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ABSTRACT 

Lariat ethers are crown ethers (macrocychc polyethers) which have 

one or more donor-group-bearing side arms. Functionalization of crown 

ethers by addition of a pendent ann(s) substituted v^th a proton-ionizable 

group(s) or non-ionizable donor group(s) is an effective method to 

improve the metal ion binding ability and selectivity of crown ethers due 

to the extra coordination sites. 

To study the nature of the polyether unit (i.e., acychc or cychc) upon 

the efiSciency and selectivity of metal ion complexation, the synthesis of 

acyclic polyethers which have two proton-ionizable side arms was 

performed. 

Several series of proton-ionizable lariat ethers with structural 

variations which include the crown ether ring size, length of the linkage 

which joins the acidic fimction to the crown ether ring, and the identity of 

the proton-ionizable group were prepared. For the lariat ether carboxyhc 

acids, dibenzo-16-crown-5, dibenzo-19-crown-6, tribenzo-19-crown-6, 

and benzo-18-crown-6 compounds were synthesized. Investigations of 

metal ion complexation behavior of these lariat ether carboxyhc acids and 

their polymers, which were prepared by their reaction with formaldehyde 

condensation in formic acid, have been undertaken. 

For the study of metal ion complexation behavior of proton-ionizable 

lariat ethers and their polymers in more acidic environments, proton-

ionizable lariat ethers with highly acidic phosphonic acid monoethyl ester 

and sulfonic acid fimctional groups were prepared. The lariat ether 

phosphonic acid monoethyl esters have been incorporated into 

xxi 



formaldehyde condensation polymers and their heavy metal ion sorption 

behavior assessed. 

Preorganization of the binding site by intramolecular hydrogen 

bonding of the carboxyhc acid fimction in 5'>7w-(R)dibenzo-19-crown-6-

oxyacetic acids and 5y/w-(methyl)dibenzo-16-crown-5-oxyacetic acid and 

their derivatives has been studied in solution by NMR spectroscopy. 

Additional conformational information is provided from sohd-state 

structures. 

Several series of lariat ethers with non-ionizable donor group side 

arms were prepared in which the structural variation is the identity of the 

non-ionizable fimctional group. To probe the effect of replacing the 

carbonyl oxygen in lariat ether oxyacetamides with a sulfiir atom, a series 

of 16-crovm-5 lariat ether oxythioacetamides was prepared. Picrate 

extraction experiments demonstrated a high propensity of these hgands for 

Ag"*" extraction. 

Synthetic routes to 16-crovm-5 lariat ethers with sulfiir as the first 

atom in the side arm or with two oxygen atom-containing side arms were 

discovered. Lariat ether sulfides were found to exhibit very high Ag"*" 

selectivity in ion-selective electrodes. 
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CHAPTER I 

INTRODUCTION 

Background of Crovm Ethers 

The first systematic syntheses of a variety of cychc polyether 

compounds and assessment of complexation abihties with alkah and 

alkaline-earth metal ions were reported by Pedersen in 1967.1'2 As 

shown in Equation 1, when Pedersen tried to synthesize bis[2-(o-

hydroxyphenoxy)ethyl]ether (3) by reacting bis(2-chloroethyl)ether (2) 

with monotetrahydropyranyl catechol (1), which was contaminated with 

unprotected catechol, he obtained less than 1% of white crystalline by

product with a silky, fibrous character in addition to the desired product 3. 

O*^^^ 1) n-BuOH, NaOH 
+ CI 0 CI 

OH 
2) H+, MeOH 

• * • 

1 

n 
OH HO. ^ x - ^ / ^ °> 

+ ifY l( )l (1) 
0 0 0 0 

3 4 

Pedersen deduced the structure of this by-product to be 2,3,11,12-

dibenzo-l,4,7,10,13,16-hexaoxacyclooctadeca-2,ll-diene (4) based on its 

elemental analysis, molecular weight, and Ĥ NMR spectrum. This 

1 



compound was found to be insoluble in methanol, but dissolved in 

methanol when NaOH was added. This effect upon solubihty was noted 

with other sodium salts as well. Pedersen deduced that the cychc 

polyether ring formed a complex with the Na"̂  as shown in Figure 1.1. 

This phenomenon led Pedersen to theorize that the sodium cation was 

surrounded by the electron-rich oxygens of the macrocychc ring and the 

hydrocarbon portion of the macrocychc ring oriented itself outwards from 

the cation, providing a hpophihc shield to help solubilize the complex. 

Subsequently Pedersen found that the yield of the cychc polyether 4 could 

be increased to 45% when the catechol-contaminated mono

tetrahydropyranyl catechol was replaced with pure catechol in the reaction 

with bis(2-cliloroethyl)ether and base. 

07 
O I o 

\ I / X<+J[Q] Anion-

Figure 1.1. A Dibenzo-18-crown-6 Complex with a Sodium Salt. 

Pedersen introduced the epithet "crown" to the first member of this 

class of macrocychc polyethers^ because of their appearance and their 

ability to "crown" the cations. The unexpected metal ion complexing 

ability of the compound 4 led Pedersen to synthesize various kinds of 

macrocychc polyethers which are now known as "crown ethers." 



Nomenclature of Crovm Ethers 

As the investigation of crovm ether compounds developed, the need 

for a more convenient means of naming crown ethers, other than the 

cumbersome lUPAC nomenclature system, became evident. Pedersen 

proposed a simpler trivial nomenclature system which consisted of naming 

in order: (1) the number and kind of substituents on the polyether ring; (2) 

the total number of atoms in the polyether ring; (3) the class name, crovm; 

and (4) the number of oxygen atoms in the polyether ring. Applying this 

nomenclature system to macrocychc polyether 4 gives the name "dibenzo-

18-crovm-6." "Dibenzo" designates the two benzene imits annexed to the 

ring while "18" identifies the total number of ring atoms. The class 

specification "crovm" is followed by the number of heteroatoms in the 

ring; in this case "6." 

Some examples of macrocychc compounds named according to 

Pedersen's trivial nomenclature method are shown in Figure 1.2. 

D i c y c l o h e x a n o - N - P r o p y l M o n o a z a - B e n z o - 1 8 - c r o w n - 6 
1 6 - c r o w n - 5 1 2 - c r o w n - 4 

1 7 - D i t h i a - a s y m - D i c y c l o h e x a n o - 1 , 4 - D i a z a -
1 5 - c r o w n - 5 1 4 - c r o w n - 4 1 4 - c r o v m - 4 

Figure 1.2. Crovm Ethers and Other Macrocycles Named 
According to Pedersen's Trivial Nomenclature System. 



Svnthetic Methodology for Crown Ethers 

Synthetic approaches for the preparation of macrocychc poly

ethers have been studied extensively.^-^ A central feature in the synthesis 

of crown ether compounds is the macrocyclization of acychc precursors. 

This often challenging feat can be accomphshed by using directly or 

modifying the conmion synthetic strategies illustrated in Scheme 1.1. The 

letters R, S, T, U, and V represent divalent organic groups which may or 

M e t h o d 1 

^.^^^OH . 

^ ^ ' ' ^ O H 

M e t h o d 2 

If Jl Iv ) | ^ JNavJn T v^j. 1 K^± 

M e t h o d 3 

^ ^ ^ ^ O H 

2 ( ) + 4 NaOH + 2 C l - U - C l 
^ ^ O H 

0 

. if 
l̂  

. (f li: ^ 

^ ° " ' " 
^ 0 - ^ ' 

0—U—0 

Ji 
^^0-u-o' 

+ 2 NaOH 

O—V—CI 

Scheme 1.1. Pedersen's Synthetic Metiiodology for Crown Ethers. 
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may not be identical. Pedersen found that Method 2 was the most 

effective for synthesizing dibenzocrown ethers. For example, dibenzo-

18-crovm-6 was prepared in an 80% yield by Method 2, but in only a 

45% yield by Method 3. However, all four types of cyclizations shown in 

Scheme 1.1 produce some degree of ohgomerization in addition to the 

desired product. One solution to this problem is to lower the 

concentration of the reactants. This is known as the "high dilution" 

technique.4,7 Since the intermolecular reaction is bimolecular, dilution 

decreases its rate, but the rate of the intramolecular cyclization remains 

unchanged. Therefore, use of the high dilution technique may cause the 

acychc starting materials or intermediates to undergo intramolecular 

cychzation before finding another molecule with which an intermolecular 

reaction may occur. 

Pedersen also found that if an appropriate cation were present in the 

reaction mixture, a high yield of the desired cyclization product was often 

obtained even without use of the high dilution technique. A cation-

assisted cyclization, as illustrated in Figure 1.3, is considered to be the 

reason for the higher yields. This kind of cyclization assistance is called a 

"template effect."^ It is expected that the size of the cation should be 

compatible with the specific ring size that is being formed to obtain the 

best template effect. 

A third phenomenon, termed the "cesium effect," has become a 

widely used method for improving product yields in the synthesis of mono 

and dibenzocrovm ether compounds.^ The effectiveness of cesium salts 

to increase cyclization yields in crown ether syntheses is probably due to 

their stronger base strength, l^ relative to the other alkah metal bases and 



lower solvation requirement in solution (organic or aqueous), because of 

its large cationic diameter which combine to create a more reactive 

alkoxide nucleophile for better S N 2 displacement reactions in macrocychc 

polyether syntheses. 

MsO O 0 QMS 

+ 

HO, 0 O OH 

KOH 

OMs 

^ O ' 7 ^-O 

U- J 
V ^ f OMs 

KOH 

OMs 

-OMs 

^ O ' , " O ^ 

c r o 
3 

-OMs 

Figure 1.3. Illustration of the Template Effect. 

k . 0 ^ 

-K+ 

^Ox < - 0 . 

C :€)'.) 
^ 0 ' I " o ^ 

Metal Ion Complexation by Crown Ethers 

Complexes are composed of two or more distinct molecules with a 

definable structural relationship and are usually held together by hydrogen 

bonding, ion pairing, metal ion to hgand attractions (ion-dipole), 7c-acid to 

7c-base attractions, or van der Waals attractive forces. For complexation 

to occur, the binding sites and steric barriers in the potential partners must 
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be complementary to one another in electronic character and geometric 

arrangement. 

The crown ether "host" forms complexes by combining favorable 

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

electrons of the crovm ether's donor atoms. Several structural features of 

the macrocychc polyether influence the degree of the stabihtyl^ with 

which it can form a complex with a cation: relative sizes of the cation and 

the cavity of polyether ring; coplanarity of the oxygen atoms in the crovm 

ether ring; the number of oxygen atoms; the symmetrical placement of 

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

polyether ring; the tendency of the metal ion to associate with the solvent; 

and the electrical charge on the cation. 

Metal ion complexes with crown ethers can be considered as host-

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

entrapped in a cavity-like stucture formed by the cychc or open-chain host 

molecule. This cavity site can accept the metal ion without major 

confi)rmational changes or it may adjust to a final conformation if the 

cation is significantly larger or smaller than the cavity size. 

Dunitz and co-workers ̂  2 investigated the effects of cation size on 

ligand structure. They determined the structure of 18-crovm-6 and the 

complexes it forms witii Na+, K+, Rb+, Cs+, and Ca2+. Figure 1.4 

shows conformations from crystal structures of 18-crovm-6 and its 

K"^SCN- complex. As can be seen, tiie host molecule and its K+SCN-

complex have different conformational organizations. The potential 

crown cavity in the host itself is filled with two inward-turned CH2 groups 

and die electron pairs of two oxygens face outward and away from the 
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center of the roughly rectangular structure. Thus the free host does not 

have a crown shape or a cavity. Once the oxygens became engaged with 

a guest such as K+, the cavity is organized. In other words, the guest 

conformationally reorganizes the host to give a crown-shaped object upon 

complexation. 

Figure 1.4. Reorganiî ation of 18-Crovm-6 upon Complexation. 

The ion-cavity radius concept has been used widely to explain the 

stoichiometry of metal-crovm ether complex systems. 13,14 xhe relative 

sizes of the polyether cavity and the cationic species are important factors 

for determining the stoichiometry of the complexes. Table 1.1 hsts the 

approximate diameters of various metal cations and the approximate 

cavity sizes of selected crown ether compounds. 1 ̂ ' ̂  ̂  From these values, 

it can be seen that Li+ and 14-crovm-4, Na"̂  and 15-crovm-5, K+ and 18-

crown-6, Cs"̂  and 21-crown-7 fit best in size. When the size of a cation 

is well matched with that of the cavity of a crovm ether, a 1:1 complex 

(polyether:cation) is usually formed, as depicted in Figure 1.5. A close 

match between the cation and macrocychc cavity sizes invariably results 

in the formation of a nesting complex in which the cation is enclosed with

in the cavity (Figure 1.5a). Weaker interactions are generally associated 



Table 1.1. Metal Cation and Crovm Ether Cavity Diameters. 

Metal Ion Diameter (A) Crovm Ether 
Cavity 

Diameter (A) 
Li+ 
Na+ 
Ag+ 
K+ 
Rb+ 
Cs+ 

1.20 
1.90 
2.52 
2.66 
2.96 
3.38 

12-Crown-4 
14-Crown-4 
15-Crown-5 
18-Crown-6 
21-Crown-7 
24-Crown-8 

1.2 
1.2-1.5 
1.7-2.2 
2.6-3.2 
3.4-4.3 
-4.5 

with perching complexes (Figure 1.5b). In this case, the cation is too 

large for the macrocychc cavity and is perched shghtiy above the plane of 

the crovm ether ring. On the other hand, if the optimum size relationship 

for complexation of a single cation does not exist, the complexation may 

(a)nesting complex (b)perching complex (c)sandwich-type 
complex 

(d)club sandwich-type 
complex 

(e)two cations compiexed 
by one host molecule 

Figure 1.5. Varition of Geometries for Metal Ion-Crown Ether 
Complexes. 
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occur by other modes. When the cation is too large for the cavity, 2:1 

(Figure 1.5c) or 3:2 complexes (Figure 1.5d) are favored.l^ The 2:1 

complexes have been called "sandwich" complexes and 3:2 complexes 

"club sandwich" complexes. Conversely, when the macrocycle is large 

and flexible, an oversized host molecule may accommodate two metal 

cations within its cavity to give a 1:2 complex, 18» 19 as shovm in Figure 

1.5e. 

