton-ionizable crowns. In these compounds a methylene group 

attaches the pendant arm to the polyether ring. The arm then 

contains an oxygen followed by one or more methylene groups and 
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the ionizable group. The different position of the oxygen in C-pivot 

versus O-pivot crown carboxylic acids could effect metal ion 

complexation. For evaluation of this variable by calorimetric 

determination of metal ion complexation, a series of C-pivot proton-

ionizable dibenzo crown ethers was synthesized (Figure 24). 

Compounds 92a, 92b, 92d, and 92e were all synthesized from 

the previously-discussed vinylidenedibenzo crown ether precursors. 

The general synthetic method used to prepare 92a, 92b, 92d, 92e 

and the attempted synthesis of 92c is illustrated in Scheme 24. 

The C-pivot 16-crown-5 carboxylic acid 92a was prepared for 

comparison with O-pivot analog of the same ring size, but with 

different proton-ionizable pendant arms. Hydroboration-oxidation of 

the vinylidene crown compound 56 with BH3-THF, followed by 

oxidation and basic hydrolysis gave hydroxy crown 90a in a 60% 

yield after mixed solvent recrystallization from heptane and 

benzene. Condensation of the hydroxy compound 90a with ethyl 

bromoacetate in THF in the presence of NaH at room temperature 

over 48 hours gave crown ester 91a in a 63% yield. 

Hydrolysis of 91a with KOH in 95% EtOH gave crown carboxylic 

acid 92a in 94% yield. Using bromoacetic acid to alkylate 90a 

instead of ethyl bromoacetate was not as effective. Even after 72 

hours, 92a was isolated in only 45% yield along with unreacted 

hydroxy crown 90a. 

For comparison with the non-lipophilic C-pivot analog 92a and 

with the lipophilic O-pivot analogs previously discussed, and to 

synthesize a C-pivot dibenzo-16-crown-5 ligand that would be 
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Figure 24. The targeted series of C-pivot proton-ionizable 
dibenzo crown ethers. 

insoluble in aqueous media, the lipophilic crown carboxylic acid 92b 

was prepared. The synthesis is illustrated in Scheme 24. 

Hydroboration-oxidation of vinylidene crown 58 using NaBH4 in 

conjunction with BF3-Et20 to generate the borane gave crown 

alcohol 90b as 1:1 hydrate in a 45% yield. Attempts to remove the 



69 

r^^ 1) BHo / ^ 

56, 57, 58, 59, 61 90a , 90b , 90c, 90d , 90e 

j-OCHgCOgEt 

90a , 90b . 90d , 90e ^^^^ ^^^ Y4^^ ^r% 
BrCH2C02Et ^^^^o o ^ ^ ' ^ 

91a,91b,91d,91e 

Y 

r-OCH2C02H 

„=,!,,„.,„.„. SECT ' ^ ° ^ ' 

92a , 92b , 92c, 92d , 92e 

Scheme 24. 

water from the hydrate by chemical drying and by use of a benzene 

azeotrope were ineffective. Recrystallization from MeOH was 

unsuccessful and the compound was recovered as a 1:1 MeOH 

solvate. Alkylation of the hydroxy crown compound 90b in THF at 

room temperature with ethyl bromoacetate and NaH for 24 hours 

gave the crown ester 91 b in 40% yield. The hydrating water in 

compound 90b probably hindered the formation of crown ester 91b 

by reacting with the NaH in the reaction mixture to make NaOH 

which hydrolyzed the ester 91 b. When the alkylation was conducted 
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under reflux for 12 hours, 91b was isolated in 30% yield along with 

recovered starting material and products arising from nucleophilic 

attack of the enolate of ethyl bromoacetate on another moiety of 

ethyl bromoacetate. Hydrolysis of 91b was carried out with KOH in 

95% EtOH at room temperature for 10 hours to give the crown 

carboxylic acid 92b in 94% yield. 

If the cavity size of the host is reduced, the complexation with 

smaller guests becomes favored. To increase the selectivity for 

lithium, an attempt was made to prepare the 13-crown-4 carboxylic 

acid 92c. The synthetic method used is illustrated in Scheme 24. 

Hydroboration-oxidation of vinylidene crown 59 with NaBH4 and 

BF3Et20 gave crown alcohol 90c in 45% yield along with the 

reduction product sym-methydibenzo-13-crown-4 and a product 

that turned black on standing. An attempt to condense the highly 

strained crown alcohol 90c with ethyl bromoacetate in the presence 

of KH at room temperature in THF gave none of the desired product. 

Ring opening and complete decomposition of the crown alcohol 

reactant was observed. Hence the attempt to prepare crown 

carboxylic acid 92c was unsuccessful 

For comparison with the O-pivot 14-membered analog, the 

proton-ionizable C-pivot crown carboxylic acid 92d was prepared. 

The synthetic method that was used is illustrated in Scheme 23. 

Hydroboration-oxidation of sym-vinylidenedibenzo-14-crown-4 (61) 

at OOC in THF using NaBH4 in conjunction with BF3-Et20 to 

generate the borane gave a complicated mixture of products from 

which crown alochol 90d was isolated in 27% yield. No unreacted 
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vinylidene crown 61 was detected in the product mixture. An 

attempt to alkylate crown alcohol 90d with bromoacetic acid and 

excess NaH in refluxing THF for 72 hours gave crown carboxylic acid 

92d in 23% yield. In an attempt to solvate the alkoxide of 90d more 

thoroughly in order to enhance its reactivity, the alkylation of hydroxy 

crown 90d in more polar solvents was investigated. The more 

reactive ethyl bromoacetate instead of bromoacetic acid was also 

employed. At room temperature in THF-DMF (4:1), alkylation with 

ethylbromo acetate in the presence of NaH gave the crown ester 

91 d in 9% yield. Alkylation of 90d with ethyl bromoacetate and 

excess NaH in DMF at room temperature gave 91 d in 14% yield. 

The best results were obtained from alkylation of 90d with ethyl 

bromoacetate in the presence of excess NaH in THF at room 

temperature. Using these conditions the crown ester 91 d was 

isolated in 33% yield. Hydrolysis of the crown ester 91 d in 95% 

EtOH with KOH at room temperature gave 92d in an 85% yield. 

To determine the effect of incorporating a C-pivot proton-

ionizable pendant arm versus the O-pivot analog for the 19-

membered ring size, the crown carboxylic acid 92e was prepared. 

The synthetic method that was used is illustrated in Scheme 24. 

sym-Vinylidenedibenzo-19-crown-6 (57) was subjected to 

Me2S-BH3 at OOC, followed by NaOH and 30% H2O2 to give crown 

alcohol 90e in 72% yield. Alkylation of 90e with bromoacetic acid 

and excess NaH in refluxing THF for 48 hours gave 92e in 34%> yield. 

By substitution of the more reactive alkylating agent ethyl 

bromoacetate, a higher yield was obtained. Thus crown alcohol 90e 
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was reacted with ethyl bromoacetate and excess NaH in THF at 

room temperature for 48 hours to give crown ester 91 e in 45% yield. 

Hydrolysis of 91 e with KOH in 95% EtOH at room temperature for 8 

hours gave 92e in 93% yield. 

To establish whether the ether linkage of the pendant arm was 

participating in guest complexation for the O- or C-pivot proton-

ionizable crown ethers, crown carboxylic acid 95 which contains no 

ethereal oxygens in the pendant arm was prepared. The method 

used to synthesize crown carboxylic acid 95 is shown in Scheme 25. 

Br H OH " ^ S / ^ ^ ^ ^ ^ ' 

O O CHpCU 0 0 0 0 
<yO^ ^ ° v ^ ^ ° V ^ 

93 94 

K Br H CH2CH2CO2H 

95 

Scheme 25. 

Carboxylic acid 95 was synthesized by a novel method for 

functionalizing crown ethers. sym-Hydroxydibenzo-16-crown-5 was 

tosylated by the previously-reported method using pyridine as the 
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solvent at room temperature and Ô C and gave 93 in 83 and 43% 

yields, respectively.61 A better yield was achieved when the 

tosylation was conducted in CH2CI2 at room temperature for 24 

hours which gave tosyloxy crown 93 in 97% yield. Replacement of 

the tosylate leaving group of 93 with bromide to give 94 was 

attempted under various conditions (Table 7). 

Table 7 

Reaction Conditions for Reaction of Tosylate 93 
with Bromide Ion to Give Compound 94. 

Entry Solvent 

ia MeCN 

2 Acetone 

3 HMPAb 

4 HMPAb 

5 HMPAb 

Eqivalents 
ofMBr 

10 NaBr 

10 NaBr 

0.9 LIBr 

0.9 LIBr 

10 LIBr 

Temp. 

reflux 

reflux 

IOOOC 

IOOOC 

8OOC 

Reaction 
time 

12 days 

7 days 

48 hours 

20 hours 

50 hours 

Yield 

0% 

0% 

8% 

12% 

83% 

aA catalytic amount of Kl was added. 

bThe HMPA was 2% H2O by volume. 

Initial attempts to displace the tosylate (entries land 2) were not 

effective. Use of a chelating solvent in combination with LIBr 

enhanced the nucleophilicity of the bromide ion sufficiently for some 

substitution to take place (Entries 3 and 4).62 A large excess of 

LIBr in HMPA proved to be an effective reagent combination for 

converting crown tosylate 93 into crown bromide 94 (Entry 5). 
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Additional novel chemistry was employed for the final step in the 

synthesis of crown carboxylic add 95 (Scheme 24).83 Crown 

bromide 94 was photolyzed in the presence of acrylic acid and 

Bu3SnH to give the crown carboxylic acid 95 in a 30% yield. An 

attempt to synthesize the lipophilic di-(t-butylbenzo) analog to 95 

was never completed. The di-t-butylbenzo crown tosylate 93a was 

synthesized in 84% yield using the same method described above 

for the synthesis of the non-lipophilic analog 93. 

To probe how the 16-crown-5 carboxylic acid 95 would compare 

with an analogous compound which had one less methylene group 

in the side arm, compound 99 was prepared (Scheme 26). 

The C-pivot crown carboxylic acid 99 was synthesized using a 

different methodology than what was employed for 92a, 92b, 92d 

and 92e. Crown alcohol 90a was mesylated by reaction with mesyl 

chloride in CH2CI2. The mesylate leaving group of 96 was then 

displaced by cyanide ion in anhydrous DMSO at 6OOC to give the 

cyano crown 97 in 98% yield. Methanolysis of the crown cyanide 97 

was carried out by bubbling anhydrous HCI through a refluxing 

anhydrous MeOH solution of 97 for 16 hours. After an aqueous 

quench crown methyl ester 98 was isolated quantitatively. 

Hydrolysis of 98 with KOH in 95% EtOH for 1 hour at room 

temperature gave the crown carboxylic acid 99 quantitatively. 

To determine the effect of deleting yet another methylene group 

from the pendant arm the synthesis of crown carboxylic acid 101 

was attempted. The synthetic route that was envisioned for the 

preparation of compound 101 is illustrated in Scheme 27. 
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Displacement of the tosylate leaving group from 93 with the 

cyanide anion from NaCN in HMPA was attempted at lOOOC for 24 

hours but decomposition to the two products shown in Figure 25 was 

observed. 

H OTs ^sP^ 

LoJ> CoJ CoJ 
93 A B 

Figure 25. The decomposition products A and B were observed 
in the attempted cyanide displacement of the tosyl leaving 
group. 

The decomposition products can be explained by 2 modes of 

attack by cyanide ion on the crown tosylate 93. Side product A could 

result from an elimination taking place after cyano crown 100 is 

formed. Attack of cyanide ion on the sulfur of the tosyl group could 

explain the formation of side product B. In a second attempt to 

replace the tosyl group with cyanide ion, the reaction was carried 

out at 10OOC and the reaction time was reduced to 40 minutes. A 

small amount of starting material 93 was detected and the rest of the 

product mixture consisted of the side products A and B. The 

reaction was then attempted at room temperature for 72 hours but 

only unreacted starting material and the side product B from cyanide 

attack on sulfur were detected. Since the cyano crown intermediate 
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100 seemed to be unstable to the reaction conditions required for its 

formation, the synthesis of the crown carboxylic acid 101 was 

abandoned. 

Monoaza Proton-ionizable Crown Ethers 

The donor atoms of a crown ether cavity play an important role in 

determining the strength of metal ion binding. If the donor atoms 

are oxygen, then alkali metal ions are complexed more tightly than 

heavy metal ions. However if the donor atoms are nitrogen, the 

transition metals are more favorably complexed. To assess the 

effect on binding of incorporating one nitrogen donor atom into the 

cavity of 16-crown-5 and 18-crown-6 systems, a series of monoaza 

proton-ionizable crown ethers was synthesized. (Figure 26). 
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Figure 26. The series of monoaza crown ethers that was 
synthesized. 
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A tertiary amine center was incorporated into crown ether 103 to 

probe the effect on metal ion complexation that the amine would 

have relative to the oxygen containing analogs. Another parameter 

that would be investigated is the effect of having an electron poor 

amine donor atom in the macrocyclic ring (103 and 112) versus an 

electron rich donor atom in 106. The methodology used to 

synthesize compound 103 is illustrated in Scheme 28. 

H OH H OCH2CO2H 

Ts Ts 

102 103 

Scheme 28. 

Crown alcohol 102 was prepared by a previously-reported 

method.52a The N-tosyl azacrown carboxylic acid 103 was isolated 

in 84% yield from reaction with bromoacetic acid and excess NaH for 

3 days at room temperature. Unreacted crown alcohol 102 and a 

trace amount of decomposition product were also observed in the 

reaction mixture. If the reaction was allowed to proceed longer than 

3 days or if reflux conditions were employed, reductive cleavage of 

the sulfonamide group was observed. 

To provide a more lipophilic analog of the azacrown caboxylic 

acid 104 and to increase the electron-donating ability of the amine-
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nitrogen by replacing the electron-withdrawing tosyl group with an 

electron-donating alkyl group, the N-decylaza compound 106 was 

prepared. The synthesis of N-decyl azacrown 106 is illustrated in 

Scheme 29. 
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Reaction with sodium amalgam in anhydrous MeOH for 20 hours at 

room temperature resulted in reductive detosylation to give the free 

amine 104 which was used without purification since it was found to 

decompose on standing in air. The conditions for alkylating the free 

amine, excess bromodecane in refluxing MeCN in the presence of 

excess K2CO3, alsoformed the decyl ester 105. To avoid product 

loss and a tedious purification, the esterification was allowed to go to 

completion over 6 days at reflux. The ester 105 was then 
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hydrolyzed with KOH in 95% EtOH at room temperature for 4 days to 

give the crown carboxylic add 106 in a 37% overall yield for the 3 

steps. 

To increase the lipophilicity in an analog of azacrown 103 without 

placing the lipophilic group on the amine, the di-(tert-butylbenzo) 

azacrown compound 112 was prepared. The synthesis of crown 

carboxylic acid 112 is illustrated in Scheme 30. 

The mono-THP-protection of t-butylcatechol to give compound 

107 was carried out in acidic Et20 at QOC and proceeded in 81% 

yield with a trace of diprotected material also being formed. The 

mono-THP-protected t-butyl catechol 107 was used without 

purification and was coupled with the previously-reported ditosylate 

tosylamide 108.84 Several reaction conditions for coupling 107 with 

108 in MeCN were studied for the objective of maximizing the yield 

(Table 8). 

The condensation of the ditosylate tosylamide 108 and the THP-

protected t-butylcatechol 107 was carried out by dissolving 

compound 107 in MeCN at 80^0 in the presence of excess base, 

adding a solution of compound 108 dropwise over 20 minutes, then 

stirring the reaction solution at 80^0 for 5 days. The yields shown in 

Table 8 were calculated after deprotection and are for the two step 

formation of the bisphenol 109. 

A possible explanation of these results (Table 8) may stem from 

the relative nucleophilicities of the phenoxide salts. The sodium 

phenoxide is less nucleophilic than the potassium phenoxide and the 
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reaction that utilized K+-OBu-t gave a higher yield than the one using 

NaH (Entries land 2). The cesium phenoxide should be more 

t-butyl t-butyl' 

107 
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95% EtOH 

H OCH2CO2H 

TS 112 

Scheme 30. 
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nucleophilic than both sodium and potassium phenoxides. In 

agreement, the reaction that employed CS2CO3 gave the best 

results (Entry 3). 

Table 8 

Yield and the Base Used for Coupling 
Compound 107 with 108. 

Reaction 

1 

2 

3 

Base 

NaH 

K+OBu-t 

CS2CO3 

Yield of 109 

17% 

26% 

83% 

Several different reaction conditions were investigated for the 

cyclization reaction of 109 with epihalohydrins to form 110 (Table 9). 