As a result of the complex formation between a guest cation and a 

host complexing agent, the cation is held in place by the inward-facing 

oxygen atoms and becomes "shielded" by the outer, non-polar portion of 

the host molecule. With this shielding, the metal salt complex may then 

be used to facihtate unique chemistry in various systems which involve the 

diffusion of the complex into or through non-aqueous solvents, whereas 

the uncomplexed salt may not pass from an aqueous source phase into an 

organic phase. 

Metal Ion Separations bv Solvent Extraction 

Solvent extraction is an efficient separation methods of metal ions 

from an aqueous phase into an organic phase.̂ O A special trademark of 

crovm ethers and their analogs or derivatives is their abihty to serve as 

extractants for transferring metal ions between two different hquid 

phases. 21 

The extraction of a metal cation from an aqueous solution into an 

organic phase by a neutral crown ether requires concomitant transfer of an 

anion from the aqueous phase to produce electroneutrahty which is 

necessary to have a stable complex in a non-polar organic solvent.22 if 
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the anion is a soft ion such as thiocyanate, picrate, or perchlorate, the 

complex can be readily extracted into non-polar organic media. 

However, if the anion is a hard ion such as chloride, nitrate, or sulfate, 

which are common anions in process chemistry, distribution coefficients 

between an aqueous phase and an organic phase which contains a crown 

ether are too low to be usefiil.23-25 This potential problem can be solved 

by use a proton-ionizable crovm ether as a extractant because it has a 

"built-in" anion. 

One of the requirements for the extractant in this and other systems 

is that its solubility in the aqueous phase must be low. In other words, if 

the extractant is readily soluble in die aqueous phase, it will be lost from 

the organic phase, making the system useless. Conversely, if the 

extractant is too hpophihc, interaction at the phase boundary may be 

diminished, reducing extraction efficiency. Therefore, the extractant 

should have a proper balance in hydrophihcity and hpophihcity since the 

solvent extraction process is performed in two different liquid phases. 

Metal Ion Separations bv Liquid Membrane Transport 

Liquid membranes systems are used to transport metal ions from an 

aqueous phase through an organic phase and into a second aqueous 

phase.26-28 When a macrocychc hgand fimctions as a carrier in the 

organic membrane, the separation of different metal ion species may be 

accomplished. Membrane transport of this type has also been studied as 

a model for biological transport of metal ions. 

Selective transport of a desired metal ion across an organic 

membrane by a neutral crown ether can be generally represented by the 
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scheme shovm in Figure 1.6. The system is composed of an aqueous 

source phase that contains various metal salts, an organic membrane 

containing the crovm ether or other mobile carrier, and an aqueous 

receiving phase which, initially, is devoid of metal ions. The metal 

cations diffuse from the source phase into the organic membrane in which 

tiiey exist in the form of carrier complexes. The thermodynamic driving 

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

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

overall transport process can be thought as a three-step process: step 1— 

complexation of a desired ion at the source phase membrane interface; 

step 2~diffusion of the complex across the hquid membrane; and step 3— 

release of the metal ion at the membrane receiving phase interface and 

regeneration of the uncomplexed host which diffuses back across the 

membrane. The process shown in Figure 1.6 depends upon a 

concentration gradient for transport of the metal ions. As the metal ion 

concentration increases in the receiving phase, the overall transport rate 

will diminish until the metal ion concentrations in the two aqueous phases 

are equal. Although transport of the metal ion species still occurs through 

the membrane at this point, the forward and reverse transport rates are 

equal, which produces no net transport. 

Lariat Ethers with Non-Ionizable Donor Group Side Arms 

Macrocychc polyethers which have a donor-group-bearing side arm 

are known as "lariat ethers."29,30 Figure 1.7 shows the general structure 

of a lariat ether and its complexation with a metal cation. It has been 

suggested that the crovm ether ring first complexes v^th the metal ion in 



Aqueous Metal 
Ion Source Phase 

O 
O o 

Organic Phase Containing 
the Neutral Crovm Ether 

13 
Aqueous Receiv
ing Phase 

step 1 

O 
O 

Step 2 

O 
o o 

step 3 

Metal Cations 
oo 
Anions Mobile Carrier 

(i.e.. Crown Ether) 

Figure 1.6. Scheme for Selective Metal Ion Transport. 
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tiie way normally associated with crovm ether binding and then the donor 

group attached to the side arm fiirther binds the cation to provide three 

dimensional complexation.30 

Separation of metal ions through various types of techniques 

mediated by macrocychc molecules31,32 jg receiving ever-increasing 

attention due to the importance of developing new metal ion separation 

systems. One particular class of macrocychc molecules is lariat ethers 

with non-ionizable side arms. Investigations in this area of separation 

science typically involve the study of relationships that may exist between 

the molecular structure of a compound and its metal ion complexation 

abihty. 

C= Crown Ether 
P= Side Arm Containing Ligation Site 
X= Pivot Atom (C or N) 
D= Additional Donor Atom 

+ M+ ŝ=== ( ̂ ^ ^ ^ """"̂  

M+= Metal Ion 

Figure 1.7. General Structure of a Lariat Ether and Its Complexation 
with a Metal Ion. 

Lariat ethers which result from attachment of one or more sidearms 

bearing neutral donor groups to crovm ethers may produce substantial 
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changes in the selectivity and efficiency of metal complexation due to the 

extra coordination sites. Several investigations have been conducted in 

which a series of structurally related compounds was prepared to identify 

and qualify such potential effects.33,34 Gokel and co-workers 

synthesized a series of neutral donor group-substituted 15-crovm-5 

compounds with increasing donor group numbers and hpophilicity to 

determine the effect of the neutral donor group contribution and 

hpophilicity on the metal ion complexation abihty.3 5 The structures of 

these crovm and lariat ethers and constants for their extraction of Na"̂  and 

K"̂  picrates from an aqueous solution into dichloromethane are shovm in 

Table 1.2. Extraction of sodium picrate by compounds 6, 7, 8,10, and 16 

was found to be inferior to that of 15-crown-5 (5). This result shows that 

if the donor group side arm is sterically incapable of contributing to a ring-

bound cation, the binding abihty of the lariat ether is reduced rather than 

enhanced by its introduction. In addition, as the hpophihcity of the side 

arm chain increases, regardless of the availability of donor groups, 

tiiereupon the extraction constant rises. Thus the extraction constant for 

compound 9 (10.3%) is higher than those for compounds 8 (5.1%) and 5 

(7.6%). Extraction constants for ester derivatives 10-12 are diminished 

relative to compound 5. The potential advantages of the carbonyl group 

are apparentiy negated by the conformational presence of the C-0-C=0 

unit which is required to be E ratiier than Z.36 Anotiier interesting aspect 

of the metal ion binding is that extraction constants are greater for K+ than 

for Na"̂  when more than one potential donor group is available in the side 

arm. A comparison of compound 13 with compounds 14 and 15 

demonstrates this clearly. The single donor atom in compound 13 (the 
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Table 1.2. Complexation Behavior of Carbon-Pivot Lariat Ethers. 

R 
5 H 
6 C2H5 
7 CH2OH 
8 CH2OCH3 
9 CH20(CH2)3CH3 

10 CH20(CO)CH3 

0 o" 

11 CH20(CO)(CH2)2CH3 
12 CH20(CO)(CH2)i4CH3 
13 CH20(CH2)20CH3 
14 CH20(CH2CH20)2CH3 
15 CH20(CH2CH20)3CH3 
16 CH20Ph 

^ R 

Picrate 
Extraction Constants 
% Na+ % K+ 
7.6 5.7 
bdia bdl 
2.7 4.4 
5.1 3.4 
10.3 10.1 
3.6 5.4 
3.9 4.5 
3.1 3.2 
18.0 13.7 
15.7 24.4 
15.7 32.1 
4.0 4.3 

^bdl = below detection limit. 

first oxygen atom is sterically inaccessible to the ring-bound cation) 

provides an environment that favors Na"̂  complexation. Extraction of K"̂  

is more efficient for compounds 14 and 15 in which more than two donor 

atoms can coordinate with die ring-bound species. It should be noted that 

K"*" must perch on the macrocychc ring, whereas Na"̂  nests within it. 

The importance of the donor group contribution can be clearly seen 

in tiie results of anotiier study which was performed by Okahara and co

workers. ̂  7 These researchers prepared a series of alkyl-substituted 
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15-crovm-5 compounds with increasing hpophihcity to determine the 

effect of crovm ether hpophihcity on metal ion complexation abihty. The 

structures of these crown ethers which have no donor groups in their side 

arms and the stabihty constants for their complexation of Na"̂  and K"̂  in 

methanol are shovm in Table 1.3. As can be seen, the introduction of a 

linear alkyl group has httle effect on the metal ion stabihty constant. This 

Table 1.3. Complexation Behavior of Carbon-Pivot Lipophihc Crovm 
Ethers in Methanol. 

o o—^ 

0 o 
r 

17 
18 
19 
20 
21 

R 
H 
C6H13 
C8H17 
C10H2I 
Ph 

Stability Constants 
Na+ K+ 
3.3 3.3 
3.2 3.0 
3.2 3.1 
3.2 3.2 
3.3 3.4 

study demonstrates that in the absence of side arm donor atoms metal ion 

complexation is insensitive to variation of the length of a pendent alkyl 

group. 

It is well known that the incorporation of nitrogen atoms into a side 

arm of the crown ether usually improves the complexation for some 

transition metals.32 Replacement of an oxygen atom in the crovm ether 
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unit itself with a nitrogen atom also alters the binding of alkah metal 

cations.38 Tsukube prepared the series of diazacrown ethers having 18-

membered rings (Figure 1.8) and compared their hquid membrane 

transport behavior with those of other macrocycles.^^ The transport of 

R 
- N N -

R 

o o o^n-^ 
27 28 

Figure 1.8. Pyridino-Armed Diazacrovm Ethers and Related 
Macrocycles. 

transition metal cations across a dichloromethane membrane was studied 

with a U-tube cell and the amounts of guest cations and co-transported 
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anion (CIO4") were determined by means of ion-selective electrodes and 

atomic absorption techniques. The doubled-armed diazacrown ethers 22 

and 24, which bear pyridine and quinoline rings as secondary donor 

groups, effectively transported Cu2+ and Zn2+ ions as well as Bâ "̂  and 

Pb2+ ions, while furfuryl- and benzyl-armed diazacrown ethers 25 and 26 

were only effective in the transport of Ba2+ and Pb2+ ions (Table 1.4). 

Since a diazacrovm ether ring is knovm to favor hard alkah metal cations. 

Table 1.4. Transport Properties of Pyridino-Armed Diazacrown Ethers and 
Related Macrocycles. 

22 
23 
24 
25 
26 
27 
28 

Ba2+ 
3.4 
0.2 

10.2 
17.6 
2.4 
0.1 
0.1 

Transport 
Pb2+ 

1.6 
0.4 
1.0 
3.6 
2.9 
0.1 
0.2 

Rate X 
Cu2+ 
2.2 
0.1 
2.9 
0.1 
0.1 
0.1 
0.4 

106 (mol/h) 
Zn2+ 
4.1 
0.1 
0.5 
0.1 
0.2 
0.1 
0.2 

the pyridino-nitrogen atoms on both arms clearly enhanced binding and 

transport abihties for soft transition metal cations. In contrast, the 

pyridino-armed diazacrovm ether 23 showed much lower transport 

abihties for such ions. Its pyridino-nitrogen atoms appear to be too 

remote to interact with a guest cation compiexed in the parent diazacrovm 

ring. The pyridine-containing macrocycles 27 and 28 were also examined 

as mobile carriers, but their transport rates for transition metal cations 

were small. Therefore, the cooperative action of pyridino-arms and the 
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parent diazacrown ether ring are beheved to play an important role in the 

transport of transition metal cations. 

Although there have been several reports'̂ 0-42 on the metal ion 

complexation abilities of crovm ethers in which one or more oxygen atoms 

are replaced by sulfur atoms, httle attention has been paid to the thiolariat 

ethers, i.e., lariat ethers in which an oxygen atom in the side arm is 

replaced by a sulfur atom. Recentiy, Nabeshima and co-workers reported 

the first example of thiolariat ethers^^ and their remarkably high Ag"*" 

selectivity, which was achieved by the introduction of one sulfur atom in a 

side arm. These workers synthesized the series of lariat ethers shown in 

Figure 1.9 and carried out solvent extraction experiments witii 1,2-

dichloroethane to evaluate the metal ion affinities of the thiolariat ethers. 

The alkali metal cation selectivity sequence for thiolariat ethers 29-35 was 

almost the same as that of the corresponding lariat ether compounds 36 

and 37. This revealed that the sulfur atom in the side chain did not affect 

the alkah metal cation affinity significantiŷ ^ '̂̂ ^ and that the complexation 

selectivity resulted essentially fi^om the the crovm ether ring, as expected. 

In contrast, for heavy metal ions only thiolariat ethers 31-33 which have 

15-crovm-5 rings exhibited quite high Ag"*" selectivity. The Ag"̂  

extractabilities for compounds 31-33 were 95, 95, and 97%, respectively. 

However, the affinity for Ag"̂  extraction was dramaticaUy decreased for 

thiolariat ether compounds 29 and 30 which have 12-crown-4 rings (25% 

extraction with 29 and 24% with 30). The acychc compound 38 also 

showed a lower extraction of Ag"*" (55%) than did the cychc compounds 

31-33. Low affinity towards Ag"*" was also observed for compounds 34 

and 35. Inspection of CPK (Corey-Pauling-Kortum) space-filhng models 
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reveals that the sulfiir atom in compound 34 could not coordinate with a 

Ag"̂  which is bound in the crovm ether cavity. Low Ag"*" affinities were 

0 0 

n 

Thiolariat Ethers n R 
benzyl 
butyl 
benzyl 
butyl 
dodecyl 

29 
30 
31 
32 
33 

Thiolariat Ethers 

1 
1 
2 
2 
2 

0 q 

R 
34 benzyl 
35 butyl 

36 37 38 

Figure 1.9. Nabeshima's Thiolariat Ethers. 
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also noted for lariat ether compounds 36 and 37 (5% extraction with 36 

and 28% with 37). Thus, these extraction experiments demonstrate that 

the extremely high Ag+ selectivity observed for tiiiolariat etiiers 31-33 

was derived fi-om the "synergistic coordination" of a suitably sized crown 

ether ring (15-crown-5) and a sulfur atom in the side arm. Development 

of this interesting concept of thiolariat ether is expected to open a variety 

of apphcations in novel detection and recovery methods for Ag"*". 

Lariat Ethers with Proton-ionizable Side Arms 

Although crovm ethers may exhibit selective binding of cationic 

species, improvement of host-guest complex stabihty and selectivity may 

be achieved by addition of a side arm to the crown ether unit.29,30 

Functionalization of crown ethers by addition of a pendent arm(s) 

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

improve binding ability and selectivity of otherwise neutral crovm ethers. 

Since the ionizable side arm can contribute an internal counter ion during 

complexation, proton-ionizable lariat ethers should bind cations more 

tightiy than their neutral counter parts. 

For solvent extraction, proton-ionizable lariat ethers have an impor

tant advantage over the neutral crown ethers in that the extraction of a 

metal cation fi-om the aqueous phase into an organic medium does not 

require the concomitant transfer of the aqueous phase anion because it has 

a "built-in" anion. This is especially important for extraction in systems 

involving hard aqueous phase anions, such as chloride, nitrate, and sulfate. 

Studies of metal cation extraction have revealed that metal ion 

extraction efficiencies and selectivities can be enhanced by structural 
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variations witiiin proton-ionizable lariat ethers.44-48 Possible structural 

variations within proton-ionizable lariat ethers are: crown ether ring size; 

attachment site(s) for hpophihc group(s) which are necessary to retain the 

ionized lariat ether in the organic phase; length of the "arm" which 

connects the proton-ionizable group to the polyether ring; rigidity of the 

polyether ring; and identity of the proton-ionizable group. 

The series of hpophihc lariat ether carboxyhc acids^-^^ 39-50 

shovm in Figure 1.10 was synthesized by Bartsch and co-workers to study 

the effect of crown ether ring size upon competitive solvent extraction of 

alkah metal cations. Extraction selectivity for Li"*" was observed for lariat 

ether carboxyhc acids with 12- to 15-membered polyether rings containing 

four oxygen atoms (compounds 39-42). The lariat ether carboxyhc acids 

containing 15-crovm-5, 18-crovm-6, and 21-crown-7 rings exhibited good 

selectivities for Na"*", K"*", and Cs"̂  extraction, respectively. In contrast. 

C I Q H ; OCH,CE 

^^'^ CO,H 

39 
40 
41 
42 
43 
44 

CE 
12-Crovm-4 
13-Crovm-4 
14-Crown-4 
15-Crown-4 
15-Crovm-5 
16-Crovm-5 

45 
46 
47 
48 
49 
50 

CE 
18-Crovm-6 
19-Crovm-6 
21-Crown-7 
24-Crown-8 
27-Crown-9 
30-Crovm-lO 

Figure 1.10. Lariat Ether Carboxyhc Acids with Various Ring 
Sizes. 
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poor extraction selectivity was observed for lariat ether carboxyhc acids 

with 24-crovm-8, 27-crovm-9, and 30-crown-lO rings, which have very 

large and flexible crown ether rings. 

Another potentially important stuctural parameter is the hpophilicity 

of a proton-ionizable lariat ether. A proton-ionizable lariat ether will be 

lost fi'om the organic phase upon deprotonation if it has insufficient 

hpophilicity, even though the lariat ether compound forms a stable 

complex with a metal ion. Simple proton-ionizable lariat ethers22,47 such 

as 51 and 52 (Figure 1.11) had insufiScient hpophihcity to be completely 

retained in the organic phase during extraction of alkali metal cations from 

alkaline aqueous phases. However, the proton-ionizable lariat ethers 53 

and 54, which have a hpophihc group, were found to be sufificientiy 

lipophilic to remain completely in the organic phase even when the 

contacting aqueous solutions of alkah metal cations were highly 

alkaline.22,48 

In addition to the hpophihcity of the proton-ionizable lariat ether, 

variation of the hpophihc group attachment site has also been found to 

influence the selectivity and the efficiency of the solvent extraction 

process.'^9 por example, lariat ether carboxyhc acids 53 and 54 are 

structural isomers in which the lipophihc groups are attached to the side 

arm and to the same crown ether ring carbon to which the side arm is 

attached, respectively. For competitive solvent extraction of alkah metal 

cations into chloroform, attachment of the lipophilic group to the central 

atom of the three-carbon bridge in compound 54 enhanced Na"̂  extraction 

selectivity over that found for 53. It has been proposed that this 

enhancement in Na"*" extraction selectivity for lariat ether carboxyhc acid 
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Ĥ  OCH,CO,H 2 ^ ^ 2 * 

h 
u 

Y 
51 CH2CH2CH2 
52 CH2CH2OCH2CH2 

C8H17 

" v OCHCO2H C«H„, OCH,CO,H • 2 ' > ' ^ 2 ' 

GO GO 

53 54 

Figure 1.11. Dibenzo Lariat Ether Carboxyhc Acids. 

54 results from orientation of the pendent ionizable side arm over the 

polyether cavity which preorganizes the metal ion binding site. 

The homologous series of lariat ether carboxyhc acidŝ ^ shovm in 

Figure 1.12 was synthesized to probe the effect of varying the length of 

the side arm which connects the proton-ionizable group to the polyether 

ring upon the metal ion complexation. The results which were determined 

by titration calorimetry l̂ in 90% aqueous methanol are shovm in Figure 

1.13. The logaritiim of the association constant values for Na"*" are 4.67, 

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

3.56, 3.78, and 2.38, respectively. It was found tiiat tiie largest 
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differentiation between complexation of Na+, the cation whose size best 

fits within the dibenzo-16-crovm-5 ring cavity, and K+ was observed for n 

= 1. Examination of CPK space-filling models shows that when n = 1, 

the carboxyhc acid group is positioned directiy over the crown ether 

cavity to give a preorganized binding site for Na+. However, when n = 2 

and 3, the side arm is too long to allow for this optimal positioning of the 

carboxyhc acid group. 

CH3 0(CH,)^0,H n 

^ 55 1 
0 0 ^ ^ 55 1 

o o 

Figure 1.12. Dibenzo Lariat Ether Carboxyhc Acid Derivatives 
with Different Side Arm Lengths. 

The orientation of the proton-ionizable group with respect to the 

macrocychc ring, termed "pre-organization,"52 is an important factor for 

enhancing the metal ion complexation abihty of the lariat ether. Pre

organization of the binding site in a proton-ionizable lariat ether is clearly 

shovm in sohd structures of 5y/w-(decyl)dibenzo-16-crown-5-oxyacetic 

acid shown in Figure 1.14.̂ 3 jn 5y/w-dibenzo-16-crovm-5-oxyacetic acid, 

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

However, the situation is quite different for 5};/w-(decyl)dibenzo-16-crovm-

5-oxyacetic acid in which the oxyacetic acid moiety is positioned over the 

crovm ether ring. In agreement, the more preorganized structure of 
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^Vm-(decyl)dibenzo-16-crown-5-oxyacetic acid with respect to that of 

5[ym-dibenzo-16-crown-5-oxyacetic acid exhibited the higher Na"*" 

extraction selectivity."^ 

The identity of the proton-ionizable group in a lariat ether is another 

important parameter. Some possible proton-ionizable groups are 

carboxyhc acid, phosphonic acid, and sutfonic acid functions. To 

investigate the effect of proton-ionizable group variation upon extraction 

efficiency and selectivity, Bartsch and co-workers5'*»55 conducted solvent 

extractions with lariat ether carboxyhc acid 45 and the closely related 

lariat ether phosphonic acid monoethyl ester 58 (Figure 1.15). Both of 

to 

2 

CO 

o 
C 
< 

- 0.6 ^ 

Number of CH2 Units 

Figure 1.13. Effect of Side Ann Length in Lariat Ether Carboxyhc 
Acids 55-57 upon the Strength of Complexation of 
Na"̂  and K"*" Ions in 90% Aqueous Methanol. 
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A 
0 G 

CioHnv OCH.CG^H 

0 Ĝ  

Figure 1.14. ORTEP Drawings for 5y/w-Dibenzo-16-crown-
5-oxyacetic Acid (top) and 5y/w-(Decyl)-dibenzo-
16-crown-5-oxyacetic Acid (bottom). 
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these proton-ionizable 18-crovm-6 compounds exhibited the same 

extraction selectivity order of K"^ Rb"^ Cs+> Na"b> Li"*". Although 

compounds 45 and 58 exhibited similar overall extraction selectivities and 

' 10"21 IG 

IG 

45 -CO2H 

0 
58 - l -OH 

6Et 

Figure 1.15. Lariat Ethers with Different Proton-ionizable Groups. 

efficiencies, their effective pH ranges were different. Compound 45 was 

an effective extractant only if the aqueous phase was neutral or alkaline. 

On the other hand, compound 58 exhibited a broader pH range and could 

be utilized to extract metal ions from aqueous solutions at all pHs except 

for those of very high acidity. To achieve the best extraction of metal 

ions using lariat ether carboxyhc acids, in general, the metal ion source 

phase must be an alkaline solution (pH 9-10). This requirement limits the 

apphcation of these extractants for the separation of metal ions from acidic 

water sources. Proton-ionizable lariat ethers which contain more acidic 

functional groups, such as phosphonic and sulfonic acids, could be used to 

solve this problem. ̂ ^ 

The use of a proton-ionizable lariat ether as a carrier allows proton-

coupled transport in which the cation is transported from a basic aqueous 

source phase to an acidic aqueous receiving phase across an organic 

membrane phase. A schematic representation of this process is presented 
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in Figure 1.16. This system resembles that for transport with neutral 

carriers (Figure 1.6) except that with ionizable carriers the metal cation 

transport is coupled with counter-transport of protons and an anion is not 

transported from the aqueous source phase into the aqueous receiving 

phase. The overall mechanism is a three-step process: step l~the 

pendent group is ionized at the source phase-membrane interface and the 

carrier selects and captures a desired cation from the aqueous source 

phase; step 2—the host-guest complex diffuses through the organic 

membrane to the receiving phase; step 3~the carrier is reprotonated at the 

membrane-receiving phase interface and the metal ion is released from the 

complex into the aqueous receiving phase, regenerating the host which 

then difRises back across the membrane. The net result of this process is 

the transport of a metal cation from the aqueous source phase to the 

receiving aqueous phase with back transport of a proton. 

Statement of Research Goals 

Open chain analogues of synthetic polyethers (also called podands) 

have attracted considerable attention because of the advantages of facile 

synthesis, versatile structural variation, and rapid complexation with metal 

cations. Several of these studies have focused on determination of the 

selectivity and/or efficiency of podand-mediated extraction of metal ions 

from an aqueous source phase into an organic medium or the podand-

mediated transport of metal ions from an aqueous source phase through 

the organic medium into an aqueous receiving phase. The first objective 

of this dissertation is the synthesis of acychc polyethers which have two 

proton-ionizable side arms for studies of the nature of the polyether unit 
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Figure 1.16. Metal Ion Transport with a Proton-ionizable Lariat 
Ether as a Mobile Carrier. 
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(i.e., acychc or cychc) upon the efficiency and selectivity of metal ion 

complexation. The di-ionizable acychc polyethers shown in Figure 1.17 

are to be synthesized for complexation of divalent metal ion species. 

O ^ 0 h o 
R= - C H 2 P - 0 E t 

0 0' ^ ^ OH ( 

0 

Figure 1.17. Structures of the Targeted Di-Ionizable Acychc 
Polyethers. 

The second portion of this work involves the synthesis of lariat 

ethers with a proton-ionizable group for fiirther probing of the influence of 

structural variation upon the efficiency and selectivity of metal ion 

complexation. Structural variations within the proton-ionizable lariat 

ethers include: (1) ring size variation for the cychc polyethers; (2) the 

attachment of one or more hpophihc groups; (3) the length of the side arm 

which connects the proton-ionizable group to the polyether ring; (4) the 

rigidity of the polyether ring; and (5) the identity of the proton-ionizable 

group (carboxyhc, phosphonic, sulfonic acid). For example, to 

investigate the effect of the rigidity of the polyether ring and the influence 

of introducing a hpophihc R group upon the metal ion complexation 

abihty, the synthesis of 5>'/w-(R)tribenzo-19-crown-6-oxyacetic acids 

(Figure 1.18) is proposed. 

To probe the conformation effect of attaching an alkyl group 

geminal to the side arm in proton-ionizable lariat ethers, a conformational 
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study for proton-ionizable lariat ethers is proposed. Lariat ether 

carboxyhc acids and their non-ionizable side arm derivatives will be 

examined. 

R,^OCH2C02H 

0 o 

O 
Figure 1.18. Structure of the Targeted 5y/w-(R)tribenzo-19-crowii-

6-oxyacetic Acids. 

In the final portion of this dissertation, synthetic routes to novel 

lariat ethers with non-ionizable donor group side arms will be explored. 

For example, for studies of their metal ion complexation by picrate 

extraction and in polymeric liquid membrane electrodes, synthesis of the 

series of 5>^/w-(R)dibenzo-16-crown-5-oxytliioacetaniide compounds 

shown in Figure 1.19 will be attempted. 

R OCH,C-N-R" 
R ' 

0 0 

0 0 

Figure 1.19. Structure of the Targeted 53 /̂w-(R)dibenzo-16-crowTi-5-
oxythioacetamides. 
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CHAPTER n 

SYNTHESIS OF PROTON-IONIZABLE 

ACYCLIC POLYETHERS 

Results and Discussion 

Acychc analogues of crown ethers, hereafter referred to as podands, 

have recently attracted considerable attention for use in separations of 

alkah, alkaline-earth, or heavy metal cations because they are easier and 

less costly to synthesize than their cychc counterparts. 1-6 

Svnthesis of Acvchc Polyether Carboxvhc Acids 

For fiirther study of their utihty as extractants for alkaline earth 

cations, three new hpophihc polyether dicarboxyhc acids have been 

prepared. The method used to synthesize these hpophihc di-ionizable 

podands is patterned after the procedure described by Bartsch and 

Utterback.'7 The synthetic strategy is depicted in Scheme 2.1. The 

structures of the podands prepared by this method and the diol reactants 

are presented in Table 2.1. 