Table 9 

Cyclization Reactions Forming Crown Alcohol 110. 
The Base, Solvent and Epihalohydrin Were Varied. 

Reaction Base Solvent Epihalohydrin Yield 

1 NaH THF epichlorohydrin 0% 

2 KOH MeOH epichlorohydrin 28% 

3 KOH MeOH epibromohydrin 17% 

4 Cs2CCb MeCN epichlorohydrin 44% 
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The cyclizations were carried out by dissolving bisphenol 109 in 

the solvent in the presence of excess base and adding the 

epihalohydrin solution over a 15-hour period to the reaction mixture 

which was then kept at 670C for 3 days. The cydizations using 

KOH, NaH or epibromohydrin (Entries 1,2, and 3) were not as 

effective as that which employed CS2CO3, MeCN and 

epichlorohydrin (Entry 4). These results could be another instance 

where phenoxide nucleophilicity is the dominant factor. The 

observation that epibromohydrin does not give a better yield than 

epichlorohydrin (Entry 3 vs. Entry 2) is indicative that the efficiency of 

the cyclization reaction is dependant upon the phenoxide opening 

the epoxide and not upon displacement of the halogen of the 

epihalohydrin. 

Alkylation of the crown alcohol 110 with bromoacetic acid in THF 

at room temperature in the presence of NaH gave 112 in 43% yield 

after 5 days. Alkylation of compound 110 with the more reactive 

ethyl bromoacetate in THF at room temperature in the presence of 

NaH for 3 days gave crown ester 111 in a 50% yield. Hydrolysis of 

crown ester 111 with KOH in 95% EtOH for 19 hours at room 

temperature proceeded quantitatively to give 112. 

To determine the effect of inserting one nitrogen atom into an 18-

membered crown ring, the azacrown carboxylic acid 116 was 

prepared. The t-butyl groups were present to enhance lipophilicity 

and reduce solubility in aqueous media. The synthesis of the aza 

crown carboxylic acid 116 is illustrated in Scheme 31. The di-t-butyl 
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bisphenol 35 was prepared by a previously-reported method.53b 

Cyclization of compound 108 with 35 in refluxing THF-

Ts 

H CH2C02Et 

^ N ^ ^ f l r s 
MeOH 0 0 ^ ^ ^ ^ O 0 ^ ^ 

^ ° ^ 1 1 4 ^ O ^ 115 
CH2CO2H 

O O ^ ^ 

^ 0 ^ 1 1 6 

Scheme 3 1 . 

DMF (19:1) using K+-OBu-t as the base gave 113 in an 1 8 % yield. 

The elimination product from the ditosylate tosylamide 108 was also 

isolated from this reaction (Figure 27). 

K"" "OBu-t 

Tso' \ OTs THF-DMF (19;1). \ 
I reflux I 

Ts Ts 

Figure 27. K+-OBu-t in refluxing T H F - D M F (19:1) causes 
elimination to occur. 
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To try to avoid the elimination product shown in Figure 30, NaH 

was used instead of K+OBu-t. NaH pulls the phenolic proton 

irreversibly where as K+OBu-t induces an equillibrium of alkoxide 

and phenoxide. Phenoxide is not a strong enough base to induce 

elimination of the ditosylate tosylamide so the use of NaH removed 

the decomposition problem shown in Figure 30. Cyclization of 35 

with the ditosylate tosylamide 108 was performed in MeCN at reflux 

using NaH as the base and gave N-tosylaza crown 113 in 44% yield. 

Cyclization in DMF at 80OC using NaH was not as effective and gave 

113 in 24% yield indicating a deleterious solvent effect. 

The sulfonamide group was cleaved from compound 113 with 

6% Na(Hg) amalgam in anhydrous dioxane-MeOH (4:1) to give the 

azacrown 114 in 87% yield after chromatography. Alkylation of 114 

with ethyl bromoacetate and Na2C03 in dry DMF at 80OC gave the 

ester compound 115 in 42% yield. Employing the stronger base, 

CS2CO3 gave 115 in 60% yield. 

Hydrolysis of the crown ether ester 115 was attempted under 

neutral conditions to avoid isolation of the azacrown carboxylic acid 

116 as a mixture of the hydrochloride salt and zwitterion species. 

After 14 days in water at room temperature, compound 116 was 

separated from the unhydrolyzed ester in an 18% yield. Hydrolysis 

of 115 with NaOH in aqueous dioxane at room temperature for 3 

days followed by a back titration with 0.5 N HCI gave 116 in 40% yield 

after chromatography. 
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DKproton-ionizable^ Crown Ethers 

In order to bind doubly-charged cationic guests effectively, two 

macrocyclic bound counterions can be supplied. With the goal of 

complexing alkaline earth cations, diionizable crown ethers 119a 

and 119b were prepared. The method used to synthesize these 

di(proton-ionizable) crown ethers is illustrated in Scheme 32. 

72 H 117a H 
75 t-butyl 117b t-butyl o 

^ 
OEt 

BrCH?C02Et_ X^'v^° --^.^ bruii?uu2t^t -̂"̂ N̂ O O^^^f^ / 
117a or 117b K,CO; ' R - O : ^ ^ X ) " ' ^ °^* 

^ ° ^ R 
118a H 
118b t-butyl o 

A 
^^O^^y^s^' ^ O 

'OH 
,N 

118a or118b J<QH ^ R ^ ^ ^ ^Y^^ OH 
95% ETOH ^ A o o ^ ' ^ ^ 

119a H 
119b t-butyl 

Scheme 32. 



87 

The reduction of crown nitrile 72 with AIH3 in refluxing THF gave 

azacrown ether 117a in 20% yield. The major side product was the 

retro-Michael product, sym-hydroxydibenzo-16-crown-5. With use 

of BH3-Me2S instead of AIH3, the reduction of cyano crown 72 for 

two days at room temperature gave 117a in 54% yield. 

Condensation of 117a with ethyl bromoacetate in MeCN at room 

temperature in the presence of K2CO3 for 2 days gave crown ester 

118a quantitatively. Hydrolysis of 118a with KOH in 95% EtOH 

followed by neutralization with HCI gave the crown dicarboxylic acid 

119a in 96% yield. The diionizable compound 119a was slightly 

water soluble and was prepared for use in calorimetric determination 

of its binding constants. 

To increase the lipophilicity so the macrocycle could be used in 

metal ion extraction from aqueous media, the di-t-butylbenzo 

diionizable compound 119b was synthesized. Reduction of 75 was 

carried out for three days with BH3-Me2S in refluxing THF and gave 

crown amine 117b in 40% yield. Condensation of the hydrochloride 

salt of 117b with ethyl bromoacetate in MeCN in the presence of 

K2CO3 for a 20-hour period gave the diester 118b in 62% yield. 

Hydrolysis of the diester 118b with KOH in 95% EtOH gave crown 

dicarboxylic acid 119b in 97% yield. 

Condensation of svm-Hvdroxydibenzo Crown 
Ethers and svm-Hvdroxvmethvldibenzo Crown 

Ethers with Bromoacetic Add and 
Ethyl Bromoacetate 

During the synthesis of the C-pivot and O-pivot proton-ionizable 

crown ethers it became apparent that there were several 
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parameters which affected the relative yields of reactions involving 

the alkoxides of hydroxy and hydroxymethyl crown ethers with ethyl 

bromoacetate or bromoacetic acid (Table 10). 

Table 10 

Alkylation of Hydroxy and Hydroxymethyl Crown Ethers. 

n = 0,1 
H ,(CH2)nOH 

X 
o o 

NaH or KH 
BrCH2C02H or 
BrCH2C02Et 

Y ^ Y 
THF 
reflux or 25°C 

H .(CH2)nOCH2C02{Et,H) 

X 
o 

o :x>-
Entrv n Y 

1 0 H 

X_ 

2 

3 

4 

5 

6 

7 

8 

9 

-(CH2CH2)20-

0 H -(CH2CH2)20-

1 H -(CH2CH2)20-

0 t-butyl -(CH2CH2)20-

1 t-butyl -(CH2CH2)20-

Alkylating aaent Base Temp. Yield% 

BrCH2C02H NaH RT 50-60 

BrCH2C02H KH RT 77 

BrCH2C02H NaH RT 22 

BrCH2C02H NaH RT 59 

BrCH2C02H NaH reflux 23 

80 0 H -CH2CH2(OCH2CH2)2 BrCH2C02Et NaH RT 

1 H -CH2CH2(OCH2CH2)2 BrCH2C02Et NaH RT 

0 H -CH2CH2- BrCH2C02H NaH RT 

1 H -CH2CH2CH2- BrCH2C02H NaH reflux 23 

35 
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For the reactions listed in Table 10, the bromoacetic acid or ethyl 

bromoacetate was added over a 10- to 20-minute period to the 
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crown ether alkoxide dissolved in THF at the specified temperature. 

The reaction times varied from 1 to 3 days. 

Two primary factors determine the yield of this condensation: a) 

the comparative reactivity of bromoacetic acid versus ethyl 

bromoacetate; and b) the activity of the alkoxide nucleophile as 

determined by the degree of stabilization offered by the crown ether 

cavity. 

Ethyl bromoacetate should have a higher reactivity towards 

nucleophilic substitution of the bromide than bromoacetic acid. 

Although ethyl bromoacetate is more reactive, it has the 

disadvantage that the ester portion of the molecule is also 

susceptible to nucleophilic attack (Figure 28). If the alkoxide is very 

reactive, the product resulting from attack a is favored. If the 

alkoxide's reactivity is diminished then attack a becomes 

competitive. 

Attack a 

Figure 28. The alkoxide nucleophile can attack at the carbonyl 
or the a position. 

There is a definite difference between the alkoxide reactivities of 

the hydroxymethyl and hydroxy crown ethers (Entries 1 vs. 3, 4 vs. 5, 
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and 6 vs. 7). The difference of reactivity is probably related to the 

degree of intramolecular stabilization the alkoxide receives from the 

crown ether (Figure 29). Figure 29 illustrates how the extra 

v_/-°c/ 
Figure 29. The hydroxymethyl crown ether D offers more 
alkoxide stabilization than hydroxy crown ether 0 because of the 
more favorable positioning of the alkoxide. 

methylene center in the C-pivot alkoxide D produces a strong 

stabilizing complex which diminishes the alkoxide nucleophilicity. 

When this methylene unit is removed in C, complexation with the 

ring is not as favorable because the alkoxide can no longer reach 

completely over the cavity of the ring and the alkoxide's 

nucleophilicity is not decreased to the same extent as in D. 

Examination of CPK models supports these conclusions. The 

product resulting from attack by pathway a (Figure 28) was 

observed in the sym-(hydroxymethyl)dibenzo-19-crown-6 system 

(Entry 7) where it is reasonable that the alkoxide is stabilized by the 

crown ether ring. For the alkylation of sym-hydroxydibenzo-19-

crown-6 (Entry 6) where no ring stabilization of the alkoxide is 

expected, only product from attack by pathway b (Figure 28) was 



91 

observed. The same type of alkoxide-crown ether interactions are a 

possible reason for the disparity of yields for Entries 1 versus 3 and 4 

versus 5 (Table 10). 

If intramolecular stabilization determines the nucleophilicity of a 

crown ether alkoxide, then use of an alkali metal counterion that is 

not the appropriate diameter for the crown ether cavity size should 

disrupt some of this ring stabilization for C- and O-pivot crown ether 

alkoxides and increase their reactivity. The potassium ion is too 

large to fit in a 16-crown-5 ring and use of KH instead of NaH (Entry 

2 vs. 1) increased the yield to 77% from 60%. The yield increase for 

the change from NaH to KH (Entry 2) could also be explained by the 

expected increase of nucleophilicity of a potassium alkoxide over a 

sodium alkoxide. Supporting evidence for the disruption of ring 

stabilization and not alkoxide nucleophilicity as the major 

contributing factor of the alkoxide's reactivity is found in Entry 8. 

Here the sodium counterion is too large for the 13-membered ring 

and the reaction is just as efficient as in Entry 2 where the potassium 

counter ion was used. 

There are disadvantages to using KH to disrupt the ring 

stablization of the alkoxide. The use of potassium hydride to disrupt 

ring stabilization of the C-pivot alkoxides of the highly strained 13-

and 14-membered dibenzocrown ethers resulted in degradation of 

the parent crown ether. Also when KH was used at reflux 

temperatures in THF with bromoacetic acid, the potassium 

carboxylate was observed to act competitivly with the alkoxide as a 
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nucleophile. This behaviour was not observed if NaH was used 

under identical conditions (Entry 5). 

An attempt to competitively solvate the alkoxide and decrease 

the stabilization from the crown ether ring by implementing more 

polar solvents was not successful in the 14-membered ring system. 

It was hoped that the more polar solvent would compete with the 

crown ring for stablization of the alkoxide rendering it more 

nucleophilic, but this was not observed. 

Condusbn 

Several novel synthetic methods have been developed and two 

classes of crown ethers, neutral and proton-ionizable, have been 

prepared. The Cs2C03-templated reaction of a di-t-butyl 

substituted bisphenol with triethyleneglycol ditosylate was shown to 

be an effective route to the previously unknown sym-di[4(5)-tert-

butylbenzo]-21 -crown-7. Two effective preparations of lipophilic 18-

crown-6 macrocycles have been investigated. The first, involving 

cyclization of primary diols with their reactive ditosylates, requires 

several steps but is an effective method. The second, involving 

cyclization of functionalized vidnal diols with polyethyleneglycol 

ditosylates in DMF-THF (4:1) is a much shorter and more attractive 

route. Several novel synthetic methods have been probed for the 

preparation of three classes of proton-ionizable polyethers; proton-

ionizable crown ethers, proton-ionizable azacrown ethers and 

di(proton-ionizable) crown ethers. The development of a new 

method for the preparation of vinylidene crown ethers was implicit to 
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these investigations. Lastly the reactivity difference between 

alkoxides formed from hydroxy- and hydroxymethylcrown ethers in 

condensation reactions with ethyl bromoacetate and bromoacetic 

acid was found to be dependent upon the ability of the metal ion of 

the crown alkoxide to be complexed within the polyether cavity. 



CHAPTER IV 

EXPERIMENTAL PROCEDURES 

Instrumentation and Reagents 

Melting points were determined on a Fisher-Johns melting point 

apparatus and were uncorrected. "> H NMR and 13C NMR spectra 

were obtained with Varian EM-360, IBM AF-200, or IBM AF-300 

spectrometers. The chemical shifts are expressed in parts per 

million (ppm) downfield from tetramethylsilane. Infrared spectra 

were obtained on either a Nicolet MX-S FT-IR or a Perkin-Elmer 

1600 Series FT-IR spectrometer on NaCI plates and are given in 

wavenumbers (cm-1). 

Unless specified othenA/ise starting materials and solvents were 

reagent grade and used as received. Dry solvents were prepared as 

follows: pyridine was dried over KOH pellets; N, N-dimethyl-

formamide (DMF) and acetonitrile were dried over 4A molecular 

sieves, or K2CO3; tetrahydrofuran (THF) was distilled from LiAIH4; 

tert-butyl alcohol was distilled from CaH2; MeOH was distilled from 

magnesium filings with a crystal of added iodine; and EtOH was dried 

by azeotropic distillation in the presence of benzene. 

Thin layer chromatography (TLC) was performed with either 

Analtech Alumina GF or Silica GF prepared plates. The plates were 

precoated with 250 mm silica gel or alumina. Column 

chromatography was performed using either alumina (80-200 

mesh) or silica gel (60-200 mesh) from Fisher Sdentific. Radial 
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chromatography was performed on a Harrison Research 

Chromatotron model 7924T using Silica Gel 60 PF254 with gypsum 

from EM Science. 

Elemental analyses were done by Desert Analytics of Tucson, 

Arizona. 

Procedures for Preparation of Neutral 
Crown Ethers 

Dibenzo-21-crown-7 (34).3d Under nitrogen, a solution of 

triethyleneglycol ditosylate85 (4.14 g, 9.0 mmol) in 20 mL of MeCN 

was added during a 20 min period to a solution containing bisphenol 

3354a (2.79 g, 9.0 mmol) and CsF (6.84 g, 45.0 mmol) suspended in 

250 mL of MeCN. The solution was heated to 8OOC and stirred 3 d. 

The mixture was filtered and the MeCN was removed in vacuo. The 

residue was chromatographed on alumina with CH2CI2 and 

CH2Cl2-EtOAc (5:1) as eluents and recrystallized from MeOH to 

give 1.49 g (41 %) of a white solid with mp 107-108OC. (Lit. 106.5-

IO7.5OC) IR(deposit): 1110(C-O)cm-''. ^H NMR (CDCI3): 6 3.51-

4.47 (m, 20H); 6.61-7.08 (m, 8H). 

sym-Di[4(5)-tert-butylbenzo]-21-crown-7 (36). Under 

nitrogen, 2,2'-bis[4(5)-tert-butyl-6-hydroxyphenoxy]-ethyl ether (35) 

(2.00 g, 4.98 mmol)53d and CS2CO3 (3.40 g, 10.45 mmol) were 

stirred with 160 ml of dry MeCN and the mixture was heated to 

68OC. A solution of triethyleneglycol dimesylate44a (1.52 g, 4.98 

mmol) dissolved in 30 mL of MeCN was added dropwise over 1 h. 

The reaction mixture was stirred for 72 h, cooled to room 
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temperature, and filtered. The MeCN was removed in vacuo. The 

residue was dissolved in 40 mL of CH2CI2, washed with 3N NaOH 

(2x30 mL), 6N HCI (40 mL), and H2O (40 mL), then dried over 

MgS04. The CH2CI2 was removed in vacuo and the residue was 

chromatographed on alumina with CH2Cl2-Et20 (1:1) as eluent to 

give a clear oil. Trituration wth 4 drops of hot MeOH gave 1.26 g 

(49%) of a white solid with mp 86-970C. IR (KBr): 1110 (C-0) cm-1. 

1H NMR (CDCI3): 6 1.33 (s. 18H); 3.78-4.45 (m, 20H); 6.80-7.19 (m, 

6H). Anal. Calcd for C30H44O7: C, 69.74; H, 8.58. Found: C, 69.59; 

H, 8.57. 

4-tert-Butylbenzo-21-crown-7 (37). 4-tert-Butylcatechol (1.00 

g, 6.01 mmol) was diluted to 10 mL with anhydrous MeCN and taken 

up in a syringe. Hexaethyleneglycol dimesylate44b (2.64 g, 6.01 

mmol) was diluted to 10 mL with anhydrous MeCN and taken up in a 

syringe. Both solutions were simultaneously added with 2 syringe 

pumps over a 10 h period to a nitrogen-blanketed suspension of 

CS2CO3 (4.67 g, 14.37 mmol) in 30 mL of MeCN. The reaction 

mixture was refluxed fori4 h after the addition was completed and 

cooled to room temperature. A 3N solution of KOH (30 mL) was 

added and the mixture was extracted with CH2CI2 (3x 40 mL). The 

combined CH2CI2 extracts were washed with 3N KOH (30 mL), 

dried over MgS04, and chromatographed on alumina with EtOAc as 

the eluent to give 1.85 g (75%) of a pale yellow oil. IR (neat): 1124 

(C-0)cm-1. 1HNMR(CDCI3): 5 1.28 (s, 9H); 3.51-4.32 (m, 24H); 

6.71 -7.02 (m, 3H). Anal. Calcd for C22H36O7: C, 64.06; H, 8.80. 

Found:C, 64.16; H, 8.87. 
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Di(tetrahydropyranyl-protected) 5-Dodecyl-3,6-dioxa-1,8-

octanediol (38). Under nitrogen at 650C in a flask equipped with an 

addition funnel, condenser and mechanical stirrer, THP protected 2-

chloroethanol86 (29.00 g, 176.26 mmol), 1,2-tetradecanediol (5.83 

g, 25.30 mmol) and tetrabutylammonium hydrogensulfate (0.75 g, 

2.20 mmol) were stirred together and a 50%NaOH solution (94 mL) 

was added dropwise during a 1 h period. The reaction mixture was 

stirred for 5 d and then cooled to room temperature. Water (50 mL) 

was added and the mixture was extracted with CH2CI2 (4x100 mL). 

The combined CH2CI2 extracts were washed with H2O (2x100 mL), 

dried over MgS04 and chromatographed on alumina with CCI4, 

then CH2CI2 as eluents to give 6.05 g (49%) of a pale yellow oil that 

was used without further purification. IR (neat): 1120 (C-O) cm-'^. 

1H NMR (CDCI3): 5 0.81 (t, 3H); 1.05-2.09 (m, 34H); 3.31-4.12 (m, 

15H);4.69(t, 2H). 

5-Dodecyl-3,6-dioxa-1,8-octanediol (39). At 250C, di-THP-

protected diol 38 (2.43 g, 5.02 mmol) was dissolved in 200 mL of 

MeOH-CH2Cl2 (1:1). Concentrated HCL (15 drops) was added 

and the reaction mixture was stirred for 2 h. Saturated NaHCOs 

(100 mL) was added and the reaction mixtured was extracted with 

CH2CI2 (3x50 mL). The combined CH2CI2 extracts were dried over 

Na2S04 and the solvent was removed in vacuo to give 1.31 g (82%) 

ofaclearoil . IR (neat): 3358 (0-H); 1120 (C-O) cm-1. 1HNMR 

(CDCI3): 5 0.81 (t, 3H); 1.05-1.47 (m, 22H); 3.24-3.89 (m, 11H); 3.89-

4.28 (br s, 2H, OH). Anal. Calcd for Ci 8H38O4-(0.76 MeOH): C, 

65.72; H, 12.07. Found: C, 65.73; H, 12.03. 
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Ditosylate of 5-Dodecyl-3,6-dioxa-1,8-octanediol (40). Under 

nitrogen at room temperature, a solution of tosyl chloride (1.56 g, 

8.16 mmol) dissolved in 1.65 mL of CH2CI2 was added dropwise to a 

solution of diol 39 (0.50g, 1.57 mmol) and anhydrous pyridine (0.64 

g, 8.16 mmol) dissolved in 2.0 mL of CH2CI2. The reaction mixture 

was stirred for 3 d and then 6 N HCL (50 mL) was added. The 

reaction mixture was extracted with CH2CI2 (3x30 mL). The 

combined CH2CI2 extracts were washed with 50 mL of 6N HCI, 5% 

NaHC03 (3x30 mL), dried over MgS04 and chromatographed on 

alumina with CCI4, CH2CI2-CCI4 (1:1), CH2CI2, then CH2Cl2-Et20 

(1:1) as eluents to give 0.65 g (67%) of a colorless oil. IR (neat): 

1361,1176 (SO2); 1116 (C-O) cm-1. 1 H NMR (CDCI3): 6 0.81 (t, 

3H); 1.05-1.47 (m, 22H); 2.45 (s, 6H); 3.20-3.78 (m, 7H); 4.02-4.24 

(m, 4H); 7.34 (d, 4H); 7.79 (d, 4H). Anal. Calcd for C32H50O8S2: C, 

61.31; H, 8.04. Found: C, 61.61; H, 8.22. 

2,11(12)-Didodecyl-18-crown-6 (41). Under nitrogen at room 

temperature, a solution of ditosylate 40 (2.12 g, 3.38 mmol) 

dissolved in 6.4 mL of dry THF was added dropwise during a 20 min 

period to a solution of diol 39 (1.02 g, 3.20 mmol) and potassium tert-

butoxide (0.80 g, 7.09 mmol) dissolved in 16.3 mL of THF. The 

reaction mixture was stirred for 24 d and the solvent was removed in 

vacuo. The residue was dissolved in CH2CI2 (40 mL), washed with 

saturated NaHC03 (30 mL), dried over MgS04 and 

chromatograped on alumina with CH2CI2 then Et20 as eluents to 

give 0.78 g (41%) of a clear oil. IR (neat): 1116 (C-O) cm-1. 1 H 
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NMR (CDCI3): 8 0.81 (t, 6H); 1.01 -1.59 (m, 44H); 3.19-3.92 (m, 22H). 

Anal. Calcd for C36H72O6: C, 71.95; H, 12.08. Found: C. 72.16; H, 

12.22. 

Dodecyl-18-crown-6(43) Under nitrogen at 250C, 1,2-

tetradecanediol (2.00 g, 8.68 mmol) was diluted to 6.3 mL with 

anhydrous DMF-THF (4:1) and taken up in a syringe. The ditosylate 

of pentaethylene glyco|87 (4.75 g, 8.68 mmol) was diluted to 6.3 mL 

with anhydrous DMF-THF (4:1) and taken up in a syringe. Both 

solutions were simultaneously added with two syringe pumps during 

a 20 h period to 0.48 g of a 60% dispersion of NaH in mineral oil 

(20.00 mmol) suspended in 16.0 mL of DMF-THF (4:1). The 

reaction mixture was stirred for a total of 3 d and was quenched with 

3 N HCI (20 mL). The mixture was extracted with CH2CI2 (3x20 

mL). The combined CH2CI2 extracts were dried over MgS04 and 

solvent was removed in vacuo. Residual DMF was removed under 

vacuum at 40 oC/0.04 mm. The residue was chromatographed on 

alumina with Et20 then EtOAc as eluents to give 0.96 g (26%) of a 

clear oil. IR (neat): 1119 (C-O) cm-1. 1 H NMR (CDCI3): 8 0.95 (t, 

3H); 1.10-1.62 (m, 22H); 3.41-3.39 (m, 23H). 13c NMR (CDCI3): 5 

14.07, 22.63, 25.54,29.31, 29.59, 31.71, 31.86, 69.53, 70.56, 70.73, 

70.78, 74.49, 79.32. Anal. Calcd for C24H48O6: C, 66.63; H, 11.18. 

Found: C, 66.66; H, 11.25. 

7,8-Dihydroxytetradecane (42b). At OOC under nitrogen, 

trans-7-tetradecene (5.00g, 24.46 mmol) was added dropwise to a 

solution of 88% formic acid (15.3 mL) and 30% hydrogen peroxide 

(3.8 mL). The solution was warmed to 250C, stirred for 15 h, and 
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was extracted with Et20 (3x30 mL). The combined Et20 extracts 

were washed successively with 5% Na2S03 (2x30 mL), 6 N NaOH 

(10 mL) and 6 N HCI (15 mL). The Et20 was removed in vacuo and 

the residue was recrystallized from CH2CI2 to give 2.72 g (46%) of a 

white solid with mp 134-1350C. IR (deposit): 3427-3000 (0-H) 

cm-1. 1H NMR (CDCI3): 8 0.89 (t, 6H); 1.07-1.68 (m, 20H); 1.67-2.15 

(br s, 2H, OH); 3.61 (t, 2H). Anal. Calcd for C14H30O2: C, 73.05; H, 

13.05. Found: C, 73.09; H, 13.34. 

2,3-Dihexyl-18-crown-6 (44). Under nitrogen at room 

temperature, 7,8-dihydroxy tetradecanediol (42b) (2.00 g, 8.68 

mmol) was diluted to 23.0 mL with anhydrous DMF-THF (4:1) and 

taken up in a syringe. The ditosylate of pentaethyleneglycol (4.75 g, 

8.68 mmol) was diluted to 23.0 mL with anhydrous DMF-THF (4:1) 

and taken up in a syringe. Both solutions were simultaneously 

added with two syringe pumps during a 21 h period to 0.46 g of a 

60% dispersion of NaH in mineral oil (19.10 mmol) suspended in 

16.0 mL of DMF-THF (4:1). After a total of 3 d, 3 N HCI (40 mL) was 

added. The mixture was extracted with CH2CI2 (3x30 ml). The 

combined CH2CI2 extracts were dried over MgS04 and the solvent 

was removed in vacuo. Residual DMF was removed under vacuum 

at 40 OC/ 0.04 mm. The residue was chromatographed on alumina 

with Et20 then Et20-EtOAc (10:1) as eluents to give 1.34 g (36%) of 

a clear oil. IR (neat): 1126 (C-O) cm-1. lH NMR (CDCI3): 8 0.89 (t, 

6H); 1.07-1.71 (m, 20H); 3.39 (d, 2H); 3.50-3.98 (m, 20H). 13CNMR 

(CDCI3): 8 13.97, 22.49, 26.37, 29.29, 30.36, 31.73, 69.62, 70.57, 
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70.65, 81.86. Anal. Calcd for C24H48O6: C, 66.63; H, 11.18. Found: 

C, 66.74; H, 11.49. 

9,14-Di(2-hydroxyethyl)-10,13-dioxadocosane (46). Under 

nitrogen, a solution of diacid 45 (1 .OOg, 2.48 mmol) dissolved in 2.0 

mL of dry THF was added dropwise to a suspension of LiAIH4 (0.40 

g, 10.43 mmol) in 58 mL of dry THF. The mixture was heated to 

reflux and stirred for 3 d. The mixture was cooled to room 

temperature, and H2O (2 mL), 15%NaOH (2 mL) and H2O (5 mL) 

were added successively. The mixture stirred for 15 h and filtered. 

The solvent was removed in vacuo from the filtrate and the residue 

was dissolved in 50 mL of CH2CI2. The CH2CI2 solution was 

washed with H2O (20 mL) and dried over MgS04. The solvent was 

removed to give 0.91 g (98%) of a colorless oil. IR (neat): 3420 (O-

H); 1102 (C-O) cm-1. 1 H NMR (CDCI3): 8 0.86 (t, 6H); 1.10-1.68 (m, 

28H); 3.24-3.88 (m, 12H). 13c NMR (CDCI3): 8 13.89, 22.46, 25.37, 

29.08, 29.34, 29.59, 30.99, 31.67, 64.46, 64.55, 69.31, 69.58, 81.33, 

81.54. Anal. Calcd for C22H4604-1.1 H2O: C, 67.00; H, 12.31. 

Found: C, 66.84; H, 12.61. 

3,8-Dloctyl-18-crown-6 (48). Under nitrogen at room 

temperature, a solution of the ditosylate of tetraethyleneglycol85a 

(1.57 g, 2.67 mmol) was dissolved in 5.0 mL of dry THF and added 

dropwise during a 20 min period to a solution of diol 46 (1.00 g, 2.67 

mmol) and potassium tert-butoxide (0.73 g, 6.00 mmol) dissolved in 

13.6 mL of dry THF. The reaction solution was stirred for 25 d and 

the THF was removed in vacuo. The residue was dissolved in 30 

mL of CH2CI2 , washed with saturated NaHC03 (30 mL), dried over 
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MgS04, and chromatographed on alumina with CH2CI2, then Et20 

as eluents to give 0.58 g (44%) of a clear oil. IR (neat): 1122 (C-O) 

cm-1. 1H NMR (CDCI3): 8 0.86 (t, 6H); 1.11 -1.65 (m, 28H); 3.31 -3.91 

(m, 22H). 13c NMR (CDCI3): 8 13.82, 22.36, 25.32, 28.99, 29.27, 

29.46, 31.58, 69.09, 69.41, 70.54, 74.26, 74.43, 78.87, 79.04. Anal. 

Calcd for C28H56O6: C, 68.81; H. 11.55. Found: C, 68.84; H, 1117. 

9,14-Di(2-tosyloxyethyl)-10,13-dioxadocosane (49). Under 

nitrogen at room temperature, a solution of tosyl chloride (3.06 g, 

16.03 mmol) dissolved in 3.2 mL of CH2CI2 was added dropwise 

during a 30 min period to a solution of diol 46 (1.16 g, 3.08 mmol) 

and dry pyridine (1.30 g, 16.03 mmol) dissolved in 3.8 mL of CH2CI2. 

The reaction mixture was stirred for 20 h at room temperature. Cold 

5% HCI (100 mL) was added and the reaction mixture was extracted 

with CH2CI2 (3x20 mL). The combined CH2CI2 extracts were 

washed with 100 mL of 5% NaHC03, dried over MgS04, and 

chromatographed on alumina with CH2CI2 as eluent to give 2.02 g 

(96%) of a colorless oil. IR (neat): 1363,1177 (SO2) cm-1. 1 H NMR 

(CDCI3): 8 0.86 (t, 6H); 1.10-1.60 (m, 28H); 2.44 (t, 6H); 3.32-3.67 (m, 

6H); 3.87-4.08 (m, 4H); 7.34 (d, 4H); 7.78 (d, 4H). Anal. Calcd for 

C36H58O8S2: C,63.31; H, 8.56. Found: C, 63.61; H, 8.55. 

2,6,11,15-Tetraoctyl-18-crown-6 (50). Under nitrogen at room 

temperature, a solution of ditosylate 49 (1.96 g, 2.87 mmol) 

dissolved in 5 mL of dry THF was added dropwise during a 20 min 

period to a solution containing the diol 46 (1.13 g, 3.02 mmol) and 

potassium tert-butoxide (0.83 g, 6.78 mmol) dissolved in 15 mL of 

dry THF. The reaction mixture was stirred for 27 d and the solvent 
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was removed in vacuo. The residue was dissolved in CH2CI2 (40 

mL), washed with saturated NaHC03 (50 mL), dried over MgS04 

and chromatographed on alumina with CH2CI2 as eluent to give 

0.63 g (31%) of a colorless oil. IR (neat): 1112 (C-O) cm-1. 1 H NMR 

(CDCI3): 8 0.89 (t, 12H); 1.00-1.71 (m, 56H); 3.17-3.98 (m, 20H). 13c 

NMR (CDCI3): 8 14.01, 22.59, 25.58, 27.39, 29.21, 29.49, 29.69, 

31.81, 68.96, 69.44, 74.12, 74.43, 74.75, 75.19, 78.91,78.97, 

79.42,79.53,79.63. Anal. Calcd for C44H88O6: C, 74.10; H, 12.44. 