For the preparation of podands 62-64, NaH (60% dispersion in 

mineral oil) was washed with dry pentane then suspended in dry THF. 

R J r * ^ l)NaH(xs) ^ ^Y^ ^Y^ 
^ Y ^" ^ H6 6H THF, 45-50 Ĉ ^ ^ 

Br 2)H 0+ ^ ^^^^ 0 

Scheme 2.1. Synthesis of Lipophihc Polyetiier Dicarboxyhc Acids. 
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Table 2.1. Structures of Diols 59-61 and the Corresponding Podands 

Prepared fi-om Them According to Scheme 2.1. 

Diol 
59 
60 
61 

o 
HO 6H 

Diol 
X 

CH2CH2 
1,3-phenylene 

trans-1,2-cyclohexylene 

Podand 
62 
63 
64 

A" 
0 OHHO 0 

Podand 

R yield (%) 
C16H33 63 
C12H25 51 
CnH7^ 53 

This was followed by the addition of an appropriate diol dissolved in dry 

THF. After stirring for a brief period to allow deprotonation of the diol, a 

solution of the dried a-bromocarboxyhc acid in dry THF was slowly 

added at room temperature and the mixture was stirred overnight at 45-

50 OC. Treatment with aqueous acid, workup, and recrystallization fi-om 

hexane gave the desired product. Although diastereomeric mixtures were 

expected for each of the hpophihc polyether dicarboxyhc acids 62-64, 

only for 64 were the diastereomers evident in the ^H NMR spectrum of 

the compound. For 62 and 63, the methine hydrogens located alpha to the 

carboxyhc acid groups were poorly resolved triplets at 5 3.62 and 4.58, 

respectively. For 64 these methine hydrogens appeared as broadened 

singlets at 6 4.00 and 4.14 witii a ratio of approximately 85:15. 

The metal ion complexation behavior of these podands has been 

investigated^ in solvent extraction of alkaline earth metal cations from 

aqueous solution into chloroform. Podand 64 showed very good 
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selectivity for Ca2+, whereas the alkahne earth metal salts of podands 62 

and 63 were found to precipitate from chloroform. 

Svnthesis of Acvchc Polvether Phosphonic Acid 
Monoethvl Esters 

A disadvantage of acychc polyether carboxyhc acids is their 

inabihty to extract metal ions from acidic aqueous solutions. The greater 

acidity of a phosphonic acid group would allow it to ionize when 

contacted with acidic aqueous media. 

Two di-ionizable podands which have phosphonic acid monoethyl 

ester groups were synthesized for incorporation into formaldehyde 

condensation resins. The synthetic route for the di-ionizable podands 71 

and 72 is presented in Scheme 2.2. To control the size of the pseudo-

cavity and thereby influence the selectivity for divalent metal ions, the 

length of the polyether chain which joins the two end groups was varied. 

The starting glycol was treated with NaOH in aqueous THF (1:1) foUowed 

by addition of TsCl in THF to provide glycol ditosylates 65^ and 661^ in 

80 and 81% yields, respectively. Ditosylates 65 and 66 were reacted with 

tert-BuOK and 2-(2-tetrahydroxypyranoxy)phenolll (67) in DMF 

followed by deprotection of the tetrahydroxypyranyl group with 

concentrated HCl in a mixture of MeOH-CH2Cl2 (1:1) solvent to produce 

acychc bisphenols 68^2 and 6913 in 51 and 57% yields, respectively. 

Reaction of 68 and 69 with NaH and iodomethylphosphonic acid 

monoethyl ester 1̂  (70) in DMF gave podand diphosphonic acid monoethyl 

esters 71 and 72 in 56 and 74% yields, respectively. 
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Attempted reactions of acychc bisphenols 68 and 69 with 70 under 

the same conditions but in THF instead of DMF were unsuccessfiil 

(Scheme 2.3). A mixture of mono- (73 or 74), di-substituted (71 or 72) 

podands, and unconsumed reactant (68 or 69) was obtained. Presumably 

this incomplete reaction arose from the low solubihty of the phenoxides of 

bisphenols 68 and 69 in THF . 

H O - ^ O ^ O H 
NaOH, T s C l 

a q THF, 0 o c 
Ts 0 ^ 0 - ^ OTs 

n 
65 0 
66 1 

t e r t - B u O K , 

DMF, 80 OC 

OH 
(67) 

OTHP ^ C o n c - H C l 
^ MeOH-CH2Cl2/ r t ^ 

^ o ^ 

OH HO 

l ) N a H , I C H 2 ^ - 0 E t (70) 

OH 

DMF, r t 
2 )H30+ 

^^o<b 0 

0 
R 

n o 

0 
I 

R 

n 
68 0 
69 1 

(• 

o 
II 

R= - C H o P - O E t ^ 
6H J 

n 
71 0 
72 1 

Scheme 2.2. Synthesis of Podand Diphosphonic Acid Monoethyl 
Esters 71 and 72. 



n 
68 0 
69 1 

0 0 
R A 

n 
71 0 
72 1 

DNaH, 70 
THF, rt 

2)H30+ 

.. ff̂  • M 

0 0 

73 
74 

n 
0 
1 
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L .P ' 
68 
69 

e 

n 
0 
1 

-CH2P-0Et j 
OH / 

Scheme 2.3. Attempted Syndiesis of Podands 71 and 72 in THF. 

Chapter Summary 

In this research, viable synthetic routes were determined for acychc 

polyether dicarboxyhc acids 62-64 and di(phosphonic acid monoethyl 

esters) 71 and 72. Other co-workers utilized podands 62-64 as 

extractants for alkaline earth cations and podands 71 and 72 as monomers 

for the preparation of novel chelating polymers by condensation 

polymerization with formaldehyde. 

<v 
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Experimental Procedures 

Sources of Reagents 

CommerciaUy available reagents were used as received, except for 

diols 59-61 and 2-bromocarboxyhc acids which were dried by benzene 

azeotropic distillation with a Dean Stark apparatus. The 2-(2-tetra-

hydroxypyranoxy)phenolll (67) and iodomethylphosphonic acid mono

ethyl esterl4 (70) were prepared by the hterature method. 

Purification of Reagents 

Dry solvents were prepared as follows: tetrahydrofuran (THF) was 

fi^eshly distilled fi'om sodium metal ribbon or chunks; benzene and N,N-

dimethylformamide (DMF) were stored over activated 4 A molecular 

sieves under dry nitrogen; pentane and diethyl ether were stored over 

sodium ribbon; dichloromethane was freshly distilled from LiAlH4. 

General 

Melting points were obtained on either a Fisher-Johns (glass plate) 

or Mel-Temp (capiUary tube) melting point apparatus. hifrared (IR) 

spectra were recorded with a Perkin-Ehner 1600 Series FT-IR on NaCl 

plates (neat or film deposited from solution) or as KBr pellets and are 

reported in wavenumbers (cm^l). Proton nuclear magnetic resonance (^H 

NMR) spectra were recorded with an IBM AF-200 or AF-300 

spectrometer with the chemical shifts (8) reported downfield from the 

internal standard, tetramethylsilane (TMS, present at ca. 0.05% in 

CDCI3). Splitting patterns in the 1 H NMR spectra are identified as: s, 

singlet; d, doublet; t, triplet; q, quartet; br s, broad singlet; m, multiplet. 
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Thin layer chromatography (TLC) was conducted widi eidier 

Alumina GF or Sihca Gel GF Uniplates from Analtech. Column 

chromatography was performed with 80-200 mesh alumina or 60-200 

mesh sihca gel from Fisher Scientific or Mallinckrodt, respectively. For 

flash chromatography, sihca gel for flash chromatography from Baker was 

utilized. 

Elemental analyses were performed by Desert Analytics of Tucson, 

Arizona. 

General Procedure for the Svnthesis of 
Acvchc Polvether Dicarboxvlic Acids 62-64 

After removal of the mineral oil from NaH (1.08 g, 60% dispersion 

in mineral oil, 27.06 mmol) by washing with dry pentane under nitrogen, 

4.51 mmol of an appropriate diol in 80 mL of dry THF was added. The 

mixture was stirred for 1 h at room temperature and a solution of the dried 

2-bromocarboxyhc acid (9.02 mmol) in 30 mL of dry THF was added over 

a period of 1 h with a syringe pump. Upon completion of the addition, 

the reaction mixture was stirred overnight at 45-50 oC. After cooling to 

0 OC, ice-water was added carefiilly to destroy the unreacted NaH and the 

THF was evaporated in vacuo. To the residue was added 200 mL of 

H2O and the alkaline aqueous mixture was washed with EtOAc (3 X 100 

mL), acidified widi 6 N HCl to pH 1, and extracted widi CH2CI2 (3 x 100 

mL). The combined extracts were evaporated in vacuo to give a 

yellowish semi-solid which was dissolved in benzene followed by 

azeotropic distiUation with a Dean Stark apparatus to remove H2O. The 

solution was filtered hot and the filtrate was evaporated in vacuo. The 
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residue was crystaUized from hexane to give the desired product as a 

white sohd. 

Podand 62 was obtained in 63% yield, mp 114-115 oc. IR (KBr): 

3400-2200 (0-H); 1714 (C=0); 1258 and 1141 (C-0) cm-1. 1 H NMR 

(CDCI3): 5 0.83-0.90 (t, 6H); 1.25-1.68 (m, 60H); 3.45-3.51 (d, 2H); 

3.72-3.75 (d, 2H); 3.81-3.86 (t, 2H); 12.30-12.70 (br s, 2H). Anal. 

Calcd. for C38H74O6: C, 72.79; H, 11.90. Found: C, 73.00; H, 11.86. 

Podand 63 was obtained in 51% yield, mp 79-80 oC. IR (KBr): 

3296 (0-H); 1734 and 1701 (C=0); 1277 and 1145 (C-0) cm-1. 1 H 

NMR (CDCI3): 6 0.85-0.91 (t, 6H); 1.29 (s, 38H); 1.51-1.54 (m, 4H); 

4.58-4.61 (t, 2H); 6.10 (s, IH); 6.58-6.59 (d, IH); 6.62-6.63 (d, IH); 7.19 

(t, IH); 8.70-9.30 (br s, 2H). Anal. Calcd. for C34H58O6: C, 72.56; H, 

10.39. Found: C, 72.40; H, 10.35. 

Podand 64 was obtained in 53% yield as an approximately 85:15 

diastereomeric mixtures (based on ^H NMR analysis) with mp 75-76 oC. 

IR (KBr): 3500-2200 (0-H); 1720 (C=0); 1108 (C-0) cm-1. 1 H NMR 

(CDCI3): 6 0.84-0.90 (t, 6H); 1.25 (s, 44H); 1.77-1.81 (m, 6H); 2.04 (m, 

2H); 3.35 (m, 2H); 3.96-4.02 (m, 2H); 9.50-10.00 (br s, 2H). Anal. 

Calcd. for C34H64O6: C, 71.79; H, 11.34. Found: C, 71.84; H, 11.59. 

General Procedure for the Svnthesis of 
Glvcol Ditosvlates 65 and 66 

To a solution of NaOH (21.0 g, 0.53 mol) in H2O (100 mL) was 

added the glycol (0.15 mol) in 100 mL of THF and the reaction mixture 

was stirred at room temperature until a homogeneous solution was 

achieved. To the stirred mixture at 0 oC was added a solution of TsCl 
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(62.9 g, 0.33 mol) in 150 mL of THF over a period of 2 h with a dropping 

fimnel. Upon completion of the addition, the reaction mixture was poured 

into 200 mL of 10% aqueous HCl at 0 oC. The precipitated ditosylate 

was filtered, washed widi 5% of aqueous NaHC03 (100 mL) and H2O 

(100 mL), and then dried under high vacuum. Recrystallization of crude 

solid from methanol gave the desired product. 

Ditosylate of Ethylene Glycol (65) was obtained in 80% yield as a 

white solid witii mp 127-128 oC (ht.9 123-125 OQ. IR (deposit from 

CH2CI2 solution on a NaCl plate): 1361 and 1179 (SO2) cm-1. 1 H 

NMR (CDCI3): 6 2.46 (s, 6H); 4.18 (s, 4H); 7.26-7.36 (d, 4H); 7.72-7.76 

(d, 4H). 

Ditosylate of Diethylene Glycol (66) was obtained in 81% yield as 

a white solid witii mp 85-86 ©C (ht. 10 mp 87-87.5 oC). IR (deposit from 

CH2CI2 solution on a NaCl plate): 1352 and 1168 (SO2) cm-1. 1 H 

NMR (CDCI3): 5 2.45 (s, 6H); 3.58-3.63 (m, 4H); 4.06-4.11 (m, 4H); 

7.27-7.37 (d, 4H); 7.75-7.81 (d, 4H). 

Preparation of 2-(2-Tetrahvdroxvpvranoxv)phenol (67) 

To a stirred solution of catechol (16.8 g, 153.0 mmol) and 2 drops 

of concentrated HCl in 30 mL of Et20 at -5 ^C was added a solution of 

dihydropyran (6.43 g, 76.5 mmol) in 10 mL of Et20 over a period of 30 

min with a syringe pump. Upon completion of the addition, the reaction 

mixture was stirred for 1 h at -5 ^C. The reaction mixture was quenched 

with 5% aqueous NaHC03 (50 mL) and the Et20 was evaporated in 

vacuo. The aqueous layer was extracted witii CH2CI2 (2 X 100 mL) and 

the combined extracts were washed witii 5% aqueous NaHC03 (2 X 50 
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mL) and H2O (2 X 100 mL), dried over Na2S04, and evaporated in 

vacuo to give a yellowish oil. The oil was chromatographed on sihca gel 

witii CH2CI2 as eluent to give 8.68 g (58%) of a pale yellow oil (ht.H 

50%) IR (deposit from CH2CI2 solution on a NaCl plate): 3406 (0-H) 

cm-1. 1H NMR (CDCI3): 5 1.40-2.11 (m, 6H); 3.51-3.67 (m, IH); 3.87-

4.12 (m, IH); 5.08-5.24 (br s, IH); 6.58 (s, IH); 6.71-7.17 (m, 4H). 