Found: C, 74.02; C, 12.44. 

sym-Decyloxydibenzo-16-crown-5 (51). Under nitrogen, sym-

hydroxydibenzo-16-crown-580a (2.00 g, 5.77 mmol) and 0.21 g of a 

60% dispersion of NaH in mineral oil (8.75 mmol) were added to 10 

mL of dry THF. After hydrogen evolution had ceased, a solution of 

1 -bromodecane (1.53 g, 6.93 mmol) dissolved in 3 mL of THF was 

added during a 10 min period. The reaction mixture was refluxed for 

4 h, cooled to room temperature, and quenched with 20 mL of H2O. 

The THF was removed in vacuo and the remaining aqueous mixture 

was extracted with CH2CI2 (3x30 mL). The combined CH2CI2 

extracts were dried over MgS04 and chromatographed on alumina 

using CCI4 then Et20 as eluents to give 1.51 g (54%) of a white solid. 

Mp 74-75OC. IR (deposit): 1113 (C-O) cm-1. 1 H NMR (CDCI3): 8 

0.88 (t, 3H); 1.10-1.55 (m, 14H); 1.70 (q, 2H); 3.60-4.43 (m, 15H); 

6.74-7.08 (m, 8H). Anal. Calcd for C29H42O6: C,71.58; H, 8.69. 

Found: C, 71.46; H,8.78. 

sym-Methoxydi[3(4)-tert-butylbenzo]-16-crown-5 (52). Under 

nitrogen at room temperature, sym-hydroxydi[3(4)-tert-butylbenzo]-
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16-crown-553e (i 71 ĝ  3 73 ^^^^^ ^^d 0.16 g of a 60% dispersion 

of NaH in mineral oil (6.72 mmol) were added to 27 mL of dry THF. 

When hydrogen evolution ceased, a solution of Mel (I.OIg, 7.09 

mmol) in 1.7 mL of THF was added during a 10 min period. The 

reaction mixture was stirred for 4 h and was quenched with ice. The 

THF was removed in vacuo . The residue was dissolved in 30 mL of 

CH2CI2, washed with 3N HCI (20 mL) and dried over MgS04. 

Chromatography on alumina with CCI4 then CH2Cl2-Et20 (1:1) as 

eluents gave 1.41 g (80%) of a low melting white solidified oil. IR 

(deposit): 1140 (C-O) cm-1. 1 H NMR (CDCI3): 8 1.27 (s, 18H); 3.63-

3.65 (m, 3H); 3.88-4.13 (m, 13H); 6.78-7.07 (m, 6H). Anal. Calcd for 

C28H40O6: C,7r.16; H, 8.53. Found: C, 70.92; H, 8.50. 

General Procedure for Synthesis of 
(Benzyloxy)methyl Crown Ethers 

Under nitrogen at room temperature, the polyethyleneglycol 

ditosylate (16.5 mmol) was diluted to 12.0 mL with anhydrous DMF-

THF (4:1) and taken up in a syringe. 3-(Benzyloxy)-propane-1,2-

dio|88 (3.68 g, 16.5 mmol) was diluted to 12.0 mL with DMF-THF 

(4:1) and taken up in a syringe. The two solutions were 

simultaneously added with two syringe pumps during a 35 h period 

to 0.87 g of a 60% dispersion of NaH in mineral oil (36.3 mmol) 

suspended in 20 mL of DMF-THF (4:1). After a total of three d, the 

reaction mixture was quenched with 20 mL of saturated NaCI 

solution and extracted with CHCI3 (3x40 mL). The combined CHCI3 

extracts were dried over MgS04 and the solvent was removed in 
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vacuo. Residual DMF was removed under vacuum at 40 OC/ 0.04 

mm. Column chromatography of the residue on alumina with Et20 

and EtOAc as eluents gave 53 and 54 as colorless oils. 

(Benzyloxy)methyl-18-crown-6 (53).89 A colorless oil was 

obtained in a 58% yield. IR (neat): 1120 cm-1. 1 H NMR (CDCI3): 8 

3.50-4.00 (m, 25H); 4.53 (s, 2H); 7.20-7.41 (m, 5H). 

(Benzyloxy)methyl-21-crown-7 ( 54).50a A colorless oil was 

obtained in a 25% yield. IR (neat): 1115 (C-O) cm-1. 1 H NMR 

(CDCI3): 8 3.48-3.92 (m, 29H); 4.54 (s, 2H); 7.21-7.41 (m, 5H). 

General Procedures for Vinylidene 
Dibenzo Crown Ether Synthesis 

Procedure A (regular addition). Under nitrogen, the bisphenol 

(2.48 mmol) was dissolved in 11 mL of dry MeCN and CS2CO3 (1.78 

g, 5.48 mmol) was added. The mixture was heated to 80^0 and a 

solution of methallyl dichloride (0.47 g, 3.76 mmol) dissolved in 5.4 

mL of MeCN was added during a 30 h period using a syringe pump. 

The reaction mixture was stirred for a total of 3 d and then cooled to 

room temperature. A solution of 3 N KOH (30 mL) was added and 

the mixture was extracted with CH2CI2 (3x30 mL). The combined 

CH2CI2 extracts were dried over MgS04 and chromatographed on 

alumina with CH2Cl2-Et20 (varying ratios) as eluent. 

Procedure B (simultaneous addition). The bisphenol (13.92 

mmol) was diluted to 30 mL with anhydrous MeCN and taken up in a 

syringe. Methallyl dichloride (2.61 g, 20.88 mmol) was diluted to 30 

mL with anhydrous MeCN and taken up in another syringe. The two 
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solutions were simultaneously added with two syringe pumps during 

a 20 h period to a stirred suspension of CS2CO3 (9.98 g, 30.71 

mmol) in MeCN (40 mL) at 8OOC. The reaction mixture was stirred 

for a total of 3 days and was then cooled to room temperature. A 3 

N solution of KOH (30 mL) was added and the mixture was 

extracted with CH2CI2 (3x30 mL). The combined CH2CI2 extracts 

were dried over MgS04 and the solvent was removed in vacuo. The 

residue was chromatographed on alumina using CH2Cl2-Et20 

(varying ratios) as eluents. 

N-Tosyl sym-Vinylidenemonoazadibenzo-16-crown-5 (55). 

A cream colored solid was recrystallized from MeOH-CH2Cl2 (1:1) to 

give a white crystalline solid with mp 149-150OC in a 69% yield by 

procedure A and a 3% yield by procedure B. IR (deposit): 1654 

(R2C=CH2); 1203 (SO2); 1124 (C-O) cm-1. 1 H NMR (CDCI3): 8 

2.42 (s, 3H); 3.77 (t, 4H); 4.19 (t, 4H); 4.63 (s, 4H); 5.41 (s, 2H); 6.71 -

7.02 (m, 8H); 7.29 (d, 2H); 7.73 (d, 2H). Anal. Calcd for 

C27H29NO6S-0.15CH2CI2: C, 64.15; H, 5.68. Found: C, 64.13; H, 

5.68. 

sym-Vinylidenedibenzo-16-crown-5 (56). A white solid with 

mp 94-95OC (Lit.29b 94-950C) was obtained in a 60% yield by 

procedure A and in a 72% yield by procedure B. IR (deposit): 1661 ; 

1120 (C-O) cm-1. 1H NMR (CDCI3): 8 3.83-4.04 (m, 4H); 4.11 -

4.31 (m, 4H); 5.44 (s, 2H); 6.75-7.10 (m, 8H). 

sym-Vlnylidenedibenzo-19-crown-6 (57). A translucent 

colorless oil was obtained in a 72% yield by procedure A and in a 

69% yield by procedure B. IR (neat): 1654 (R2C=CH2); 1124 (C-O) 
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cm-1. 1H NMR (CDCI3): 8 3.75 (s, 4H); 3.81-3.86 (m, 4H); 4.09-4.14 

(m, 4H); 4.7 (s, 4H); 5.38 (s, 2H); 6.73-7.08 (m, 8H). Anal. Calcd for 

C22H26O6: C. 68.30; H, 6.78. Found: C, 68.37; H, 6.66. 

sym-Vinylidenedi[3(4)-tert-butylbenzo]-16-crown-5 (58). A 

translucent colorless oil was obtained in a 74% yield by procedure A 

and in a 55% yield by procedure B. IR (neat): 1654 (R2C=CH2); 

1146 (C-O) cm-1. 1H NMR (CDCI3): 8 1.27 (s, 18H); 3.73-3.97 (m, 

4H); 3.97-4.33 (m, 4H); 4.75 (d, 4H); 5.42-5.45 (m, 2H); 6.68-7.12 (m, 

6H). Anal. Calcd for C28H38O5: C, 73.98; H, 8.42. Found: C,74.23; 

H,8.31. 

sym-Vinylidenedibenzo-13-crown-4 (59). A white solid with 

mp 104-1050c was obtained in a 26% yield by procedure A and in a 

43% yield by procedure B. IR (deposit): 1659 (R2C=CH2) cm-1. 1 H 

NMR (CDCI3): 8 4.32 (s, 4H); 4.71 (s, 4H); 5.29 (s, 2H); 6.81-7.16 (m, 

8H). Anal. Calcd for C18H18O4O.05 CDCI3: C, 71.24; H, 5.98. 

Found:C, 71.63; H, 6.08. 

sym-Divinylidenedibenzo-14-crown-4 (60). A white solid with 

mp 85-860C was obtained in a 49% yield by procedure B. IR 

(deposit): 1657 (R2C=CH2); 1123 (C-O) cm-1. 1 H NMR (CDCI3): 8 

4.71 (s, 8H); 5.41 (s, 4H); 6.77-7.08 (m, 8H). Anal. Calcd for 

C20H20O4-0.1 CDCl3:C, 71.76; H, 5.99. Found: C, 72.05; H, 5.99. 

sym-Vinylidenedibenzo-14-crown-4 (61). A white solid with 

mp 95-960C (Lit.^O 94-950C) was obtained in a 65% yield by 

procedure A and in a 55% yield by procedure B. IR (deposit): 1654 

(R2C=CH2) cm-1. 1 H NMR (CDCI3): 8 2.15-2.34 (m, 2H); 4.10-4.32 

(m, 4H); 4.61-4.78 (m, 4H); 5.40 (s, 2H); 6.64-7.05 (m, 8H). 
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3-(2-Hydroxyphenoxy)-2-[(2-Hydroxyphenoxy)methyl]-1-

propene (67). Under nitrogen, monotetrohydropyranyl-protected 

catechol71 (2.00 g, 10.35 mmol) and CS2CO3 (3.71 g, 11.39 mmol) 

were mixed in 10 mL of anhydrous MeCN and the mixture was 

heated to reflux. A solution of methallyldichloride (0.56 g, 4.50 

mmol) dissolved In 10 mL of MeCN was added dropwise during 30 

min. The reaction mixture was stirred for 24 h and was cooled to 

room temperature. A 3 N solution of KOH (20 mL) was added. The 

reaction mixture was extracted with CH2CI2 (3x30 mL). The 

combined CH2CI2 extracts were dried over MgS04 and 

chromatographed on alumina with CH2CI2 as eluent. The resulting 

colorless oil was dissolved in MeOH (20 mL) and 2 drops of 

concentrated HCL were added. The solution was stirred at room 

temperature for 4 h then NaHC03 (1.00 g, 11.90 mmol) was added. 

The MeOH was removed in vacuo. The residue was dissolved in 

CH2CI2 (40 mL), washed with H2O (15 mL), and 5% NaHC03 (4x20 

mL). The CH2CI2 solution was dried over MgS04 and 

chromatographed on silica with CCI4, CH2CI2-CCI4 (1:10) then 

CH2CI2 as eluents to give 1.29 g (46%) of a colorless oil. IR (neat): 

3600-3100 (0-H); 1654 (R2C=CH2) cm-1. 1 H NMR (CDCI3): 8 4.61 

(s, 4H); 5.38 (s, 2H); 5.68-5.97 (br s, 2H, OH); 6.63-6.98 (m, 8H). 

Anal. Calcd for C16HI6O4: C, 70.58; H, 5.92. Found: C, 70.42; H, 

6.02. 

Bis-1,3-(2-hydroxyphenoxy)propane (68). Under nitrogen, 

monotetrahydropyranyl-protected catechol (5.50, 28.50 mmol) and 

CS2CO3 (12.00 g, 36.83 mmol) were combined in 50 mL of MeCN. 
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The mixture was heated to reflux and a solution of 1,3-propanediol 

dimesylate (2.88 g, 12.40 mmol) dissolved in 20 mL of MeCN was 

added dropwise during a 20 min period. The reaction mixture was 

stirred for 48 h and then cooled to room temperature. A 3 N 

solution of KOH (30 mL) was added. The solution was extracted 

with CH2CI2 (2x20 mL). The combined CH2CI2 extracts were 

washed with 3 N KOH (30 mL). The solvent was removed in vacuo 

and the residue was dissolved in 100 mL of MeOH. Concentrated 

HCI (5 drops) was added and the reaction mixture was stirred for 15 

h at room temperature. Saturated NaHC03 (50 mL) was added. 

The reaction mixture was extracted with CH2CI2 (3x30 mL). The 

combined CH2CI2 extracts were dried over MgS04. The CH2CI2 

was removed in vacuo and the residue was recrystallized from 

hexane-acetone to give 1.78 g (52%) of a cream colored solid with 

mp 130-131 OC. (Lit.56a 121-12200) IR (deposit): 3600-3100 (O-H) 

cm-1. 1H NMR (CDCI3) 8 2.32 (p, 2H); 4.25 (t, 4H); 5.51 -5.85 (br s, 

2H, OH); 6.10-7.05 (m,8H). 

Procedures for Preparation of Proton-ionizable 
Crown Ethers 

sym-Dibenzo-16-crown-5-oxyacetlc Acid (69). Under 

nitrogen, sym-hydroxydibenzo-16-crown-5 (1.0 g, 2.89 mmol) was 

dissolved in 20 mL of dry THF and 0.46 g of a 35% dispersion of KH 

in mineral oil (11.55 mmol) was added. After hydrogen evolution 

ceased, a solution of bromoacetic acid (0.60 g, 4.33 mmol) 

dissolved in 1.5 mL of THF was added during a 10 min period. The 

reaction mixture was stirred at room temperature for 72 h then 
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refluxed 24 h. After cooling to room temperature, 6N HCI was added 

until the pH was 1. The resulting mixture was extracted with CH2CI2 

(3x20 mL) and the CH2CI2 extracts were combined. The CH2CI2 

was removed in vacuo and the residue was dissolved in MeCN (50 

mL) and washed with pentane (3x30 mL). The MeCN was removed 

in vacuo and the residue was recrystallized from 95% EtOH to give 

0.90 g (77%) of white needle crystals with mp 174-1780C. (Lit.27b 

I66-I66.5OC) IR (deposit): 3700-2750 (COOH); 1737 (C=0); 1124 

(C-O) cm-1. 1HNMR(CDCI3): 8 3.85-3.96 (m, 4H); 4.12-4.22 (m, 

4H); 4.29 (s, 5H); 4.47 (s, 2H); 6.83-7.11 (m, 8H). 

1-Cyano-2-(sym-dibenzo-16-crown-5-oxy)ethane (72). 

Under nitrogen at room temperature with the exclusion of light, 

sym-hydroxydibenzo-16-crown-5 (3.00 g, 8.57 mmol) was dissolved 

in 30 mL of acrylonitrile. Potassium tert-butoxide (0.26 g, 2.34 

mmol) was added and the reaction solution was stirred for 4 h. 

Hydrochloric acid (3 N, 60 mL) was added. The mixture was filtered 

and the filtrate was extracted with CH2CI2 (3x30 mL). The 

combined CH2CI2 extracts were dried over MgS04 and 

chromatographed on silica gel with Et20 as the eluent. The clear oil 

was triturated with 2 drops of MeOH to give 2.15 g (63%) of a white 

solid with mp 116-1170c. IR (deposit): 2251 (-CN); 1132 (C-O) cm-1. 

1H NMR (CDCI3): 8 2.71 (t, 2H); 3.71 -4.45 (m, 15H); 6.84-7.26 (m, 

8H). Anal. Calcd for C22H25N06:C, 66.14; H, 6.31. Found: C, 

65.90; H, 6.41. 

Methyl 3-(sym-Dibenzo-16-crown-5-oxy)propanoate (73). 

Under nitrogen, in a flask equipped with a fritted glass bubbler and a 
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Soxhiet extractor in which the thimble was filled with Na2S04, cyano 

crown 72 (1.53 g, 3.83 mmol) was dissolved in 250 mL of dry MeOH 

and the solution was brought to reflux. Anhydrous HCI was bubbled 

into the reaction solution for 72 h then the temperature was allowed 

to come to room temperature and 30 mL of H2O was added. The 

reaction solution was stirred for 1 h, extracted with CH2CI2 (3x50 

mL), washed with 50 mL of H2O and dried over MgS04. Column 

chromatography on silica gel using CH2CI2 then CH2Cl2-Et20 (1:1) 

as eluents gave 1.56 g (94%) of an orange oil. IR (neat): 1739 

(C=0); 1130 (C-O) cm-1. lH NMR (CDCI3): 8 2.69 (t, 2H); 3.65-4.41 

(m, 18H); 6.75-7.10 (m,8H). 

3-(sym-Dibenzo-16-crown-5-oxy)propanoic Acid (74).27c 

Crown ester 73 (0.592 g, 1.37 mmol) was dissolved in 70 mL of 95% 

EtOH at room temperature and a solution of KOH (0.15 g, 2.74 

mmol) dissolved in 5 mL of H2O was added. The reaction solution 

was stirred for 15 min at rooom temperature and was brought to pH 

6 with concentrated HCI. The EtOH was removed in vacuo. The 

residue was dissolved in CH2CI2 (30 mL) and dried over MgS04. 

The solvent was evaporated and the residue was recrystallized from 

benzene to give 0.37 g (65%) of a white solid with mp 122-1240C. IR 

(KBr): 3800-2400 (COOH); 1726 (C=0); 1134 (C-O) cm-1. 1 H NMR 

(CDCI3): 8 2.72 (t, 2H); 3.89-4.32 (m, 15H); 6.81-7.00 (m, 8H). 

1-Cyano-2-{sym-di[3(4)-tert-butylbenzo]-16-crown-5-oxy}-

ethane (75). Under nitrogen at room temperature, sym-

hydroxydi[3(4)-tert-butylbenzo]-16-crown-5 (70) (0.49 g, 1.09 mmol) 

and potassium tert-butoxide (0.01 g, 0.09 mmol) were dissolved in 
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49 mL of dry THF. A solution of acrylonitrile (0.29 g, 5.44 mmol) 

dissolved in 20 mL of THF was added over a 20 min period. The 

reaction mixture was stirred for 12 h at room temperature and the 

solvent was removed in vacuo. The brown residue was dissolved in 

30 mL of CH2CI2, washed with 20 ml of 6N HCI, dried over MgS04 

and chromatographed on alumina with Et20-EtOAc (5:1) as eluent 

to give 0.27 g (48%) of a clear oil. IR (neat) 2251 (-CN) cm-1. 1 H 

NMR (CDCI3): 8 1.14 (s, 18H); 2.51-2.69 (m, 2H); 3.54-4.45 (m, 15H); 

6.51 -7.02 (m, 6H). Anal. Calcd for C30H41N06: C,70.42; H, 8.08. 

Found: C, 70.58; H, 8.28. 

Methyl 3-{sym-Di[3(4)-tert-butylbenzo]-16-crown-5-oxy}-

propanoate (76). Under nitrogen in a flask equipped with a fritted 

glass bubbler and a Soxhiet extracter in which the thimble was filled 

with Na2S04, cyano crown 75 (0.44 g, 0.86 mmol) was dissolved in 

100 mL of dry MeOH and the solution was brought to reflux. 

Anhydrous HCI was bubbled through the reaction solution for 12 h. 

The reaction solution was allowed to come to room temperature and 

50 mL of H2O was added. The reaction mixture was stirred for 5 

min and extracted with CH2CI2 (3x50 mL). The combined CH2CI2 

extracts were washed with 50 mL of H2O, dried over MgS04, and 

chromatographed on alumina using Et20 as eluent to give 0.35 g 

(74%) of a brown oil. IR (neat) 1739 (C=0) cm-1. 1 H NMR 

(CDCI3): 8 1.28 (s, 18H); 2.70-2.79 (m, 2H); 3.69 (s, 3H); 3.80-4.48 

(m, 15H); 6.78-7.18 (m,6H). Anal. Calcd for C31H44O8: C, 68.36; H, 

8.14. Found:C, 68.57; H, 8.18. 
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3-{sym-Di[3(4)-tert-butylbenzo]-16-crown-5-oxy}propanoic 

Acid (77). At room temperature, crown ester 76 (1.48 g, 2.59 

mmol) was dissolved in 90 mL of 95% EtOH and a solution of KOH 

(1.16 g, 20.7 mmol) dissolved in 5 mL of H2O was added. The 

reaction mixture was stirred at room temperature for 15 min. Water 

(20 mL) was added and the mixture was extracted with CH2CI2 

(2x50 mL). The combined CH2CI2 extracts were washed with 6N 

HCI (40 mL) and dried over MgS04. The solvent was removed in 

vacuo to give 1.24 g (90%) of a low melting, white solidified oil. IR 

(deposit): 3700-2500 (COOH); 1728 (C=0) cm-1. 1 H NMR (CDCI3): 

8 1.27 (s, 18H); 2.71-2.82 (m, 2H); 3.80-4.51 (m, 15H); 6.67-7.12 (m, 

6H). Anal. Calcd for C30H42O8O.5 CH2CI2: C, 63.92; H,7.56. 

Found: C,64.01;H, 7.73. 

4-(sym-Dibenzo-16-crown-5-oxy)butanonitrile (82). Under 

nitrogen, crown mesylate 81^2 (2.00 g,4.14 mmol) and NaCN 

(0.61 g, 12.43 mmol) were added to 31 mL of dry DMSO and the 

solution was heated to 6OOC. The reaction solution was stirred and 

heated for 36 h and was then cooled to room temperature. Water 

(20 mL) was added and the reaction mixture was extracted with 

CH2CI2 (3x30 mL). The combined CH2CI2 extracts were washed 

with 5% HCI (20 mL), dried over MgS04 and chromatographed on 

alumina with Et20 then Et20-EtOAc (5:1) as eluents to give 1.27 g 

(74%) of a colorless oil. IR (neat): 2247 (-CN); 1124 (C-O) cm-1. 1 H 

NMR (CDCI3): 8 1.99 (p, 2H); 2.55 (t, 2H); 3.70-4.45 (m, 15H); 6.72-

7.05 (m, 8H). Anal. Calcd for C23H27O6N: C, 66.81; H, 6.58. 

Found: C, 66.84; H, 6.68. 
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Methyl 4-(sym-Dibenzo-16-crown-5-oxy)butanoate (83). 

Under nitrogen in a flask equipped with a fritted glass bubbler and a 

Soxhiet extractor in which the thimble was filled with Na2S04, crown 

nitrile 82 (0.14 g, 0.34 mmol) was dissolved in 50 mL of dry MeOH 

and brought to reflux. Anhydrous HCI was bubbled into the reaction 

for 50 h. The reaction mixture was cooled to room temperature, 

and H2O (20 mL) was added. The mixture was stirred for 1 h and 

was extracted with CH2CI2 (2x30 mL). The combined CH2CI2 

extracts were dried over MgS04 and chromatographed on silica gel 

using CH2CI2 then Et20 as eluents to give 0.12 g (79%) of a tan oil. 

IR (neat): 1734 (C=0); 1123 (C-O) cm-1. 1 H NMR (CDCI3): 8 1.98 

(p, 2H); 2.51 (t, 2H); 3.65 (s, 3H); 3.65-4.31 (m, 15H); 6.80-7.00 (m, 

8H). Anal. Calcd for C24H30O8: C, 64.56; H,6.77. Found: C, 64.72; 

H, 6.61. 

4-(sym-Dibenzo-16-crown-5-oxy)butanoic Acid (84). Under 

nitrogen at room temperature, crown ester 83 (0.38 g, 0.86 mmol) 

was dissolved in 70 mL of 95% EtOH. A 3 N solution of KOH (2.90 

mL) was added and the reaction mixture was stirred for 4 h at room 

temperature. The solvent was removed in vacuo and the residue 

was dissolved in CH2CI2 (40 mL), washed with 6 N HCI (40 mL) and 

dried over MgS04. The solvent was removed in vacuo to give 0.36 

g (97%) of a low melting, colorless solidified oil. IR (neat): 3600-

2400 (COOH); 1709 (C=0); 1124 (C-O) cm-1. 1 H NMR (CDCI3): 8 

1.97 (p, 2H); 2.54 (t, 2H); 3.64-4.50 (m, 15H); 6.80-7.00 (m, 8H); 8.5-

9.8 (br s, 1H, COOH). Anal. Calcd for C23H28O8: C, 63.88; H, 6.53. 

Found: C, 63.59; H, 6.95. 
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sym-Dibenzo-13-crown-4-oxyacetic Acid (86). Under 

nitrogen at room temperature, sym hydroxy dibenzo-13-crown-4 

(85)60b (0.46 g, 1.51 mmol) was dissolved in 38 mL of dry THF and 

added dropwise to 0.13 g of a 60% dispersion of NaH in mineral oil 

(5.60 mmol) suspended in 1.5 mL of THF. After hydrogen evolution 

ceased, a solution of bromoacetic acid (0.42 g, 3.01 mmol) dissolved 

in 5.3 mL of THF was added during a 20 min period. The reaction 

mixture was stirred for 36 h and was quenched with ice. The THF 

was removed in vacuo and the residue was dissolved in 30 mL of 

CH2CI2. A 6 N HCI solution was added until the pH was 1. The 

mixture was extracted with CH2CI2 (3x20 mL). The combined 

CH2CI2 extracts were washed with 1N HCI (2x20 mL), dried over 

MgS04 and the solvent was removed in vacuo. The tan residue 

was stirred for 4 h with pentane (2x50 mL). The pentane was 

decanted to give 0.45 g (83%) of a white solid with mp 127-1280C 

(Lit.27d 129OC). IR (deposit): 3400-2600 (COOH); 1700 (C=0) cm-1. 

1H NMR (CDCI3): 8 3.63-4.67 (m, 11H); 6.96 (s, 8H); 9.63 (br s, 1H). 

sym-Hydroxydibenzo-19-crown-6 (87). Under nitrogen, 1,8-

bis(2-hydroxyphenoxy)-3,6-dioxaoctane (65) (3.0 g, 8.97 mmol)55a 

was dissolved in 50 mL of dry MeCN and CS2CO3 (7.31 g, 22.43 

mmol) was added. The mixture was heated to reflux and a solution 

of epichlorohydrin (2.08 g, 22.43 mmol) dissolved in 20 mL of MeCN 

was added during a 12 h period using a syringe pump. The 

reaction mixture was cooled to room temperature and filtered. The 

solvent was removed in vacuo and the residue was 

chromatographed on alumina with EtOAc then EtOAc-MeOH (8:1) 
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as eluents to give 1.71 g (49%) of a white solid with mp 67-680C. 

(Lit.27e 73-740C) IR (deposit): 3516 (0-H); 1125 (C-O) cm-1. 1 H 

NMR (CDCI3): 8 3.68-4.36 (m, 17H); 4.36-4.50 (br s, 1H, OH); 6.73-

7.07 (m, 8H). 

Ethyl (sym-Dibenzo-19-crown-6-oxy)acetate (88). Under 

nitrogen at room temperature, crown alcohol 87 (2.00g, 5.12 mmol) 

was dissolved in 50 mL of dry THF and 0.14 g of a 60% dispersion of 

NaH in mineral oil (5.83 mmol) was added. After hydrogen evolution 

ceased, ethyl bromoacetate (0.94 g, 5.64 mmol) was added during a 

10 min period. The reaction mixture stirred 14 h at room 

temperature and was filtered. The solvent was removed in vacuo 

and the residue was chromatographed on silica gel using pentane 

then Et20 as eluents to give 1.96 g (80%) of a clear oil. IR (neat): 

1751 (C=0); 1126 (C-O) cm-1. 1 H NMR (CDCI3): 8 1.25 (t, 3H); 

3.65-4.51 (m, 19 H); 4.49 (s, 2H); 6.77-7.09 (m, 8H). 

sym-Dibenzo-19-crown-6-oxyacetic Acid (89). Under 

nitrogen at room temperature, crown ester 88 (1.96 g, 4.10 mmol) 

was dissolved in 100 mL of 95% EtOH and a solution of KOH (4.62 g, 

83.3 mmol) dissolved in 5 mL H2O was added. The reaction 

solution was stirred for 12 h and the solvent was removed in vacuo. 

The clear residue was dissolved in 50 mL of CH2CI2, washed with 

6N HCI (3x30 mL) and dried over MgS04. The solvent was removed 

in vacuo to give 1.83 g (99%) of a white solid with mp 68-690C 

(Lit.27f 95-960C). IR (deposit): 3600-2400 (COOH); 1760 (C=0); 

1124 (C-O) cm-1. 1H NMR (CDCI3): 8 3.67-4.43 (m, 17H);4.52 (s, 

2H); 6.77-7.09 (m, 8H); 7.50-9.70 (br s, 1H, COOH). 
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sym-(Hydroxymethyl)dibenzo-16-crown-5 (90a). Under 

nitrogen at OOC, vinylidene crown 56 (1.55 g, 4.54 mmol) was 

dissolved in 45 mL of dry THF. A 1.0 M solution of BH3THF (11.07 

mL) was added dropwise over 10 min. The solution was warmed to 

room temperature and the reaction mixture stirred for 48 h at room 

temperature. The mixture was cooled to OOC .and 30%H2O2 (8 mL) 

was added. A solution of 2 N NaOH (3 mL) was added and the 

solution was warmed to room temperature. The solution was stirred 

for 24 h and 51 mL of 2N NaOH was added. The reaction mixture 

was refluxed for 48 h, cooled, and extracted with CH2CI2 (3x30 mL). 

The combined CH2CI2 extracts were dried over MgS04 and 

chromatographed on alumina using EtOAc then EtOAc-MeOH (15:1) 

as eluents. The colorless residue was recrystallized from heptane-

benzene to give 0.99 g (60%) of a white solid with mp 11OOC (Lit.29c 

110-1 HOC). IR (deposit): 3600-3200 (0-H); 1123 (C-O) cm-1. 1 H 

NMR (CDCI3) 8 2.48 (m,1 H); 2.77 (br s, OH, 1H); 3.71 -4.45 (m, 14H); 

6.65-6.95 (m, 8H). 

Ethyl a-[sym-(oxymethyl)dibenzo-16-crown-5]acetate (91a). 

Under nitrogen at room temperature, a solution of crown alcohol 90a 

(0.94 g, 2.61 mmol) dissolved in 24 mL of dry THF was added to 

0.06 g of a 60% dispersion of NaH in mineral oil (2.61 mmol) 

suspended in 1 mL of dry THF. After hydrogen evolution ceased, a 

solution of ethyl bromoacetate (0.44 g, 2.61 mmol) dissolved in 3 mL 

of THF was added dropwise over 10 min. The reaction mixture was 

stirred for 3 h then refluxed for 5 min. The mixture was cooled to 

room temperature and 0.06 g of a 60% dispersion of NaH in mineral 
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oil (2.61 mmol) and a solution of ethyl bromoacetate (0.44 g, 2.61 

mmol) dissolved In 3 mL of THF were added. The reaction mixture 

was stirred for 15 h and refluxed for 10 min. The mixture was cooled 

to room temperature and 0.06 g of a 60% dispersion of NaH in 

mineral oil (2.61 mmol) and a solution of ethyl bromoacetate (0.44 g, 

2.61 mmol) dissolved in 3 mL of THF were added. The reaction 

mixture was refluxed for 2.5 h and then stirred for 15 h at room 

temperature. Water (10 mL) was added and the solution was 

extracted with CH2CI2 (3x30 mL). The CH2CI2 extracts were 

combined, dried over MgS04 and chromatographed on alumina 

with CCI4 then Et20-EtOAc (20:1) as eluents to give 0.77 g (66%) of 

a white solid with mp 96-9700. IR (deposit): 1750 (C=0); 1122, 

1139 (C-O) cm-1. 1H NMR (CDCI3): 8 1.29 (t, 3H); 2.61 -2.83 (m, 

1H); 3.82-4.43 (m, 18H); 6.81-7.03 (m, 8H). Anal. Calcd for 

C24H30O8: C, 64.56; H, 6.77. Found: C, 64.80; H, 6.64. 

a-[sym-(Oxymethyl)dibenzo-16-crown-5]acetic Acid (92a) 

Under nitrogen at room temperature, crown ester 91a (0.76 g, 1.70 

mmol) was dissolved in 125 mL of 95% EtOH and a solution of KOH 

(1.38 g, 24.59 mmol) dissolved in 10 mL of H2O was added. The 

reaction solution was stirred for 9 h at room temperature and was 

acidified to pH 2 with concentrated HCI. The EtOH was removed in 

vacuo. The residue was dissolved in CH2CI2 (30 mL), washed with 

20 mL H2O (20 mL) and dried over MgS04. The solvent was 

removed in vacuo to give 0.67 g (94%) of white solid with mp 106-

1070c. IR (deposit): 3700-2600 (COOH); 1738 (C=0); 1129 (C-O) 

cm-1. 1H NMR (CDCI3): 8 2.43-2.75 (m, 1H); 3.70-4.41 (m, 16H); 
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6.68-7.05 (m, 8H); 7.40-8.50 (br s, 1H, COOH). 13c NMR (CDCI3): 8 

40.10, 67.54, 68.27, 69.54, 70.18, 70.86, 113.21, 118.33, 121.21, 

122.89, 148.32. Anal. Calcd for C22H26O8: C, 63.15; H, 6.26. 