General Procedure for the Svnthesis of 
Di(hvdroxvphenoxv)alkanes 68 and 69 

To a solution of the mono-protected catechol 67 (7.40 g, 38.13 

mmol) in dry DMF (200 mL) was added tert-BuOK (4.48 g, 40.00 mmol) 

under nitrogen and the mixture was stirred for 1 h at 80 ^c. To the 

reaction mixture was added a solution of the appropriate ditosylate (17.30 

mmol) in dry DMF (50 mL) over a period of 6 h with a syringe pump. 

Upon completion of the addition, the reaction mixture was stirred for 1 d 

at 80 OC. The solvent was evaporated in vacuo and the residue was 

dissolved in CH2CI2 (200 mL). The solution was washed with H2O (3 X 

50 mL), dried over MgS04, and evaporated in vacuo. The residue was 

dissolved in 200 mL of MeOH-CH2Cl2 (1:1, v/v) and concentrated HCl 

(5 drops) was added. The reaction mixture was stirred overnight at room 

temperature. The solvents were evaporated in vacuo and the residue was 

dissolved in CH2CI2 (100 mL). The solution was washed witii H2O (3 X 

50 mL), dried over MgS04, and evaporated in vacuo to give a pale yeUow 

solid. The solid was recrystaUized from benzene to give the desired 

product. 
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l,2-Di(2*-hydroxyphenoxy)ethane (68) was obtained in 61% yield 

as a white solid witii mp 116-117 oc (ht.l2 119-120 oC). IR (deposit 

from CH2CI2 solution on a NaCl plate): 3411 (0-H) cm'l. 1 H NMR 

(CDCI3): 5 4.41 (s, 4H); 5.63-5.90 (br s, 2H); 6.78-7.05 (m, 8H). 

l,5-Di(2*-hydroxyphenoxy)-3-oxopentane (69) was obtained in 

57% yield as a white sohd witii mp 83-84 ©C (ht.l3 84-86 oC) IR 

(deposit from CH2CI2 solution on a NaCl plate): 3436 (0-H) cm-1. 1 H 

NMR (CDCI3): 5 3.77-3.87 (m, 4H); 4.15-4.26 (m, 4H); 6.85-6.96 (m, 

8H); 7.57 (br s, 2H). 

General Procedure for the Svnthesis of Acvclic Polvether 
Diphosphonic Acid Monoethvl Esters 71 and 72 

After removal of the mineral oil from NaH (2.13 g, 60% dispersion 

in mineral oil, 53.25 mmol) by washing with dry pentane under nitrogen, a 

solution of the di(hydroxyphenoxy)alkane (9.66 mmol) in dry DMF (200 

mL) was added with a dropping fimnel over a period of 2 h at room 

temperature. To the reaction mixture was added a solution of 5.80 g 

(23.21 mmol) of iodomethylphosphonic acid monoethyl ester 14 (70) in 30 

mL of dry DMF with a syringe pump over a period of 5 h at room 

temperature. The mixture was refluxed for 2 d under nitrogen and cooled 

to 0 OC. Ice-water was added carefiilly to destroy the unreacted NaH and 

the solvent was evaporated in vacuo. The residue was dissolved in 100 

mL of H2O and the alkahne aqueous solution was washed with Et20 (5 X 

50 mL), acidified witii 6 N HCl to pH 1, and extracted witii CH2CI2 (2 X 

100 mL). The combined extracts were dried over MgS04 and evaporated 

»«v 
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in vacuo to give a yellowish sohd which was recrystaUized from 100 mL 

of MeOH-Et20 (1:9, v/v) to give the desired product. 

l,2-[2*-(Oxymethylphosphonyl)phenoxy]ethane Di(monoethyl) 

ester (71) was obtained in 56% yield as a pale yeUow sohd with mp 136-

137 OC. IR (deposit from CH2CI2 solution on a NaCl plate): 3600-1600 

(PO-H, witii broad maxima at 3449, 2232 and 1650); 1233 (P=0); 1051 

(C-0) cm-1. 1 H NMR (CDCI3): 5 1.02-1.30 (t, 6H); 3.99-4.45 (m, 12H); 

6.88-7.08 (m, 8H); 8.08-8.15 (br s, 2H). Anal. Calcd. for 

C20H28Ol0P2- C, 48.99; H, 5.76. Found: C, 48.79; H, 5.77. 

l,2-[2*-(Oxymethylphosphonyl)phenoxy]-3-oxopentane Di(mo-

noethyl) ester (72) was obtained in 74% yield as a pale yellow sohd with 

mp 132-133 OC. IR (deposit from CH2CI2 solution on a NaCl plate): 

3600-1600 (PO-H, witii broad maxima at 3464, 2239 and 1650); 1258 

(P=0); 1044 (C-0) cm-1. I R NMR (CDCI3): 5 1.27-1.38 (t, 6H); 3.90-

4.29 (m, 16H); 6.88-6.98 (s, 8H); 7.92-8.03 (br s, 2H). Anal. Calcd. for 

C22H32O11P2: C, 49.44; H, 6.04. Found: C, 49.62; H, 6.12. 
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CHAPTER m 

SYNTHESIS OF LARL\T ETHERS 

WITH PROTON-IONIZABLE SIDE ARMS 

Results and Discussion 

Proton-ionizable lariat ethers are crown ethers which possess a 

pendent acidic group. Compared with neutral crown ethers, proton-

ionizable lariat ethers have an important advantage in that the transfer of a 

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

concomitant transport of an aqueous phase anion. 1»2 

Lipophihc lariat ether carboxyhc acids have been utilized for the 

solvent extraction of alkah metal and alkaline-earth metal cations from 

aqueous solution as well as for the transport of these metal cations across 

bulk hquid membranes, polymer-supported hquid membranes, and hquid 

surfactant membranes.3-5 Furthermore, several papers have appeared 

which report the syntheses of polymer resins by condensation 

polymerization of lariat ether carboxyhc acids with formaldehyde in 

formic acid and their apphcations in metal ion separations.̂ '̂  

Svnthesis of Lariat Ether Carboxvhc Acids 

Dibenzo-16-crown-5 Compounds 

In the present research, several series of lariat ether carboxyhc 

acids have been prepared. The synthetic route for the first targeted 

compounds is presented in Scheme 3.1. Treatment of lariat ether alcohols 

75 and 76 with KH and bromoacetic acid in THF gave lariat ether 

carboxyhc acids8,9 52 and 77 in 91 and 72% yields, respectively. In the 

52 
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preparation of these lariat ether carboxyhc acids, KH (35% dispersion in 

mineral oil) was washed with dry pentane then suspended in dry THF. 

This was followed by the addition of an appropriate lariat ether alcohol 

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

deprotonation of the alcohol, a solution of dry bromoacetic acid in dry 

THF was slowly added at room temperature. Stirring for 6 hours at room 

temperature was sufficient to complete the reaction. Acidic workup, 

column chromatography, and recrystallization gave the desired products. 

The use of KH rather than NaH which had been employed previously 10 

gave substantial improvement in the efficiency of this alkylation. 

H OH H OCHjCO^H 

^ V ^ DKH, BrCH2C02H ^ ^ ^ O 

75 H 52 H 
76 C(CH3)3 77 C(CH3)3 

Scheme 3.1. Preparation of Lariat Etiier Carboxyhc Acids 52 and 
77. 

The lipophihc lariat ether alcohol 76 was prepared as shown in 

Scheme 3.2 by adaptation of a reported method for attachment of tert-

butyl groups to the aromatic rings of benzo- and dibenzocrown ethers. ̂  1 

Lariat etiier alcohol 75 was reacted with tert-BuOH and 85% phosphoric 
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acid at 100-110 oc for 5-8 hours foUowed by a basic aqueous workup and 

recrystallization to give the hpophihc lariat ether alcohol 7612 in 930/̂ , 

yield. This yield represents a substantial increase over that for an 

alternative synthetic route to 7612 jn which the tert-butyl groups are 

incorporated prior to ring closure. It should be noted that the initially 

attempted di-tert-butvlation reaction of lariat ether alcohol 75 using 

trifluoroacetic acidic was unsuccessfiil. Mono-tert-butvlated product was 

obtained as a major product in that case. 

H OH 
H OH 

tert-BuOH, 85% phosphoric acid ^y^^P ^ 
••« 

Q o'^^^ 100-110 OC, 8 h 
/ \ /%" o o 

75 76 

Scheme 3.2. Preparation of Di-tert-butylated Lariat Etiier Alcohol 
76. 

Encouraged by the successfiil di-tert-butvlation reaction of lariat 

ether alcohol 75 using phosphoric acid, this reaction was extended to other 

lariat ether alcohols. Under the same reaction conditions, sym-

(hydroxy)dibenzo-19-crown-6 (78) provided tiie hpophilic lariat ether 

alcohol 79 in 91% yield (Scheme 3.3). However, reaction of sym-

(hydroxy)(propyl)dibenzo-19-crown-6 with tert-butyl alcohol and 

phosphoric acid (Scheme 3.4) did not produce the desired product. 

Mono-tert-butvlated lariat ether alcohol 80 was obtained as the major 
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X' 
O O 

H OH 

?^ 
^O ON, tert-BuOH, 85% phosphoric acid ŵ-̂ ^ -Q Q-

^O O^ 100-110 OC, 8 h ^ C J 
L I O O'^ 

78 79 

Scheme 3.3. Apphcation of the tert-Butylation Reaction to Lariat 
Etiier Alcohol 78. 

product. This partial reaction may result from preorganization of the 

metal ion binding site in 5);/w-(hydroxy)(propyl)dibenzo-19-crown-6 as 

shown in Figure 3.1. The geminal propyl group on the three-carbon 

bridge is expected to direct the alcohol group toward the polyether cavity, 

resulting in intramolecular hydrogen bonding between the hydroxyl group 

C3H, OH C3H,. OH 

n.. '?̂  
tert-BuOH, 85% phosphoric acid 

-^ 
|̂ ° °^ 100-110 OC, 8 h X^I^O O 

^O O^ ^0 O^ 
I I 

80 

Scheme 3.4. Mono-tert-butvlation of 5y/«-(Hydroxy)(propyl)-
dibenzo-19-crown-6. 

and the oxygen atoms in the ring. This hydrogen bonding will decrease 

donation of electron density from the non-bonding electrons on the aryl-

alkyl ether oxygen atoms to the aromatic rings. Therefore, the two 
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benzene rings in 5ym-(hydroxy)(propyl)dibenzo-19-crown-6 will have a 

lower electron density than those of the analogous lariat ether alcohol 78, 

resulting in a lower reactivity for electrophihc aromatic substitution. 

,0 oo 
i 

H 

X o^ 

Figure 3.1. Preorganization of the Binding Sites in sym-
(Hydroxy)(propyl)dibenzo-l 9-crown-6. 

The next objective was to prepare analogues of lariat ether 

carboxyhc acids 52 and 77 which had an alkyl group on the three-carbon 

bridge. The synthetic route is summarized in Scheme 3.5. By Jones 

oxidation, 14 lariat ether alcohol 75 may be converted into sym-QgxXo)-

dibenzo-16-crown-5 (81)^ in 50-70% yields. In addition to the modest 

yield, the Jones oxidation of lariat ether alcohol 75 involves a time-

consuming workup procedure. 15 Therefore, another oxidation method 

was attempted for this reaction. Swem oxidation l̂  of lariat ether alcohol 

75 gave a 95% yield of crown ether ketone 81 and the workup procedure 

was much simpler than that of the Jones oxidation. To see if this method 

could be extended to other lariat ether alcohols, a series of oxidation 

reactions was performed. Results of the Swem oxidations are presented 

in Table 3.1. As can be seen, the Swem oxidation for other lariat ether 

alcohol derivatives was also found to work effectively. Tlius the Swem 
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oxidation is found to be superior to the Jones oxidation for oxidation of 

lariat ether alcohols due to its higher yields and simpler workup procedure. 

Reaction of crown ether ketones 81 and 82 with Grignard reagents 

in THF provided lariat etiier alcohols 87-9017-19 in 94, 96, 53, and 92% 

yields, respectively. Apparentiy the two tert-butyl groups in crown ether 

ketone 82 sterically hindered the approach of the Grignard reagent to the 

R OH 

O O 

Swern 
ox ida t i on 

R' R 

O 

O o 

1)RMgBr 
THF, r e f l u x 

2)NH/.C1 
I ^ 

75 
76 

R 
H 
H 

K 
H 
C(CH3)3 

K 
81 H 
82 C(CH3)3 

R 

R OH 

O Ô  R' 

1 ) K H , BrCH2C02H 

THF, r t , N2 

2 ) H 3 0 + 
•R 

R OCH2CO2H 

O O R ' 

R 
87 CH3 
88 C3H7 
89 C3H7 
90 C10H21 

E! 
H 
H 
C(CH3)3 
H 

R K 
91 CH3 H 
92 C3H7 H 
93 C10H21 H 

Scheme 3.5. Syntiietic Route for Lariat Etiier Carboxyhc Acids 
91-93. 
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Table 3.1. Comparison of Swem Oxidation Yields with Those for Jones 

Oxidation. 

o 
n R 

R P Ov R 

hi 
81 1 H 
82 1 C{CH3)3 

83 2 H 
84 2 C(CH3)3 

0 0 ^ ^ ^ ^ 0 0 

0 P 0(„ „ a::)o 
85 86 

Crown 
Ether Ketone 

81 
82 
83 
84 
85 
86 

Jones Oxidation 
Yield (%) 

70 
NAa 
49b 
NA 
65C 
56ci 

Swem Oxidation 
Yield (%) 

95 
77 
88 
80 
95 
82 

^NA = non-available. 
^Reference 20. 
CReference21. 
^̂ Reference 22. 

carbonyl carbon reaction center giving a lower yield of 89. UsuaUy the 

Grignard reagent was prepared from the reaction of the appropriate alkyl 
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bromide with magnesium turnings dissolved in dry THF followed by 

addition of crown etiier ketones 81 and 82 in dry THF. The reaction 

solvent was THF rather than Et20, a more customary solvent for Grignard 

reactions, due to the greater solubihty of the crown ether ketones in THF. 