Found:C, 63.28; H, 6.41. 

sym-(Hydroxymethy)di[3(4)-tert-butylbenzo]-16-crown-5 

(90b) Under nitrogen at OOC, crown alkene 58 (0.83 g, 1.82 mmol) 

was dissolved in 15 mL of dry THF and NaBH4 (0.07 g, 1.85 mmol) 

was added. Then Et20-BF3 (0.26 g, 18.21 mmol) was added with a 

syringe and the reaction mixture was stirred for 2 h. The mixture 

was allowed to warm to room temperature and was stirred for 14 h. 

The mixture was cooled to OOC and ice was added until hydrogen 

evolution ceased. A solution of 2 N NaOH (0.91 mL) and then 

30%H2O2 (3.59 mL) were added consecutively and the mixture was 

warmed to room temperature. The reaction mixture stirred for 2 d 

and the THF was removed in vacuo. The resulting aqueous residue 

was extracted with CH2CI2 (3x30 mL). The combined CH2CI2 

extracts were washed with 5%HCI (20 mL), dried over MgS04 and 

chromatographed on alumina with Et20 then EtOAc as eluents to 

give 0.40 g (45%) of a low melting colorless solidified oil. An attempt 

to recrystallize the oil from MeOH was unsuccessful. IR (deposit): 

3518 (0-H); 1146 (C-O) cm-1. 1 H NMR (CDCI3): 8 1.27 (s, 18H); 

2.41 -2.69 (m, 1H); 2.70-2.90 (br s, 1H, OH); 2.93 (s, 3H, MeOH); 

3.62-4.44 (m, 14H); 6.68-7.08 (m, 6H). Anal. Calcd for 

C28H40O6-1.0 MeOH: C, 69.02; H, 8.79. Found: C, 69.06; H, 8.77. 

Ethyl a-{sym-(oxymethyl)di[3(4)-tert-butylbenzo]-16-crown-

5}acetate (91 b). Under nitrogen, crown alcohol 90b (1.29 g, 2.73 
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mmol) was dissolved in 25 mL of dry THF and 0.07 g of a 60% 

dispersion of NaH in mineral oil (3.00 mmol) was added. After 

hydrogen evolution ceased, a solution of ethyl bromoacetate (0.46 g, 

2.73 mmol) dissolved in 2 mL of THF was added dropwise during a 

10 min period. The reaction mixture was stirred for 3 h then refluxed 

for 10 min. The mixture was cooled to room temperature and 0.07 g 

of a 60% dispersion of NaH in mineral oil (3.00 mmol) was added. A 

solution of ethyl bromoacetate (0.46 g, 2.73 mmol) dissolved in 2 mL 

of THF was added dropwise over a 10 min period. The reaction 

mixture was stirred for 24 h at room temperature then refluxed for 10 

min. The THF was removed in vacuo and the residue was dissolved 

in 30 mL of CH2CI2. The CH2CI2 solution was washed with 20 mL 

H2O, dried over MgS04 and chromatographed on alumina with 

CCI4 then CH2Cl2-Et20 (9:1) as eluents to give 0.61 g (40%) of a 

low melting colorless solidified oil. IR (neat): 1752, 1734 (C=0), 

1145 (C-O) cm-1. 1H NMR (CDCI3): 8 1.08-1.51 (m, 21H); 2.54-2.89 

(m, 1H); 3.67-4.57 (m, 18H); 6.77-7.08 (m, 6H). Anal. Calcd for 

C32H46O8O.25 CH2CI2: C, 66.79; H,8.08. Found: C, 66.85; H, 8.17. 

a-{sym-(Oxymethyl)-di[3(4)-tert-butylbenzo]-16-crown-5} 

acetic Acid (92b). Under nitrogen at room temperature, crown 

ester 91 b (0.56 g, 1.00 mmol) was dissolved in 30 mL of 95%EtOH 

and 3 N KOH (3.33 mL) was added. The solution was stirred for 10 

h and the EtOH was removed in vacuo. The residue was dissolved 

in CH2CI2 (30 mL) and washed with 40 mL of 6 N HCI. The CH2CI2 

solution was dried over MgS04 and the solvent was removed in 

vacuo to give 0.50 g (94%) of a low melting, colorless, solidified oil. 



121 
IR (neat): 3700-2400 (COOH); 1740 (C=0); 1148 (C-O) cm-1. 1 H 

NMR (CDCI3): 8 1.27 (s, 18H); 2.51-2.81 (m, 1H); 3.69-4.44 (m, 16H); 

6.68-7.07 (m, 6H). Anal. Calcd for C30H42O8O.8 CH2CI2: C, 61.80; 

H, 7.34. Found: C, 61.74; H, 7.43. 

sym-(Hydroxymethyl)dibenzo-13-crown-4 (90c) Under 

nitrogen at OOC, vinylidenecrown 59 (1.04 g, 3.49 mmol) was 

dissolved in 38 mL of dry THF and NaBH4 (0.13 g, 3.49 mmol) was 

added. Then Et20-BF3 (0.50 g, 3.49 mmol) was added dropwise 

with a syringe. The reaction mixture was stirred for 1 h at OOC, 

warmed to room temperature for 1 h, then cooled to OOC. The 

reaction mixture was quenched with ice. A 2 N solution of KOH 

(2.85 mL) and 30% H2O2 (3.43 mL) were added consecutively. The 

reaction mixture was allowed to come to room temperature and 

stirred for two d. The THF was removed in vacuo and the aqueous 

residue was extracted with CH2CI2 (4x30 mL). The combined 

CH2CI2 extracts were dried over MgS04 and chromatographed on 

alumina with CH2CI2 then Et20 as eluents to give 0.38 g (35%) of a 

translucent oil. IR (neat): 3417 (0-H) cm-1. 1 H NMR (CDCI3): 8 

2.27-2.51 (m, 1H); 2.52-2.80 (br s, 1H, OH); 3.83 (d, 2H); 4.08-4.47 

(m, 8H); 6.68-7.12 (m, 8H). Anal. Calcd for Ci8H20O5-0.15 H2O: C, 

67.76; H, 6.41. Found: C, 67.75; H, 6.51. 

sym-(Hydroxymethyl)dibenzo-14-crown-4 (90d). Under 

nitrogen at OOC, vinylidene crown 61 (2.01 g, 6.43 mmol) was 

dissolved in 150 mL THF and NaBH4 (0.37 g, 9.65 mmol) was 

added. Then Et20-BF3 (1.36 g, 9.65 mmol) was added dropwise 

and the reaction mixture was stirred for 90 min. Ice was added until 
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hydrogen evolution ceased. A 2 N solution of NaOH (3.97 mL) and 

30% H2O2 (4.84 mL) were added. The reaction mixture was 

brought to room temperature and stirred for 24 h. The THF was 

removed in vacuo and the aqueous residue was extracted with 

CH2CI2 (3x20 mL). The combined CH2CI2 extracts were dried over 

MgS04 and the solvent was removed in vacuo. The residue was 

recrystallized from benzene to give 0.58 g (27%) of a white solid with 

mp 157-1580C. (Lit.̂ Oa 158-16OOC) IR (deposit): 3438 (0-H) cm-1. 

iHNMR (CDCI3): 8 2.10-2.61 (m and OH, 4 H); 3.98 (d, 2H);4.10-

4.44 (m, 8H); 6.75-7.05 (m, 8H). 

Ethyl a-[sym-(Oxymethyl)dibenzo-14-crown-4]acetate (91 d). 

Under nitrogen at room temperature, crown alcohol 90d (1.00 g, 

3.03 mmol) was dissolved in 10 mL of dry THF and 0.08 g of a 60% 

dispersion of NaH in mineral oil (3.33 mmol) was added. After 

hydrogen evolution ceased, ethyl bromoacetate (0.76 g, 4.55 mmol) 

was added dropwise during a 5 min period. The reaction mixture 

was stirred for 3 h, refluxed for 10 min, and cooled to room 

temperature. Water (5 mL) was added and the reaction mixture was 

extracted with CH2CI2 (3x15 mL). The combined CH2CI2 extracts 

were dried over MgS04 and chromatographed on alumina with 

CCI4, CH2CI2, then Et20 as eluents to give 0.41 g (33%) of a white 

solid with mp 85-860C. IR (deposit): 1750 (0=0) cm-1. 1 H NMR 

(CDCI3): 8 1.29 (t, 2H); 2.51 -2.68 (m, 1H); 3.80 (d, 2H); 3.95-4.45 (m, 

12H); 6.65-7.05 (m, 8H). Anal. Calcd for C38H28O7: C, 66.33; H, 

6.78. Found: C, 66.27; H, 6.82. 
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a-[sym-(Oxymethyl)dibenzo-14-crown-4]acetic Acid (92d). 

Under nitrogen at room temperature, crown ester 91 d (0.38 g, 0.91 

mmol) was dissolved in 30 mL of 95% EtOH and a solution of KOH 

(0.26 g, 4.56 mmol) dissolved in 2.0 mL of H2O was added. The 

reaction mixture was stirred for 20 h. The solvent was removed in 

vacuo. The residue was dissolved in 25 mL of CH2CI2, washed with 

6 N HCI (40 mL) and dried over MgS04. The CH2CI2 was removed 

in vacuo to give 0.30 g (85%) of a white solid with mp 159-16OOC. IR 

(deposit): 3600-2700 (COOH); 1733 (0=0) cm-1. 1 H NMR (CDCI3): 

8 2.30 (p, 2H); 2.55-2.69 (m, 1H); 3.90 (d, 2H); 4.05-4.41 (m, 10H); 

6.85-7.00 (m, 8H). Anal. Calcd for C21 H24O7-0.2 CDCI3: C, 61.73; 

H, 5.86. Found: C, 61.67; H, 6.18. 

sym-(Hydroxymethyl)dibenzo-19-crown-6 (90e). Under 

nitrogen at OOC, vinylidene crown 57 (2.82 g, 7.31 mmol) was 

dissolved in 11 mL of dry THF and Me2S-BH3(2.78 g, 36.53 mmol) 

was added with a syringe. The reaction mixture was stirred for 2 h 

at OOC and for 2 h at room temperature. The temperature was 

lowered to OOC and 4 mL of H2O was added. When hydrogen 

evolution had ceased, 3 N NaOH (26 mL) and 30% H2O2 (1.83 mL) 

were added and the reaction solution was stirred for 24 h at room 

temperature. The reaction mixture was extracted with CH2CI2 

(3x20 mL). The combined CH2CI2 extracts were dried over MgS04 

and chromatographed on silica gel with Et20 then EtOAc-Et20 (1:5) 

as eluents to give 2.14 g (72%) of a cloudy colorless oil. IR (neat): 

3750-3200 (O-H); 1124 (C-O) cm-1. 1 H NMR (CDCI3); 8 2.42-2.69 

(m, 1H); 3.00-3.44 (brs, 1H, OH); 3.57-4.41 (m, 18H); 6.73-7.09 (m. 
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8H). Anal. Calcd for C22H2807- 0.06 CDCI3: C, 64.36; H, 6.90. 

Found: C, 64.34; H, 6.90. 

Ethyl [sym-(Oxymethyl)dibenzo-19-crown-6]acetate (91 e) 

Under nitrogen, a solution of crown alcohol 90e (1.11 g, 2.74 mmol) 

dissolved in 10 mL of dry THF was added to a suspension of 0.07 g 

of 60% NaH in mineral oil (2.74 mmol) in 10 mL of THF. A solution 

of ethyl bromoacetate (0.46 g, 2.74 mmol) dissolved in 3 mL of THF 

was added dropwise during 10 min. The reaction mixture was 

stirred for 3 hat room temperature then refluxed for 10 min. 

Another addition of 60% NaH ( 0. 07 g, 2.74 mmol) and a solution of 

ethyl bromoacetate (0.46 g, 2.74 mmol) dissolved in 3 mL THF was 

performed and the reaction mixture was stirred at room temperature 

for 2 more d. The THF was removed in vacuo and the residue was 

chromatographed on silica gel with CH2Cl2,CH2Cl2-Et20 (10:1), 

CH2Cl2-Et20 (1:1) then Et20 as eluents to give 0.47 g (35%) of a 

pale colorless oil. IR (neat): 1751 (0=0); 1124 (C-O) cm-1. 1 H 

NMR (CDCI3): 8 1.26 (t, 3H); 2.60-2.75 (m, 1H); 3.71 - 4.47 (m, 22H); 

6.78-7.09 (m, 8H). Anal. Calcd for C26H34O9: C, 63.66; H, 6.99. 

Found: C, 63.68; H, 7.10. 

a-[(sym-Oxymethyl)dibenzo-19-crown-6]acetic Acid (92e). 

Under nitrogen at room temperature, crown ester 91e (0.47 g, 0.96 

mmol) was dissolved in 30 mL of 95%EtOH. A solution of KOH (0.54 

g, 9.58 mmol) dissolved in 2 mL of H2O was added and the reaction 

mixture was stirred at room temperature for 8 h. The EtOH was 

removed in vacuo and the residue was dissolved in CH2CI2 (30 mL). 

The resultant solution was washed with 30 mL of 6N HCI and dried 
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over MgS04. The CH2CI2 was removed in vacuo to give 0.41 g 

(93%) of a colorless oil. IR (neat): 3700-2700 (COOH); 1738 (C=0); 

1124 (C-O) cm-1. 1H NMR (CDCI3): 8 2.58-2.83 (m, 1H); 3.58-4.42 

(m, 20H); 6.73-7.09 (m, 8H); 8.51 -8.90 (br s, 1H, COOH). Anal. Calc 

for C34H30O9- 0.6 CDCI3: C, 61.52; H.6.44. Found: C, 61.52; H, 

6.53. 

sym-(Tosyloxy)dibenzo-16-crown-5 (93). Under nitrogen at 

room temperature, sym-hydroxydibenzo-16-crown-5 (5.0 g,14.4 

mmol) and dry pyridine (2.96 g, 37.44 mmol) were dissolved in 15 

mL of CH2CI2. A solution of tosyl chloride (7.14 g, 37.44 mmol) 

dissolved in 7.5 mL of CH2CI2 was added over a 30 min period. The 

reaction was stirred for 24 h at room temperature and 50 mL of 6 N 

HCI was added. The mixture was extracted with CH2CI2 (2x30 mL). 

The combined CH2CI2 extracts were washed with H2O (20 mL) and 

chromatographed on alumina with Et20 as eluent to give 7.56 g 

(97%) of a white solid with mp 129-130OC. IR (deposit): 1415,1363 

(SO2); 1147 (C-O) cm-1. 1H NMR (CDCI3): 8 2.26 (s,3H); 3.86 (d, 

4H); 4.08 (d, 4H); 4.28 (dd, 2H); 4.42 (d d, 2H), 5.09 (p, 1H); 6.59-7.05 

(m,8H);7.31 (d, 2H); 7.90 (d, 2H). 

sym-Bromodibenzo-16-crown-5 (94). Under nitrogen, crown 

tosylate 93 (2.83 g, 5.65 mmol), LiBr (4.91 g, 56.5 mmol) and H2O 

(3.5 mL) were dissolved in 80 mL of dry HMPA and the solution was 

heated to 10OOC. The reaction mixture was stirred for 16 h and 

then cooled to room temperature. A solution of 6 N HCI (100 mL) 

was added and the mixture was extracted with CH2CI2 (2x40 mL). 

The combined CH2CI2 extracts were washed with 6 N HCI (2x100 
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mL) and dried over MgS04. The solvent was removed in vacuo and 

the residue was chromatographed on alumina with CH2CI2 as the 

eluent to give 1.91 g (83%) of a white solid with mp 83-840C. IR 

(deposit): 1126 (C-O); 748 (C-Br) cm-1. 1 H NMR (CDCI3): 8 3.84 (t, 

4H); 4.09 (t, 4H); 4.21-4.55 (m, 2H); 4.55-4.68 (m, 3H); 6.79-7.05 (m, 

8H). Anal. Calcd for Ci9H2l05Br-1.3 CH2CI2: C, 46.91; H. 4.58. 

Found: C, 46.84; H, 4.52. 

3-(sym-Dbenzo-16-crown-5)propanoic Acid (95). Under 

deoxygenated nitrogen in a 10 mL pyrex flask, crown bromide 94 

(0.18 g, 0.43 mmol) was dissolved in 2 mL of deoxygenated dry THF 

and freshly distilled acrylic acid (0.03 g, 0.43 mmol) was added. The 

reaction mixture was irradiated with a 500 watt sun lamp placed 20 

cm from the reaction vessel and Bu3SnH (0.13 g, 0.43 mmol) was 

added during a 5 h period with a syringe pump. The reaction 

solution was stirred overnight at room temperature in the dark. A 

solution of acrylic acid (0.03 g, 0.43 mmol) dissolved in 2 mL of THF 

was added. The reaction solution was irradiated again and Bu3SnH 

(0.13 g, 0.43 mmol) was added during a 6 h period with a syringe 

pump. Methylene chloride (30 mL) was added to the solution and 

the mixture was washed with 5% NaHC03 (25 mL) and then with 3 N 

HCI (25 mL). The solvent was removed in vacuo and the brown 

residue was subjected to radial chromatography on a silica gel plate 

using CH2CI2 , Et20-CH2Cl2 (1:1), Et20 then Et20-MeOH (1:1) as 

eluents to give a white solid. The solid was dissolved in 50 mL 

CH2CI2 and extracted with 10% NaOH (5x20 mL). The combined 

NaOH extracts were acidified with concentrated HCI and extracted 
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with CH2CI2 (3x30 mL). The combined CH2CI2 extracts were dried 

over MgS04 and the solvent was removed in vacuo to give 0.05 g 

(30%) of a white solid with mp 157-1580C. IR (deposit): 3600-2400 

(COOH); 1707 (C=0); 1126 (C-O) cm-1. 1 H NMR (CDCI3): 8 2.01 (q, 

2H); 2.41(m, 4H); 2.69 (t, 2H); 3.91-3.96 (m, 4H); 4.13-4.19 (m, 8H); 

6.81-6.99 (m, 8H). Anal. Calcd for C22H2607-p.1 CDCI3: C, 64.05; 

H, 6.35. Found; C, 64.00; H, 6.22. 

sym-(Tosyloxy)dl[3(4)-tert-butylbenzo]-16-crown-5(93a). 

Under nitrogen at room temperature, sym-hydroxydi[3(4)-tert-

butylbenzo]-16-crown-5 (2.00 g, 4.37 mmol) and pyridine (0.89 g, 

11.35 mmol) were dissolved in 4.5 mL of CH2CI2. A solution of tosyl 

chloride (2.16 g, 11.35 mmol) dissolved In 23 mL of CH2CI2 was 

added over a 30 min period. The reaction mixture was stirred for 24 

h at room temperature and 40 mL of 6 N HCI was added. The 

mixture was extracted with CH2CI2 (3x30 ml). The combined 

CH2CI2 extracts were washed with 5% NaHC03 (50 mL) and dried 

over MgS04. The solvent was removed in vacuo and the residue 

was chromatographed on alumina with CH2Cl2-Et20 (10:1) as 

eluent to give 2.25 g (84%) of a low melting, solidified oil. IR 

(deposit): 1415, 1363 (SO2); 1147 (C-O) cm-1. 1 H NMR (CDCI3): 8 

1.25 (s, 18H); 2.39 (s, 3H); 3.64-4.55 (m, 12H); 5.01-5.22 (m, 1H); 

6.56-7.05 (m, 6H); 7.32 (d, 2H); 7.93 (d, 2H). Anal. Calcd for 

C34H44O8S: C, 66.64; H, 7.24. Found: C, 66.51; H, 7.04. 

sym-(Mesyloxymethyl)dibenzo-16-crown-5(96). Under 

nitrogen at -IOOC, crown alcohol 90a (0.89 g, 2.47 mmol) and 

triethylamine (0.50g, 4.94 mmol) were dissolved in 22 mL of 
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CH2CI2. A solution of mesyl chloride (0.57 g, 4.94 mmol) dissolved 

in 22 mL of CH2CI2 was added dropwise during a 30 min period. 

The reaction mixture was stirred for 1 h at OOC and for 15 h at room 

temperature and then 5%HCI (60 mL) was added. The reaction 

mixture was extracted with CH2CI2 (2x20 ml) and the combined 

CH2CI2 extracts were washed with 5%NaHC03 (3x40 mL) and dried 

over MgS04. The CH2CI2 was removed in vacuo to give 1.06 g 

(98%) of a cloudy low melting solidified oil. IR (neat): 1359, 1175 

(SO2); 1124 (C-O) cm-1. 1H NMR (CDCI3): 8 2.65-2.86 (m, 1H); 

3.01 (s, 3H); 3.75-4.00 (m, 4H); 4.00-4.35 (m, 8H); 4.73 (d, 2H); 6.75-

7.03 (m, 8H). Anal. Calcd for C21 H26O8S.(0.35 CDCI3): C, 53.39; 

H, 5.53. Found: C, 53.50; H, 5.47. 

(sym-Dibenzo-16-crown-5)ethanonitrile (97). Under nitrogen 

at room temperature, crown mesylate 96 (0.68 g, 1.55 mmol) was 

dissolved in 11 mL of dry DMSO and dry NaCN (0.23 g, 4.67 mmol) 

was added. The mixture was heated to 6OOC and stirred for 36 h. 

The mixture was cooled to room temperature, H2O (20 mL) was 

added and the solution was extracted with CH2CI2 (4x20 mL). The 

CH2CI2 extracts were combined, washed with 3 N HCI (20 mL) and 

dried over MgS04. The CH2CI2 was removed in vacuo. The 

residue was chromatographed on alumina with CH2Cl2-Et20 (1:1) 

as eluents to give 0.56 g (98%) of a white solid with mp 108-109OC. 

IR (deposit): 2246 (-CN); 1123 (C-O) cm-1. 1 H NMR (CDCI3): 8 

2.55-2.78 (m, 1H); 2.94 (d, 2H); 3.75-4.05 (m, 4H); 4.05-4.37 (m, 8H); 

6.69-7.09 (m, 8H). Anal. Calcd for C21H23O5N: C, 68.28; H, 6.28. 

Found:C, 68.19; H, 6.26. 
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Methyl a-(sym-Dibenzo-16-crown-5)acetate (98). Under 

nitrogen in a flask equipped with a fritted glass bubbler and a Soxhiet 

extractor in which the thimble was filled with Na2S04, cyano crown 

97 (0.27 g, 0.73 mmol) was dissolved in 80 mL of anhydrous MeOH. 

The reaction solution was brought to reflux. Anhydrous HCI was 

bubbled through the solution for 16 h. The solution was cooled to 

room temperature and 10 mL of H2O was added. The reaction 

mixture was stirred for 1 h and extracted with CH2CI2 (3x20 mL). 

The combined CH2CI2 extracts were washed with H2O (10 mL), 

dried over MgS04 and chromatogaphed on silica gel using CH2CI2 

then CH2Cl2-Et20 (2:1) as eluents to give 0.29 g (98%) of a cream 

colored solid with mp 87-880C. IR (deposit): 1732 (C=0);1122 (C-

O) cm-1. 1H NMR (CDCI3): 8 2.70-3.02 (m, 3H); 3.69 (s, 3H); 3.70-

4.05 (m, 4H); 4.05-4.35 (m, 8H); 6.69-7.09 (m, 8H). Anal. Calcd for 

C22H26O7: C, 65.66; H, 6.47. Found: C, 65.40; H, 6.52. 

a-(sym-Dibenzo-16-crown-5)acetic Acid (99). Under nitrogen 

at room temperature, crown ester 98 (0.25 g, 0.62 mmol) was 

dissolved in 30 mL of 95%EtOH and 3 N KOH (4.14 mL) was added. 

The reaction mixture was stirred for 1 h and the solvent was 

removed in vacuo. The resulting residue was dissolved in CH2CI2 

(30 mL) and washed with 6 N HCI (30 mL). The CH2CI2 solution 

was dried over MgS04 and the solvent was removed in vacuo to 

give 0.24 g (99%) of a low-melting, white solidified oil. IR (deposit): 

3400-2700 (COOH); 1709 (C=0); 1122 (C-O) cm-1. 1 H NMR 

(CDCI3): 8 2.87 (s, 3H); 3.70-4.05 (m, 4H); 4.05- 4.35 (m, 8H); 6.69-
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7.09 (m, 8H). Anal. Calcd for C21 H24O7(0.25 CH2CI2): C, 62.31; H, 

6.03. Found: C, 62.53; H, 6.06. 

N-Tosyl sym-Monoazadibenzo-16-crown-5-oxyacetic Acid 

(103). Under nitrogen at room temperature, the mineral oil was 

removed from sodium hydride (0.65 g, 27.2 mmol) by washing with 

pentane (3x30 mL). N-Tosyl sym-(hydroxy)monoazadibenzo-16-

crown-5 (102)52b (2.26 g, 4.5 mmol) dissolved in 30 mL of dry THF 

was added dropwise. After hydrogen evolution ceased, a solution 

of bromoacetic acid (1.25 g, 9.0 mmol) dissolved in 20 mL of dry 

THF was added during a two h period. The reaction mixture was 

stirred for 3 d at room temperature and filtered. The solvent was 

removed from the filtrate in vacuo. The orange residue was 

dissolved in 30 mL of CH2CI2, washed with 20% NaOH (2x50 mL), 

dried over MgS04 and chromatographed on silica gel with Et20 

then Et20-MeOH (1:1) as eluents to give 2.11g (84%) of a low 

melting white solid. IR (neat): 3600-2400 (COOH); 1715 (0=0); 

1255, 1160 (SO2) cm-1. 1H NMR (CDCI3): 8 2.31 (s,3H); 3.50-4.70 

(m,15H); 6.51-7.12 (br s,8H); 7.35 (d,2H); 7.75 (d,2H); 9.10-9.80 (br 

S.I H, COOH). Anal. Calcd for C28H31 NOgS-CH3OH: C, 59.07; H, 

5.98. Found: C, 58.65; H, 5.83. 

N-Decyl sym-Monoazadibenzo-16-crown-5-oxyacetic Acid 

(106). Under nitrogen at room temperature, Na2HP04 (0.29 g) and 

6% sodium amalgam (3.05 g) were added to tosyl crown acid 103 

(0.57 g, 1.02 mmol) dissolved in 122 mL of anhydrous dioxane-

methanol (3:4). The reaction mixture was stirred for 20 h at room 

temperature and filtered. The solvent was removed in vacuo. The 



131 
pale gray residue was dissolved in CH2CI2 (30 mL), dried over 

MgS04 and the solvent was removed in vacuo. The residue was 

dissolved in MeCN (50 mL) and potassium carbonate (0.70 g, 5.10 

mmol) was added. During a 10 min period, 1-bromodecane (1.13 

g, 5.10 mmol) was added and the reaction mixture was refluxed for 

6 d. The solvent was removed in vacuo and the residue was 

chromatograped on silica gel with Et20 as eluent. The resultant 

orange oil was dissolved in 95% EtOH (80 mL) and a solution of 

KOH (0.40 g, 7.13 mmol) dissolved in 2 mL of H2O was added. The 

reaction solution was stirred at room temperature for 4 d and 0.5 N 

HCI (14.3 mL, 7.13 mmol) was added. After addition of H2O (50 

ml), the mixture was extracted with CH2CI2 (3x30 mL). The CH2CI2 

extracts were combined, dried over MgS04 and chromatographed 

on silica gel with Et20 then Et20-MeOH (1:1) as eluents to give 

0.20 g (37%) of a colorless oil. IR (neat): 3400-2400 (COOH); 1741 

(C=0) cm-1. 1H NMR (CDCI3): 8 0.85 (t,3H); 1.00-1.50 (m,14H); 

1.85 (p, 2H); 3.40 (t, 2H); 3.60-4.90 (m, 15H); 6.95 (s, H); 8.00-9.80 

(br s, 1H, COOH). Anal. Calcd for C31H4507N- 0.9 CH2CI2: 

0,61.78; H,7.61. Found: 0,61.87; H,7.95. 

[3(4)-tert-Butyl-6-tetrahydropyranyloxy]phenol (107). 

Under dry nitrogen 4-tert-butylcatechol (25.43 g, 153 mmol) and 

3,4-dihydro-2H-pyran (6.43 g, 76.4 mmol) were dissolved in 40 mL 

of anhydrous Et20 and the temperature was lowered to -50C with an 

ice salt bath. Two drops of concentrated HCI were added and the 

reaction solution was stirred for 1 h. Five percent aqueous NaHC03 

(100 mL) was added and the Et20 was removed in vacuo. The 
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remaining solution was extracted with benzene (4x30 mL) and the 

combined benzene extracts were washed with 1N NaOH (40x50 mL) 

and H2O (5x100 mL), then dried over MgS04. The solvent was 

removed in vacuo to yield 15.59 g (81%) of a pale yellow oil. IR 

(neat): 3500-3100 (0-H); 1130 (C-O) cm-1. 1 H N M R (CDCI3): 8 

1.00-2.20 (m, 15H); 3.15-4.23 (m, 2H); 4.81-5.53 (m, 2H); 6.43-7.14 

(m, 3H). Anal. Calcd forCi 5H22O3: 0,71.97; H, 8.86. Found: 0, 

72.20; H, 8.74. 

N-Tosyl Bis-{2-[2-hydroxy-4(5)-tert-butylphenoxy]}ethyl 

Amine (109). Under dry nitrogen, THP-protected 4-tert-

butylcatechol 107 (8.58 g, 34.3 mmol) and CS2CO3 (11.7 g, 35.9 

mmol) were dissolved in 130 mL of dry MeCN. A solution of the 

ditosylate tosylamide of diethanolamine 10884a (9.26 g, 16.3 

mmol)dissolved in 41 mL of MeCN was added during a 30 min 

period. The mixture was heated to 8OOC and stirred for 5 d. The 

MeCN was removed in vacuo, the residue was dissolved in CH2CI2 

(100 mL) and washed with H2O (2x50 mL). The CH2CI2 was 

removed in vacuo and the residue was dissolved in MeOH (150 mL). 

Concentrated aqueous HCI (8 drops) was added and the reaction 

solution was stirred for 24 h. The reaction solution volume was 

reduced to 20 mL by evaporation in vacuo. The remaining solution 

was refrigerated for 168 h and filtered to yield 6.79 g (83%) of a white 

solid with mp 125-1270C. IR (deposit): 3600-3300 (0-H) cm-1. 1 H 

NMR (CDCI3): 8 1.25 (s,18H); 2.32 (s, 3H); 3.54 (t, 4H); 4.18 (t, 4H); 

6.05-7.03 (m, 6H); 7.24 (d, 2H); 7.79 (d, 2H). Anal. Calcd for 

C31H41N06S: 0,67.00; H, 7.44. Found: 0, 67.14; H, 7.62. 
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N-Tosyl sym-(Hydroxy)monoazadi[3(4)-tert-butylbenzo]-16-

crown-5 (110). Under dry nitrogen, bisphenol 109 (2.68 g, 5.40 

mmol) was dissolved in 200 mL of dry MeCN and CS2CO3 (3.86 g, 

11.85 mmol) was added. The mixture was heated to 8OOC and a 

solution of epichlorohydrin (0.75 g, 8.1 mmol) dissolved in 30 mL of 

MeCN was added over a 15 h period using a syringe pump. When 

this addition of epichlorohydrin was completed, another solution of 

epichlorohydrin (0.75 g, 8.1 mmol) dissolved in 30 mL of MeCN, was 

added over 15 h. After a total reaction time of 3 d, the solvent was 

removed in vacuo and the residue was dissolved in CH2CI2 , 

washed with H2O (2x50 mL) and dried over MgS04. The brown 

residue was chromatographed on alumina with CH2CI2, Et20 then 

Et20-EtOAc (1:1) as eluents to give 1.30g (44%) of a white solid with 

mp96-970C. IR (deposit): 3600-3100 (0-H); 1145 (SO2) cm-1. 1 H 

NMR (CDCI3): 8 1.28 (s, 18H); 2.39 (s, 3H); 2.91-3.05 (brs, 1H, OH); 

3.58-4.43 (m, 13H); 6.59-7.01 (m, 6H); 7.24 (d, 2H); 7.79 (d, 2H). 