However, for tiie preparation of lariat ether alcohol 87, a mixture of THF 

and Et20 (1:1) was used since the low solubihty of methyhnagnesium 

iodide in THF alone resulted in a low yield from the Grignard reaction. 

Alkylation of lariat ether alcohols 87, 88, and 90 with KH and 

bromoacetic acid in THF foUowed by acidic workup, column 

chromatography, and recrystallization gave the corresponding lariat ether 

carboxyhc acids 91-9317,19,23 in g2, 92, and 91% yields, respectively. 

To investigate the interactions of anionic forms of lariat ether 

carboxyhc acids prepared in this study with alkah metal cations, titration 

calorimetry in 90% aqueous MeOH has been performed.24 One aspect of 

this investigation involved a series of 5j'/w-(R)dibenzo-16-crown-5-

oxyacetic acids in which the R group was varied from hydrogen to methyl 

to propyl to decyl. The results are presented in Table 3.2. The 

association constant for Na+ is largest for each of the lariat ether 

carboxyhc acids 52 and 91-93, as would be predicted for the 16-crown-5 

ring size. When a methyl group is introduced on the ring carbon geminal 

to the carboxyhc acid-containing side arm, the association constants for 

Na"*", K"̂ , and Rb"̂  increase while that for Cs"*" drops shghtiy. It is 

noteworthy that the increase in log K is much larger for Na+ than for K"̂  

and Rb+. Thus the methyl group not only gives overall binding 

enhancement for appropriate sized alkah metal cations, but also increases 

the Na"̂  selectivity. Replacement of R = methyl with propyl causes only 
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minor alteration in the association constants. Further elongation of the 

alkyl group produced httle change in interaction with the alkali metal 

cations. 

Table 3.2. hifluence of R Group Variation in 5y/w-(R)dibenzo-16-crown-
5-oxyacetic Acids upon Association Constants for Alkali Metal 
Cation Complexation in 90% Aqueous Methanol. 

R 0CH,C0,H 

o o 

<^J 
logK 

52 
91 
92 
93 

R 
H 
CH3 
C3H7 
C10H21 

Na+ 
3.69 
4.69 
4.46 
4.41 

K+ 
3.27 
3.59 
3.62 
3.31 

Rb+ 
2.63 
3.22 
2.87 
2.90 

Cs+ 
2.43 
2.35 
2.16 
2.32 

In lariat ether carboxyhc acids 52 and 91-93, the side arm bearing 

the acid fimction is attached to the crown ether ring through an ether 

oxygen linkage. A new series proton-ionizable lariat ethers in which this 

linkage is a sulfide sulfiir has now been synthesized to investigate the 

influence of this stmctural variation upon their metal complexation 

abihties. The synthetic route for these new compounds is shown in 

Schme 3.6. 
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Cs p CO o/ 

HSCH2C02Me 

CH3CN, 

55-60 OC 

•R 

K 
75 H 
76 C(CH3)3 

X 
<^j> 

CH^CO^Me 

K 
94 H 
95 C(CH3)3 

C o n c - H C l 
H2O o r a q THF, r e f l u x * 

•R 

H. JSCHjCO^H 

0 O 

K 
96 H 
97 C(CH3)3 

K 
98 H 
99 C(CH3)3 

Scheme 3.6. Synthetic Route for Lariat Ether Thiocarboxyhc 
Acids 98 and 99. 

Mesylation25 of lariat ether alcohols 75 and 76 with MsCl and 

Et3N in CH2CI2 gave lariat ether mesylates 94 and 95 in 96 and 99% 

yields, respectively. Treatment of 94 and 95 with methyl thioglycolate 

and CS2CO326 in CH3CN at 55-60 oC gave lariat etiier esters 96 and 97 

in 68 and 50% yields, respectively. When this couphng reaction was 

initially attempted with compound 94 in DMF at 95-100 oC, a complex 

mixture of products was obtained. Acidic hydrolysis27 of lariat ether 

ester 96 with a catalytic amount of concentrated HCl in H2O at 95-100 oC 
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gave tiie lariat etiier carboxyhc acid 98 in 72% yield. However when tiie 

hydrolysis of lariat etiier ester 97 was attempted under tiie same 

conditions, unreacted lariat etiier ester 97 was recovered quantitatively. 

Presumably tiiis lack of reactivity resulted fi-om tiie higher hpophihcity of 

compound 97. Acidic hydrolysis of lariat etiier ester 97 in aqueous THF 

(1:1) gave tiie desired lariat etiier carboxyhc acid 99 in 55% yield. 

To provide an additional example of a lariat ether carboxyhc acid 

witii a sulfide group joining tiie side arm to tiie polyetiier ring, tiie syntiie-

sis of the thiosahcyhc acid derivative 101 was proposed. The initial 

synthetic approach to this compound is presented in Scheme 3.7. 

Treatment of lariat etiier mesylate 94 witii CS2CO3 and tiiiosahcyhc acid 

H,OC 

O O 

i OMs \ 

1 1 1)CS2C03, thiosalicylic acid X ^ 

DMF, 90-100 OC, N2, 2 d ^^O O^ 

O O' ̂ ^ 2) H3O+ iQl^ . 
/ \ -^ 0 0 

94 101 

Scheme 3.7. Initial Synthetic Route for the Preparation of 101. 

in DMF at 90-100 ^C followed by acidic workup gave an unidentified 

mixture of products instead of the desired product 101. 

Since a direct substitution reaction of lariat ether mesylate 94 with 

tiiiosahcyhc acid did not give the compound 101, alternative synthetic 

routes were proposed (Scheme 3.8). Nucleophihc substitutution reaction 
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of lariat ether mesylate 94 with 2-bromothiophenol and CS2CO3 in DMF 

gave compound 100 in 58% yield. Treatment of 100 with magnesium 

turnings in THF at 80 oC followed by coohng to -78 oC and addition28,29 

CS2CO3, 2-bromothiophenol 

DMF, 90-100 OC, N2, 2 d 

n 
o o 

100 

l)Mg, THF, reflux, 
then cooled to 

-78°C, CO2 

2)H30+ 

l)n-BuLi, C02f 

-78°C, THF 
1 2)H30+ 

101 

l)n-BuLi, TMEDA, 

CO2/ -78°C, THF 

I 2)H30+ 

Scheme 3.8. Alternative Synthetic Routes for Compound 101. 

of CO2 gave only the recovered starting material 100 quantitatively. 

Alternative organometallation of compound 100 witii n-BuLî o at -78 oC 

followed by addition of CO2 did not provide tiie desired product. 

Addition of tetramethyletiiylenediamine to tiie reaction mixture to 

enhance^O the carbanion reactivity was also ineffective. Unreacted 

reactant 100 was recovered quantitatively. Palladium-catalyzed 

carboalkoxylation, as reported by Heck,3l was also attempted but only 

unconsumed reactant 100 was recovered. The reason for the low 

reactivity of 100 toward organometalhc compounds is unclear, but the 
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sulfiir atom is suspected of deactivating this compound for halogen-metal 

exchange. 

Dibenzo-19-crown-6 Compounds 

To mvestigate the effect of ring size variation upon metal ion 

complexation by the lariat ether carboxyhc acids, a homologous series of 

5'>'/w-(R)dibenzo-19-crown-6-oxyacetic acids has been synthesized. The 

synthetic route for tiie first targeted compounds in which R = hydrogen is 

illustrated in Scheme 3.9. 

Treatment of catechol with KOH and l,2-bis(2-chloroethoxy)ethane 

in H2O gave the acychc diol 102^2 in 50% yield. Ring formation by 

reaction of the diol 102 with KOH and epichlorohydrin in H2O provided a 

57% yield of lariat ether alcohol 78.32 Alkylation of lariat ether alcohol 

78 with tert-butyl alcohol and phosphoric acid gave the hpophihc lariat 

ether alcohol 79 in 91% yield. Lariat ether alcohols 78 and 79 were 

transformed into the corresponding lariat ether carboxyhc acids 103 and 

104 in 79 and 55% yields, respectively, by reaction witii NaH and 

bromoacetic acid in THF at room temperature. However, the attempted 

alkylation for compound 103 under tiie same conditions but witii KH 

instead of NaH was observed to be less effective. A lower yield of 103 

was obtained. 

To probe tiie influence of adding a geminal alkyl group to tiie tiiree-

carbon bridge in lariat etiier carboxyhc acids 103 and 104, a series of ̂ ym-

(alkyl)dibenzo-19-crown-6-oxyacetic acids was prepared. Lariat etiier 

alcohol precursors 105-110 for tiie targeted lariat etiier carboxyhc acids 

were synthesized as shown in Table 3.3. Grignard reactions of the crown 
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OH 

OH 

+ CI O O CI -TT-rr ST ., ^ » 
H2O, reflux, 1 d 

H OH 

KOH, 
epichlorohydrin 
H2O, 50 OC, 
overnight 

i^ 
c J ;o o 

o o 

78 

DNaH, BrCH2C02H, 

THF, rt, N2 

2)H30+ 

OH HO 

0 0 

tert-BuOH, 
85% phosphoric 
a c i d 

1 0 0 - 1 1 0 OC, 8 h 

102 

H OH 

^ 

o o 

o o 
C J 

79 

H. OCH2CO2H 

o o 

D N a H , 
BrCH2C02H, 

THF, r t , N2 

2)H30+ 

•R' r^ S R' C«»3 

103 H 
104 C(CH3)3 

Scheme 3.9. Synthetic Route for the Preparation of Lariat Ether 
Carboxyhc Acids 103 and 104. 

ether ketones 83 and 84 with the appropriate alkyhnagnesium bromide in 

dry THF gave the corresponding lariat ether alcohols 105-110 in 76-90% 

yields. For the preparation of lariat ether alcohol 105, the solvent was 

THF-Et20 (1:1) since only a low yield of this compound was obtained in 

THF. Presumably this is due to a low solubihty of methyhnagnesium 

iodide in THF. This reaction sequence for the preparation of lariat ether 
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Table 3.3. Grignard Reactions of Crown Ether Ketones 83 and 84 with 

Alkylmagnesium Bromides. 

0 

'R \ ] ^ ' 

1 1 

K 
83 H 
84 C(CH3)3 

Compound 
105 
106 
107 
108 
109 
110 

1)RMgBr 
THF, r e f l u x , 

2)NH4C1 

105 
106 
107 

R 
CH3 
C2H5 
C3H7 

N2 

R 
H 
H 
H 

R OH 

- & A 
'R < " ^ ^ R' 

1 1 
R 

108 C4H9 
109 C3H7 
110 CgHn 

Yield (%) 
76 
83 
78 
73 
90 
81 

R 
H 
C(CH3)3 
H 

alcohols 105-110 gave higher yields than tiie reported alternative 

methodic in which the geminal alkyl group is introduced concomitant witii 

the ring closure. 

An attempted one-step alkylation of lariat ether alcohol 105 with 

NaH or KH and bromoacetic acid gave only recovered starting material 

(Scheme 3.10). This necessitated attachment of tiie carboxyhc acid-

containing side arm by a two-step reaction sequence. 

Reactions of lariat ether alcohols 105-108 witii NaH and methyl 

bromoacetate33 jn THF gave the corresponding lariat etiier esters 111-114 
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CH,v OCH2CO2H 

\p^ DNaH or KH, BrCHoCOoH .x^w" ^ 

. oP THE, rt, N, ^ ^ X » © ^ ^ 

I I 

105 

Ô O' 
I I 

Scheme 3.10. Attempted One-Step Alkylation of Lariat Ether 
Alcohol 105 with NaH or KH and Bromoacetic Acid. 

as shown in Table 3.4. By the same procedure but with ethyl 

bromoacetate as the alkylating agent, lariat ether ester 115 was obtained 

from lariat ether alcohol 109. When methyl 5ym-(alkyl)dibenzo-19-

crown-6-oxyacetate compounds 111-114 were contaminated with a small 

amount of acidic or basic impurities, they were often found to decompose 

even at room temperature due to the unstabihty of the methyl ester 

fimction under such conditions. To avoid this problem, an ethyl ester 

group, which has greater stabihty under acidic and basic conditions, was 

utilized for compound 115 by use of ethyl bromoacetate as the alkylating 

agent. Yields for the alkylation reactions were greater than 81% in all 

cases except with 115 for which the yield was only 65%. Perhaps the 

tert-butyl groups in 109 stericaUy hindered approach of the hpophihc lariat 

ether alkoxide anion to the alkylating agent, giving a lower yield of 115. 

Hydrolysis33 of lariat ether esters 111-115 witii NaOH in H2O foUowed 

by acidic workup gave lariat ether carboxyhc acids 116-120. The results 

for these hydrolysis reactions are shown in Table 3.5. 
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Table 3.4. Preparation of Lariat Etiier Esters 111-115 from tiie 

Corresponding Lariat Ether Alcohols 105-109. 

R OH 

1 1 

R 
105 CH3 
106 C2H5 
107 C3H7 
108 C4H9 
109 C3H7 

K 

N a H , 

BrCH; 

T H F , 

H 
H 
H 
H 
C(CH3)3 

Compound 
111 
112 
113 
114 
115 

R OCHjCO^Y 

BrCH2C02Me o r ^^^ 

r t , N2 

111 
112 
113 
114 
115 

^0 
1 

R R' 

1 

Y 
CH3 H CH3 
C2H5 H CH3 
C3H7 H CH3 
C4H9 H CH3 
C3H7 C(CH3)3 C2H5 

Yield (%) 
94 
88 
85 
81 
65a 

apor this compound, ethyl bromoacetate was used as the alkylating 
agent. 

Association constants for interactions of the anionic forms of 

dibenzo-19-crown-6 lariat ether carboxyhc acids 103 and 116-119 with 

alkali metal cations in 90% aqueous methanol were determined by titration 

calorimetry-24 The results are shown in Table 3.6. The association 

constant for K+ is the largest for all of the lariat ether carboxyhc acids, as 

would be anticipated for the 19-crown-6 ring size. When a methyl group 

is introduced on the crown ether ring carbon geminal to the carboxyhc 
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acid-containing side arm, the association constants for Na+, K"̂ , Rb"*", and 

Cs+ increase. However, tiie increase in log K for K+ is much smaller 

Table 3.5. Preparation of Lariat Etiier Carboxyhc Acids 116-120 from 
the Corresponding Lariat Etiier Esters 111-115. 

R OCH2CO2Y 

..̂ : :R. 
^0 0"^ 

1 1 

R R 
111 CH3 H 
112 C2H5 H 
113 C3H7 H 
114 C4H9 H 
115 C3H7 C(CH3)3 

Compound 
116 
117 
118 
119 
120 

l ) N a 0 H 

HjO, reflux "• 
2)H30+ 

Y 
CH3 
CH3 
CH3 
CH3 
C2H5 

R OCH2CO2H 

^ 0 O'^ 
1 1 

R R 
116 CH3 H 
117 C2H5 H 
118 C3H7 H 
119 C4H9 H 
120 C3H7 C(CH3)3 

Yield (%) 
69 
58 
71 
64 
67 

than that for Na"̂  and for Rb"̂  and is shghtiy smaUer than that for Cs" .̂ 

Thus, although the methyl group gives overall binding enhancement for 

appropriately sized alkah metal ions, the K"̂  selectivity actuaUy decreases. 

This is quite different than the situation for dibenzo-16-crown-5-oxyacetic 

acids described earher (Table 3.2). When R is changed from methyl to 
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etiiyl, stability constants for Na+, K+, and Rb+ drop shghtiy, whereas tiiat 

for Cs+ does not change. Further elongation of tiie alkyl group produced 

little change in interactions with the alkali metal cations. 

Table 3.6. Influence of R Group Variation in 53//w-(R)dibenzo-19-crown-
6-oxyacetic Acids upon Association Constants for Alkali Metal 
Cation Complexation in 90% Aqueous Methanol. 

^ 

0CH,C0,H 

O O 

O O C J 

103 
116 
117 
118 
119 

R 
H 
CH3 
C2H5 
C3H7 
C4H9 

Na+ 
2.72 
3.61 
2.90 
2.96 
2.93 

logK 
K+ 
4.07 
4.47 
4.02 
4.08 
4.05 

Rb+ 
3.45 
4.15 
3.65 
3.76 
3.50 

Cs+ 
2.92 
3.36 
3.36 
3.35 
3.24 

Tribenzo-19-crown-6 Compounds 

To investigate the influence of incorporation of a third benzo group 

into the 19-crown-6 ring, the synthesis of a series of 5>//w-(R)tribenzo-19-

crown-6-oxyacetic acids was proposed. The initial synthetic strategy for 

preparation of the tribenzo-19-crown-6 lariat ether carboxyhc acid 128, as 

shown in Scheme 3.11, involved formation of the macrocychc ring and 

incorporation of the fimctional group in a single step. Bisphenol 121, 

which was prepared by Weber and Vogtie^^ in five steps starting from 
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catechol, was reacted witii aqueous KOH and epichlorohydrin^^ to form 

5yw-(hydroxy)tribenzo-19-crown-6 (127). However, tiie yields of lariat 

etiier alcohol 127 were only 21-35% and several steps had been required 

to obtain reactant bisphenol 121. Therefore, an alternative syntiietic route 

H^OH 
OH HO ^ r i 

OH (?-^ \f^ ^ O O 

OH 

O O 
O O 

© "S 
121 

127 

H^ ^OCH,CO,H A 
0 o 

2 ^ ^ 2 ' 

128 

Scheme 3.11. Initial Synthetic Strategy for Preparation of Lariat 
Ether Carboxyhc Acid 128. 

to 128 was devised in which the alcohol group was first incorporated into 

a bisphenol unit followed by cyclization. 

This alternative synthetic route is summarized in Scheme 3.12. 

Mono-protection of catechol with benzyl chloride and KOH in EtOH gave 

2-benzyloxyphenoP6 (122) in 34% yield. Treatment of 122 witii NaOH 

and epichlorohydrin in aqueous THF^^ provided polyether alcohol 123 in 
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OH OBn NaOH, 

KOH, benzyl chloride (f^ epichlorohydrin 
t;tOH, reflux, N2 ^ l ! ^ aq THF, 50 OQ 

OH OH 
1 2 2 

H OH H OH 

H2, 10% P d / C , AcOH / N / ° ' 
- ^ 

EtOH, r t 

1 2 3 124 

a6 OMs H ^ ^ O H 

(126) r X ; 
n OMf? ^ O 0 

127 

H^ ^OCHjCOjH 

O O 

O o 

1 2 8 

©...P 

1)KH, BrCH2C02H 

DMF, 1 2 0 - 1 3 0 OC, N2 ^ ^ Q ^ V THF, r t , N2 

' ' 2 )H30+ 

Scheme 3.12. Synthetic Route for Preparation of Lariat Etiier 
Carboxyhc Acid 128. 

33% yield. Despite several attempts to enhance tiie yield of 123 by 

variation of the epichlorohydrin addition rate, use of KOH instead of 

NaOH, etc., the yield of this step remained low. However, the reactants 
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are readily available and the reaction may be scaled up easily. 

Hydrogenolysis^S of the benzyl groups in 123 with 10% Pd/C in the 

presence of a catalytic amount of acetic acid under 3 atmospheres of 

hydrogen in EtOH gave bisphenol alcohol 124 in 92% yield. 

Dimesylate 126 was prepared in a two-step reaction sequence 

starting from catechol as shown in Scheme 3.13. Treatment of catechol 

with NaOH and 2-cliloroethanol in EtOH gave compound 125^9 in 30% 

yield followed by mesylation40 of the alcohol groups in 125 with MsCl 

and Et3N to give mesylate 126 in quantitative yield. 

Intermolecular cychzation4l by reaction of bisphenol 124 with 

CS2CO3 and dimesylate 126 in DMF gave a 52% yield of ̂ ^/^-(hydroxy)-

tribenzo-19-crown-6 (127). Alkylation of lariat ether alcohol 127 with 

KH and bromoacetic acid in THF provided a 78% yield of 5y/w-tribenzo-

19-crown-6-oxyacetic acid (128). When the alkylation was attempted 

with NaH as the base, the lariat ether alcohol 127 was recovered 

quantitatively. 

OH NaOH, 2 - c h l o r o e t h a n o l 

OH 
Eton, reflux, N2 

<n>H 

125 

Et3N, MsCl 

0 OH ^^2^^2, 
U 0 OC to rt 

0 OMJ 

O OMs 
U 
126 

Scheme 3.13. Preparation of Dimesylate 126. 

To determine if the acid-containing side arm in lariat ether 

carboxyhc acid 128 could be introduced prior to the intermolecular 

cyclization reaction, bisphenol carboxyhc acid 130 was prepared 
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(Scheme 3.14). Alkylation of the alcohol function in compound 123 with 

KH and bromoacetic acid in THF gave compound 129 in 92% yield 

followed by deprotection of the benzyl groups in 129 by catalytic 

hydrogenolysis to produce bisphenol carboxyhc acid 130 in 75% yield. 

H OH H OCH^CO^H 
( ^ 1)KH, j ^ H2,10% P d / C , 

^ ^ O O BrCH2C02H O O ^ - T S O H 

(Qr B THF, r t , . 2 - ^ )0 
BnD OBn 2)H30+ 

123 

EtOH, r t 

H^ OCH,C0,H H^^DCHzCOzH 

X A ^ ^ 0 0. 

P ^ V ^ 1)CS2C03, 126 ^ 

DMF, 100 -110 OC, N2 O O. 

2)H30+ ^ ' ' ^ 

OC.:P 
130 ¥ 

128 

Scheme 3.14. Attempted Synthetic Route for tiie Preparation of 
Lariat Ether Carboxyhc Acid 128 from Bisphenol 
Carboxyhc Acid 130. 

However, reaction of 130 with CS2CO3 and dimesylate 126 in DMF gave 

a complex mixture of products instead of the desired compound 128. 

Although the reason for this resuh was not clear, the carboxyhc acid side 

arm in 130 was suspect. Therefore, the carboxyhc acid side arm in 129 

was converted into another fimctional group. 

Esterification of the carboxyhc acid fimction in 129 with a catalytic 

amount of concentrated H2SO442 g^d EtOH in benzene, as shown in 
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Scheme 3.15, gave ester 131 in 88% yield followed by deprotection of the 

benzyl groups in 131 to give bisphenol ester 132 in 81% yield. The 

attempted cyclization of bisphenol ester 132 witii CS2CO3 and dimesylate 

126 in DMF gave a complex mixture of products instead of the desired 

lariat ether ester 133. Therefore, it was deemed impossible to incorporate 

the acid-containing side arm before the ring closure step. 

H. PCH^COzEt 

Conc-H2S04 , EtOH ^ 6 0 , ^ p-TsOH 
b e n z e n e , r e f l u x , N2 u j T 

H2, 10% Pd /C , 

EtOH, r t 
Brit 

131 

H OCH^CO^Et CS2CO3, 126 f ^ ^ ° ^ 

i f j DMF, 1 0 0 - 1 1 0 OC, N2 ^ * ' y ^ o 0 

^ 9 ?v> 

H^ ^OCHjCOzEt 

ec„.p 
132 133 

Scheme 3.15. Attempted Syntiietic Route for tiie Preparation of 
Lariat Etiier Ester 133 fi-om Bisphenol Ester 132. 

The preparation of 5v/w-(alkyl)tribenzo-19-crown-6 analogues of 

128 in six steps from the polyether alcohol 123 is presented in Scheme 

3.16. Jones oxidation^^ of 123 gave polyetiier ketone 134 in 70% yield. 

Reaction of 134 with propyl- and octyhnagnesium bromides in THF 

produced acyclic polyether tertiary alcohols 135 and 136 in 83 and 54% 

yields, respectively. Perhaps the octyhnagnesium bromide is too bulky to 



76 

easily approach to the carbonyl carbon in 134 which results in a lower 

yield. Catalytic hydrogenolysis removed the benzyl protecting groups 

from 135 and 136 to form bisphenol alcohols 137 and 138 in 82 and 86% 

yields, respectively. Cyclization by reactions of bisphenol tertiary 

alcohols 137 and 138 with CS2CO3 and dimesylate 126 in DMF provided 

35 and 37% yields of lariat ether tertiary alcohols 139 and 140, 

respectively. These cyclization yields are appreciably lower than that 

obtained with the bisphenol secondary alcohol 124 (Scheme 3.12). 

Attempted one-step alkylation of 139 with NaH or KH and bromoacetic 

acid in THF gave only recovered starting material. This necessitated 

attachment of the carboxyhc acid-containing side arm by a two-step 

reaction sequence. Reaction of lariat ether alcohols 139 and 140 with 

NaH and ethyl bromoacetate in THF produced lariat ether esters 141 and 

142 in 89 and 93% yields, respectively. Basic hydrolysis of the lariat 

ether esters gave 63 and 62% yields of 57/w-(propyl)tribenzo-19-crown-6-

oxyactic acid (143) and 5'j;/w-(octyl)tribenzo-19-crown-6-oxyacetic acid 

(144), respectively. 

Although the lariat ether carboxyhc acids 128, 143, and 144 were 

oils, suitable single crystals of the lariat ether tertiary alcohol 139 were 

obtained and the sohd-state structure was determined.43 A computer 

drawing of the structure of 139 is shown in Figure 3.2. The geminal 

propyl group is directed away from the cavity, while the pendent alcohol 

group is directed toward the cavity. There seems to be a hydrogen bond 

hnkage between 023 and 032. Two of the benzene rings in compound 

139 are nearly parallel to each other and a third benzene ring is almost 
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Jones oxidation 
123 *-

R OH 

^ 

*? 2 
Bn Bn 

135 C3H7 

136 CpH 

H2, 10% Pd/C, 

AcOH 
EtOH, rt 

^ s 
Bn Bn 

134 

l)Mg, RBr 
THF, reflux, 1̂2 

2)NH4C1 

8"17 

' ^ ^ 

R 
137 C3H7 

138 ^8^17 

CS2CO3, 126 

DMF, 120-125 OC 

R...̂ ÔH 

NaH 
BrCH2C02Et 

O O' ̂  THF, rt, N2 

R^ ̂ OCH2C02Et n 
o ô  

DNaOH 
H2O, reflux 

2)H3O+ 

R 
139 C3H7 
140 CgHi^ 

R 
141 C3H7 
142 C8H17 

R,^OCH,CO,H 

o ô  

143 C3H7 

144 C8H17 

Scheme 3.16. Syndietic Route for Lipophilic 5y/w-(R)tribenzo-19-
crown-6-oxyacetic Acids 143 and 144. 
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perpendicular to the other two. The rigid benzo groups appear to hold the 

cavity of the molecule open. 

^3^7, .OH 

0 0 

139 

Figure 3.2. Sohd-State Structure for 5[y/w-(Hydroxy)(propyl)-
tribenzo-19-crown-6 (139). 
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A prehminary investigation of incorporation of the tribenzo-19-

crown-6 lariat ether carboxyhc acid 128 into formaldehyde condensation 

resins and the alkah metal cation complexation behavior of the resins has 

been performed.44 Two types of formaldehyde condensation resins were 

prepared from 128. The first was prepared with a longer reaction time, 

producing a higher crosshnking degree, whereas for the other a shorter 

reaction time was utihzed, yielding a lower degree of crosslinking. The 

resin of 128 prepared with the longer reaction time, hereafter referred to as 

the first resin of 128, showed selectivity for K+ over the other alkah metal 

cations m sorption studies. This is consistent with the ring size of a 

tribenzo-19-crown-6 unit. Although the first resin of 128 had K"*" 

selectivity (Table 3.7), the overall sorption level was poor compared with 

those for alkali metal cation sorption by formaldehyde condensation resins 

of other dibenzo lariat ether carboxyhc acids. A possible explanation for 

the low degree of alkah metal cation sorption by the first resin of 128 is 

increased crosslinking within the resin due to the additional aromatic ring 

in the monomer. In an effort to decrease the level of crosshnking, the less 

crosslinked resin of 128, referred to as the second resin of 128, was 

prepared utilizing a short reaction time. The alkah metal cation sorption 

for the second resin of 128 was tested to determine if a decrease in 

polymerization time correlated with an increase in the metal ion sorption. 