Anal. Calcd for C34H45N07S:C, 66.75; H, 7.41. Found: 0, 67.08; H, 

7.58. 

Ethyl {N-Tosyl sym-Monoazadi[3(4)-tert-butylbenzo]-16-

crown-5-oxy}acetate (111). Under dry nitrogen at room 

temperature crown alcohol 110 (1.38 g,2.31 mmol) was dissolved in 

9.3 mL of dry THF and 0.28 g of a 60% dispersion of NaH in mineral 

oil (7.00 mmol) was added. After hydrogen evolution had ceased, a 

solution of ethyl bromoacetate (0.77 g, 4.61 mmol) dissolved in 3 mL 

of THF was added dropwise over a 10 min period. The reaction 

mixture was stirred for 3 d at room temperature and quenched by 
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addition of 10 mL of H2O and extracted with CH2CI2 (3x30 mL). 

The combined CH2CI2 extracts were washed with H2O and dried 

over MgS04. Column chromatography on alumina gel with CCI4 

then CH2CI2 as eluents gave 0.67 g (50%) of a colorless low melting 

solidified oil. IR (deposit): 1758 (0=0); 1145 (S=0) cm-1. I H N M R 

(CDCI3): 8 1.12-1.49 (m, 21H); 2.39 (s, 3H); 3.63-4:46 (m, 15H); 4.47 

(s, 2H); 6.60-7.09 (m, 6H); 7.28 (d, 2H); 7.73 (d, 2H). Anal. Calcd for 

C38H51N09S- 0.63 CH2CI2: 0, 61.75; H, 7.15. Found: 0,61.76; H, 

7.15. 

N-Tosyl sym-Monoazadi[3(4)-tert-butylbenzo]-16-crown-5-

oxyacetic Acid (112). Under nitrogen at room temperature, crown 

ester 111 (0.64 g, 0.92 mmol) was dissolved in 60 mL of 95% EtOH 

and a solution of KOH (0.51 g, 9.17 mmol) dissolved in 1.5 mL of 

H2O was added. The reaction mixture was stirred for 19 h at room 

temperature then 200 mL of 6N HCI was added. The reaction 

mixture was extracted with CHCI3 (3x50 mL) and the combined 

CHCI3 extracts were dried over MgS04. The solvent was removed 

in vacuo to give O.60 g (98%) of a white solid with mp 97-9800. IR 

(deposit): 1734 (0=0); 1255, 1160 (SO2) cm-1. iR NMR (CDCI3): 

8 1.28 (s, 18H);2.41 (s, 3H); 3.75-4.45 (m, 15H); 6.63-6.99 (m, 6H); 

7.23 (d, 2H); 7.78 (d, 2H). Anal. Calcd for C36H47NO9S: C, 64.55; 

H, 7.07. Found: 0, 64.55; H, 6.89. 

N-Tosyl sym-Monoazadi[3(4)-tert-butylbenzo]-18-crown-

6 (113). Under nitrogen, bisphenol 63 (5.00 g, 12.4 mmol) was 

dissolved in 100 mL of dry MeCN and 0.64 g of a 60% dispersion of 

NaH in mineral oil (26.8 mmol) was added. The mixture was heated 
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to 80OC. A solution of ditosyl tosylamide of diethanol amine 108 

(6.91 g, 12.4 mmol) in 30 mL of MeCN was added over a 2 h period. 

The reaction mixture was stirred for 3 d and was quenched with 

aqueous MeOH. The solvent was removed in vacuo and the residue 

was chromatographed on alumina with CCI4 then CH2CI2 as 

eluents to give 3.42 g (44%) of a low melting, white solidified oil. IR 

(deposit): 1145 (SO2); 1140 (C-O) cm-1. 1 H NMR (CDCI3): 81.31 (s, 

18H); 2.30 (s,3H); 3.40-3.51 (m, 16H); 6.50-7.02 (m, 6H); 7.20 (d, 

2H); 7.64 (d, 2H). Anal. Calcd for C35H47O7NS: C, 67.17; H, 7.57. 

Found: C, 67.02; H,7.64 

sym-Monoaza-di [3(4)-tert-butylbenzo]-18-crown-6 (114) 

Under nitrogen at room temperature, tosyl crown 113(1.26 g, 2.00 

mmol) was added to a 250 mL solution of dry MeOH-dioxane (3:4) 

containing Na2HP04 (0.71 g, 5 mmol) and 6% sodium amalgam 

(8.50 g). The reaction mixture was stirred for 72 h and filtered. The 

solvent was removed from the filtrate and the residue was dissolved 

in 50 ml of CH2CI2. The resultant solution was washed with 5% HCI 

(50 mL), H2O (50 mL) and dried over MgS04. Column 

chromatography on alumina with Et20-MeOH (5:1) as eluents gave 

0.82 g (87%) of a waxy white solid with mp 113-116OC. IR (deposit): 

3320,1585 (N-H); 1140 (C-O) cm-1. 1 H NMR (CDCI3): 8 1.32 (s, 

18H); 2.74-3.49 (m, 4H); 3.73-4.43 (m, 12H); 6.56-7.05 (m, 6H). 

Anal. Calcd for C28H4105N- 1.10 H20:C, 68.43; H, 8.86. Found: 0, 

68.14; H, 8.55. 

N-Acetoethyl sym-Monoazadi[3(4)-tert-butylbenzo]-18-

crown-6 (115). Under nitrogen, azacrown 114 (1.21 g, 2.59 mmol) 
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and CS2CO3 (1.27 g, 3.89 mmol) were added to 300 mL of dry DMF 

and the mixture was heated to 8OOC. A solution of ethyl 

bromoacetate (0.48 g, 2.85 mmol) in 20 mL of dry DMF was added 

during a 1 h period. The reaction mixture was stirred for 72 h. The 

DMF was removed in vacuo. The residue was dissolved in 50 mL of 

CH2CI2 , washed with 5% HCI (2x50 mL), dried over MgS04 and 

chromatographed on alumina gel with CH2CI2 then CH2Cl2-Et20 

(1:1) as eluents to give 0.86 g (60%) of a cloudy colorless oil. IR 

(neat): 1750 (0=0); 1140 (C-O) cm-1. 1 H NMR (CDCl3):8 1.04-1.52 

(m, 21H); 3.34 (t, 4H); 3.68-4.47 (m, 16H); 6.50-7.05 (m, 6H). Anal. 

Calcd for C32H47NO7-0.3 CH2OI2: 0, 66.52, H, 8.20. Found: 0, 

66.91; H, 8.19. 

N-Aceto sym-Monoazadi[3(4)-tert-butylbenzo]-18-crown-6 

(116). The crown ester 115 (0.86 g, 1.56 mmol) was dissolved in 

200 mL of dioxane-H20 (4:1) and 0.4 N NaOH (7.7 mL) was added. 

The reaction solution was stirred at room temperature for 72 h and 

0.5 N HCI (6.15 mL) was added. The solvent was removed in vacuo 

and the brown residue was dissolved in CH2OI2 (50 mL), washed 

with 50 mL of H2O and dried over MgS04. Column chromatography 

on alumina with Et20 then Et20-MeOH (2:1) as eluents gave 0.33 g 

(40%) of a low melting solidified oil. IR (deposit): 1734,1630 (0=0); 

1145 (0-0) cm-1. 1H NMR (CDCI3): 8 1.28 (s, 18H); 2.70-4.70 (m, 

18H); 6.54-7.12 (m,6H); 8.80-9.40 (brs, 1H, COOH). Anal. Calcd for 

C30H43O7N.O.6 CH2CI2: 0, 63.29; H, 7.67. Found: 0, 63.24, H,7.85. 

1- Amino-3-(sym-dibenzo-16-crown-5-oxy)propane (117a). 

Under nitrogen, cyano crown 72 (1.00 g, 2.50 mmol) was dissolved 



137 
in 30 mL of dry THF and (CH3)2S-BH3 (0.57 g, 7.50 mmol) was 

added through a syringe during a 10 min period. The reaction 

solution was stirred for 3 h at room temperature. The Me2S was 

removed by distillation and the solution was stirred for 48 h at room 

temperature. After cooling the solution to OOC, 15 mL of 6 N HCI 

was added. The solution was refluxed for 1 h, cooled to OOC, and 

20% aqueous NaOH was added until the pH was 11. The solution 

was extracted with CH2OI2 (2x50 mL), washed with 5% HCI (30 mL), 

and 10% NaHC03 (30 mL), and dried over MgS04. The solvent 

was removed in vacuo to give 0.54 g (54%) of a waxy white solid that 

was used without further purification. IR (neat): 3445, 3194,1595 

(N-H); 1134 (C-O) cm-1. 1 H NMR (CDCI3): 8 1.87-2.04 (m, 2H); 

3.01-3.20 (m, 2H); 3.75-4.35 (m, 15H); 6.51-7.05 (m, 10H). 

N,N-Di(ethylaceto) 1-Amino-3-(sym-dibenzo-16-crown-5-

oxy)-propane (118a). Under nitrogen, crown amine 117a (0.80 g, 

1.99 mmol) and K2OO3 (1.37 g, 9.94 mmol) were dissolved in 83 mL 

of dry MeCN. A solution of ethyl bromoacetate (0.99 g, 5.96 mmol) 

dissolved in 2 mL of MeCN was added during a 10 min period. The 

reaction mixture was stirred for 48 h at room temperature. The 

solvent was removed in vacuo. The residue was dissolved in 30 mL 

of CH2OI2, washed with H2O (2x50 mL), dried over Na2S04 and 

chromatographed on alumina with Et20-EtOAc (1:1) as eluent to 

give 1.12 g (98%) of a clear oil. IR (neat): 1747 (C=0);1147 (C-O) 

cm-1. 1H NMR (CDCI3): 8 1.25 (t, 6H); 1.84 (p, 2H); 2.91 (t, 2H); 

3.58 (s, 4H); 3.79-4.45 (m, 19H); 6.81-7.01 (m, 8H). Anal. Calcd for 

C30H41O10N: 0,62.59; H, 7.18. Found: 0,62.50; H,7.16. 
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N,N-Diaceto 1 -Amino-3-(sym-dibenzo-16-crown-5-oxy)-

propane (119a). Under nitrogen at room temperature, crown 

diester 118a (1.50g, 2.61 mmol) was dissolved in 30 mL of 95% 

EtOH. A solution of 3 N KOH (8.71 mL) was added and the reaction 

mixture stirred for 6 h at room temperature. A solution of 1 N HCI 

(26.1 mL) was added and the solution was extracted with CH2CI2 

(3x30 mL). The combined CH2OI2 extracts were combined and 

dried over MgS04. The solvent was evaporated invacuo to give 1.30 

g (96%) of a low melting, solidified oil. IR (deposit): 3600-2400 

(COOH); 1731,1633 (0=0) cm-1. 1 H NMR (CDCI3): 8 1.75-2.20 (m, 

2H); 3.05-4.51 (m, 21H); 6.65-7.08 (m, 8H). Anal. Calcd for 

C26H33NO10O.6HCI: C, 57.67; H, 6.25. Found: C, 57.73; H, 5.86. 

1-Amino-3-{sym-di[3(4)-tert-butylbenzo]-16-crown-5-oxy}-

propane(117b). Under nitrogen at room temperature, cyano 

crown 75 (1.20 g, 2.34 mmol) was dissolved in 28 mL of THF and 

(CH3)2S-BH3 (2.14 g, 28.14 mmol) was added with a syringe. The 

reaction solution was refluxed for 3 d and then cooled to OOC. A 6 N 

solution of HCI (15 mL) was added and the solution was heated to 

reflux for 1 h. The temperature was lowered to OOC and 20% NaOH 

was added until the pH was 11. The solution was extracted with 

CH2CI2 (3x30 mL). The combined OH2OI2 extracts were washed 

with 5% HCL (2x30 mL), dried over MgS04 and chromatographed 

on alumina with EtOAc then 5% HCI-MeOH as eluents to give 0.47 g 

(40%) of a low melting, pale green wax. IR (neat): 3389,1600, 805 

(N-H); 1147 (C-O) cm-1. 1H NMR (CDCI3): 8 1.27 (s, 18H); 2.01 (t, 

2H); 3.15 (t, 2H); 3.71 -4.45 (m, 15H); 6.69-7.02 (m, 6H); 7.58 (m,3H). 
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N,N-Di(ethylaceto) 1-Amino-3-{sym-di[3(4)-tert-butylbenzo]-

16-crown-5-oxy}propane (118b). Under nitrogen at room 

temperature, the crown amine hydrochloride salt of 117b (0.49 g, 

0.89 mmol) and K2CO3 (0.67 g, 4.85 mmol) were added to 40 mL of 

dry MeCN . A solution of ethyl bromoacetate (0.49 g, 2.91 mmol) 

dissolved in 2 mL of MeCN was added over a 10 min period. The 

reaction mixture was stirred for 20 h and the solvent was removed In 

vacuo. The residue was dissolved in CH2CI2 (50 mL), washed with 

H2O (2x50 mL), dried over Na2S04 and chromatographed on 

alumina with Et20 then EtOAc as eluents to give 0.38 g (62%) of a 

clear oil. IR (neat): 1745 (0=0); 1147 (C-O) cm-1. I R NMR (CDCI3): 

8 1.13-1.19 (m, 24H); 1.77 (p, 2H); 2.83 (t, 2H); 3.49 (s, 4H); 3.65-4.29 

(m, 19H); 6.66-6.95 (m, 6H). Anal. Calcd for C38H58NO10: 0, 66.26; 

H,8.49. Found: 0, 66.38; H, 8.11. 

N,N-Di(aceto) 1-Amino-3-{sym-di[3(4)-tert-butylbenzo]-16-

crown-5-oxy}propane (119b). Under nitrogen at room 

temperature, crown diester 118b (0.37 g, 0.54 mmol) was dissolved 

in 20 mL of 95% EtOH and 3 N KOH (1.81 mL) was added. The 

reaction mixture stirred for 8 h at room temperature and 1 N HCI 

(5.43 mL) was added. The solution was extracted with CH2CI2 

(2x30 mL). The combined CH2CI2 extracts were dried over MgS04 

and the solvent was removed in vacuo to give 0.33 g (97%) of a low 

melting white solidified oil. IR (deposit): 3700-2400 (COOH); 

1739,1606 (0=0); 1147 (0-0); 1217 (NHR3+) cm-1. 1 H NMR 

(CDCI3): 8 1.17 (s, 18H); 1.68-2.10 (m, 2H); 3.10-4.61 (m, 21H); 6.50-
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6.95 (m, 6H); 10.20-11.90 (br s, 1H, COOH). Anal. Calcd for 

O34H50NO-0.3 CDCI3: 0, 61.62; H,7.58. Found: C.61.72; H,7.44. 

General Procedure for the Preparation 
of Polyethyleneglycol Ditosylates 

Under nitrogen, a solution of tosyl chloride (14.66 g, 76.9 mmol) 

dissolved in 20 mL of anhydrous pyridine was added dropwise to a 

stirred, cold (-8OC) solution of the polyethyleneglycol (34.96 mmol) 

dissolved in 20 mL of anhydrous pyridine. The reaction mixture was 

stirred for 2 h at -8 to OOC, was refrigerated overnight, then poured 

into a slurry of 6 N HCI (100 mL) and ice (50 g). The mixture was 

extracted with CH2CI2 (3x 40 mL). The combined CH2CI2 extracts 

were washed with 6N HCI (100 mL), 5% NaHC03 (2x100 mL), and 

dried over MgS04. The solvent was removed in vacuo to give the 

desired ditosylate. 

Pentaethyleneglycol Di-p-toluenesulfonate (31b).41a A 

white solid with mp 42-430C was obtained in a 98% yield. IR 

(deposit): 1356, 1177 (SO2); 1124 (0-0) cm-1. 1 H NMR (CDCI3): 8 

2.44 (s, 6H); 3.56-3.70 (m, 20H); 4.15 (t, 4H); 7.34 (d, 4H); 7.78 (d, 

4H). 

Hexaethyleneglycol Di-p-toluenesulfonate (31c).73 A pale 

yellow oil was obtained in an 83% yield. IR (neat): 1356, 1177 

(SO2); 1124 (C-O) cm-1. 1H NMR (CDCI3): 8 2.44 (s, 6H); 3.56-3.70 

(m, 20H); 4.15 (t, 4 H); 7.34 (d, 4H); 7.78 (d, 4H). 
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The methylene protons which are vicinal to the methine 
are oriented inside the cavity on the NMR time scale. 