The results of this experiment are presented in Table 3.7. The alkali 

metal cation sorption results at pH 10.9 by the two resins of 128 prepared 

with longer and shorter reaction times show a marked enhancement in 

alkali metal cation sorption levels for the latter. Thus these preliminary 
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Table 3.7. Alkah Metal Cation Sorption for the First and Second 

Resins of 128. 

' 2 ^ ^ 2 ' ^v^0CH,C0,H 

0 o 

o o 

128 

First resin of 128 

Second resin of 128 

Alkali-Metal Cation 

Li+ 

0.056 

0.283 

Na+ 

0.067 

0.306 

Sorption, mmol metal/gram of resin 

K+ 

0.113 

0.326 

Rb+ 

0.061 

0.235 

Cs+ 

0.050 

0.249 

results indicate that a lower level of crosslinking increases the capacity of 

the resin to sorb metal cations. 

Benzo-18-crown-6 Compounds 

It has been shown that neutral crown ethers recognize the terminal 

amine group of Deferriferrioxamine B and its metal complexes by host-

guest complex formation.45 This supramolecular assembly also provides 

a mechanism for extracting a highly hydrophihc complex from an aqueous 

phase into a lipophihc phase and therefore has apphcation in trace and 

precious metal recovery. This host-guest chemistry is of interest as a 

working model for molecular recognition of a metal transport complex by 

a membrane. 
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For mvestigation of the influence of changing the host molecule 

from a neutral crown ether to a proton-ionizable lariat ether in this system, 

the synthesis of a new series of monobenzo-18-crown-6-oxyacetic acids 

was undertaken. 

The initial synthetic route for preparation of the lariat ether alcohol 

precursor 155 of the targeted lariat ether carboxyhc acids is presented in 

Scheme 3.17. Treatment of acychc dioH6 145 with tert-BuOK and 

chloroacetic acid in tert-BuOH foUowed by acidic workup gave 90-95% 

yields of compound 146^7 which was used for the next step without 

purification. Esterification of the carboxyhc acid fimctions in 146 with 

EtOH and p-TsOH in benzene, with continuous circulation of the 

condensing vapors through a Soxhlet thimble which contained anhydrous 

Na2S04, provided diester 147^7 in 72% yield. Reduction of the ester 

fimctions in 147 widi LiAfflLj in THF gave diol 14847 in 89% yield. The 

ditosylate 149^8 was prepared in quantitative yield by reaction of 1,2-

bis(2'-hydroxyethoxy)benzene (125) (Scheme 3.13) and TsCl in THF. 

Intermolecular cyclization of diol 148 with KOH and ditosylate 149 in 

aqueous THF provided compound 154̂ 7 in 37-48% yields followed by 

catalytic hydrogenolysis of the benzyl protecting group in 154 to give 11-

hydroxymediyl-2,3-benzo-18-crown-647 (155) in 95% yield. The low 

yield for intermolecular cyclizations of 148 and 149 may be due to the use 

of basic aqueous solution which could cause ditosylate 149 to decompose 

under reflux conditions before it reacts with diol 148. In addition to the 

low yield, the isolation of the desired reaction product was difficult. 

Therefore, an alternative synthetic route to compound 154 was 

developed in which a weaker base and a non-aqueous solvent were used 
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t CH,0Bn 

LiAlH^ 

E t E t 

147 

N-
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Scheme 3.17. Initial Synthetic Route for Lariat Etiier Alcohol 155. 

for the cyclization. This route is presented in Scheme 3.18. Treatment 

of diol 148 with tert-BuOK and chloroacetic acid in tert-BuOH followed 

by acidic workup and column chromatography gave dicarboxyhc acid 150 

in 91% yield. Esterification of the carboxyhc acid functions in 150 with 

EtOH and p-TsOH in benzene gave diester 151 in 90% yield. This 

esterification yield is appreciably higher than that obtained with compound 
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146 (Scheme 3.17). The higher yield probably results fi"om the use of a 

purified dicarboxyhc acid precursor as the reactant. Reduction of the 

ester fimctions in 151 v̂ ddi LiAlH4 in THF gave diol 15249 in 71% yield 

followed by mesylation of the alcohol fimctions in 152 with MsCl and 

Et3N in CH2CI2 to give dimesylate 15349 jn quantitative yield. Ring 

formation by reaction of dimesylate 153 with CS2CO3 and catechol in 

CH3CN gave lariat edier 154 in 56-60% yields. 

CH^OBn p t e r t - B u O K , ^ o 6 

CĤ OBn 

£-Ts0H, 
I ( CICH2CO2H r ^ EtOH ^ 

pO 0-1 tert-BuOH, reflux * [ "1 benzene, 
LOH HO-" 2)H~0+ 0 " "^'^O reflux, N2 

148 150 

CH,0Bn 
CH,0Bn 

< \ i 0 Et^N, MsCl 
O Ô  4 \ J CH2CI2, 
r "I THF, reflux, ̂  r° °^ ^ ^' 

oH h No LoH HQJ 0 °^ t° ̂ ^ OEt OEt ^ 

151 152 

CS2CO3, catechol 

CH3CN, reflux. 

N2 

< ^ 0 ^ CH.OBn 
o o—/^ 
O 0—' 

154 

Scheme 3.18. Alternative Syndietic Route to Lariat Etiier 154. 

For die syndiesis of die first targeted lariat edier carboxyhc acid 

159, the alkylation of lariat edier alcohol 155 was attempted as shown in 
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Scheme 3.19. Treatment of lariat ether alcohol 155 with NaH and 

bromoacetic acid in THF at room temperature foUowed by acidic workup 

gave lariat ether carboxyhc acid 159 in 58% yield. Reaction at reflux 

with ethyl bromoacetate as the alkylating agent also surprisingly gave 

compound 159 in 54% yield, even without use of any ester hydrolyzing 

agents. The carboxylate salt of 159 was detected in the aqueous layer 

during workup before acidification with HCl. Therefore, HCl was not 

responsible for the hydrolysis. Apparently, the use of excess NaH under 

reflux caused the intermediate ester to be hydrolyzed to give the 

carboxylate salt of compound 159. 

Encouraged by the direct formation of lariat ether carboxyhc acid 

159 from lariat ether alcohol 155, the synthesis of lariat ether carboxyhc 

acids with longer side arms by one-step alkylation of 155 with NaH and an 

< ^ 0 ^ CH,OH 
- 0 0 — / 
- 0 0—1 

1 5 5 

D N a H , BrCH2C02H 

THF, r t , N2 

2)H30+ 

D N a H , BrCH2C02Et 

THF, r e f l u x , N2 
2)H30+ 

y ^ o ' ^ CHjOCHjCOjH 

159 

Scheme 3.19. Preparation of Lariat Edier Carboxyhc Acid 159. 

appropriate ethyl bromoalkanoate was undertaken. The reactant ediyl 

bromoalkanoates 156-158 were prepared in quantitative yields by 

esterification of the appropriate commercially available bromoalkanoic 



85 

acid with EtOH and p-TsOH in benzene with continuous circulation of the 

condensing vapors through a Soxhlet thimble which contained anhydrous 

Na2S04. The preparation of these alkylating agents is shown in Scheme 

3.20. 

EtOH, p-TsOH 
Br(CH2)nC0 H _^ E ^ Br (CH;>) ̂ COoEt 

^ benzene, reflux "̂  " ^ 
n 

156 4 
157 7 
158 10 

Scheme 3.20. Preparation of Ethyl Bromoalkanoates 156-158. 

Reaction of lariat ether alcohol 155 with NaH and an appropriate 

ethyl bromoalkanoate in THF at reflux followed by acidic workup and 

purification by simple distiUation to remove impurities gave lariat ether 

carboxyhc acids 160-162 (Scheme 3.21) in 60, 46, and 47% yields, 

respectively. 

^ O ^ CH,0H ^ ^ 0 ^ C H , 0 ( C H , ) n C 0 , H 

O-O O Y DNaH, Br(CH2)nC02Et ^ O K OJ 
7 ° o V THF, r e f l u x , N2 " ^ ^ O ^ 
N / ^ 2)Ho0+ 

n 
1 5 5 160 4 

161 7 
162 10 

Scheme 3.21. Preparation of Lariat Etiier Carboxyhc Acids 160-
162. 
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Formation of supramolecular complexes by interaction of lariat 

ether carboxyhc acids with Deferriferrioxamine B are being investigated 

by Professor A. L. Crumbhss and co-workers at Duke University. ̂ ^ 

Svnthesis of Lariat Ether Phosphonic Acid Monoethvl Esters 

Proton-ionizable lariat ethers with a more acidic pendent fimctional 

group, such as a phosphonic acid, would allow metal ion separations to be 

performed in lower pH environments than those in which lariat ether 

carboxyhc acids are ineffective. For the study of metal complexation 

behavior of proton-ionizable lariat ethers and their polymers in more 

acidic environments, synthesis of proton-ionizable lariat ethers bearing the 

more acidic phosphonic acid and phosphonic acid monoethyl esters was 

undertaken. 

The synthetic route for preparation of lariat ether phosphonic acid 

monoethyl esters 164-167 is presented in Scheme 3.22. The method used 

in this work to prepare compounds 164-167 is similar to a previously 

employed method.̂ l Iodomethylphosphonic acid monoethyl ester52 (70) 

was used as an alkylating agent for reaction with lariat ether alcohols 75, 

87, 90, and 163.53 Reaction of lariat edier alcohols 75, 87, 90, and 163 

with NaH and 70 in THF at room temperature followed by acidic workup 

gave lariat ether phosphonic acid monoethyl esters 164-16751 in 82-89% 

yields. 

To determine if the introduction of more hpophihc cyclohexano 

rings into a crown ether has an influence upon metal ion complexation, the 

synthesis of a new series of lariat ether phosphonic acid monoethyl esters 

170 and 171 was undertaken (Scheme 3.23). The lariat ether alcohol 
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<!,„ 
70 
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R Yield (%) 
H 88 
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CgHn 82 

R 
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90 C10H21 
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Scheme 3.22. Synthetic Route for Preparation of Lariat Ether 
Phosphonic Acid Monoethyl Esters 164-167. 

precursors 168 and 169 of the compounds 170 and 171 were prepared by 

another member of the Bartsch Research Group. 54 Reaction of lariat 

ether secondary alcohols 168 and 169 with NaH and 70 in THF followed 

o 
H OH H PCH2P-0Et 

168 H 170 H 
169 C(CH3)3 171 C(CH3)3 

Scheme 3.23. Preparation of Lariat Ether Phosphonic Acid 
Monoethyl Esters 170 and 171. 
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by acidic workup provided lariat ether phosphonic acid monoethyl esters 

170 and 171 in 77 and 45% yields, respectively. 

A new series of 5'3//w-(alkyl)dibenzo-19-crown-6 phosphonic acid 

monoethyl esters 172-176 was also prepared to investigate the ring size 

effect upon metal ion complexation. The synthetic route for these 

compounds is presented in Scheme 3.24. 

Alkylation of lariat etiier alcohols 78, 79, 107, 109, and 110 widi 

NaH and 70 in THF at room temperature followed by acidic workup gave 

corresponding lariat ether phosphonic acid monoethyl esters 172-176 in 

R OH 

0~::n 
.R ^° °^ 

^0 0^ 
1 1 

R 
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110 CgHi7 

R' 

S! 
H 
C(CH3)3 
H 
C(CH3)3 
H 

D N a H , 

THF, 

2)H30+ 

7 0 

rt. N2 

172 
173 
174 
175 
176 

- ^ 
' I 

R 
H 
H 
C3H7 
C3H7 
CgHi7 

R OCHoP-OEt 

.̂ : l^. C J ' 
^0 0 

1 1 

R Yield (%) 
H 87 
C(CH3)3 62 
H 36 
C(CH3)3 57 
H 11 

Scheme 3.24. Preparation of Lariat Edier Phosphonic Acid 
Monoetiiyl Esters 172-176. 

1 l-g7% yields. The unexpectedly low yields of compounds 174 and 176 

indicate that attack of die lariat ether alkoxide on die alkylatmg agent 70 is 

more sterically affected by the alkyl groups geminal to the side arm than 
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die tert-butyl groups on die benzene rings. Alkylation of lariat etiier 

alcohol 79 widi NaH and 70 at reflux (Scheme 3.25) gave lariat edier 

phosphonic acid 177 in 64% yield instead of die corresponding phospho

nic acid monoetiiyl ester 173. Apparently at die higher temperature, die 

excess NaH cleaved phosphonic acid monoethyl ester 173 to give 

compound 177. 

o 
\ OH H OCHoP-OH 

0 O v . ^ ^ 0 0 
" ' ^ DNaH, 70 ^ • -

Q o ' ^ ^ ™ ^ ' r e f l u x , N2 

C 1 2)H3O+ 
^0 0^ 

L_J 

79 177 

Scheme 3.25. The Unexpected Alkylation Product 177 from Lariat 
Edier Alcohol 79. 

Lariat ether phosphonic acid monoethyl esters 164 and 172 have 

been incorporated into formaldehyde condensation polymers and heavy 

metal ion sorption of these polymers has been studied.̂ ^ The Pb2+ 

sorption results for the resins formed from 164 and 172 are shown in 

Figure 3.3. A parameter which can be used to measure the relative 

binding strengths and selectivities in ion-exchange resins is the pH at 

which half of the total metal ions have been sorbed onto the resin. The 

lower the pH for 50% sorption, the stronger is the binding of the metal ion 

to the resin. For the resins formed from 164 and 172, the pH values for 
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Figure 3.3. Percent of Pb2+ Sorbed versus die Equilibrium pH for 
Formaldehyde Condensation Resins Formed from 164 
and 172. 
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50% Pb2+ sorption are 1.8 and 1.1, repectively. Thus the resin formed 

from 172 exhibits stronger bindmg v t̂h Pb2+ than does the resin formed 

from 164. Two factors may be contribute to the stronger binding of Pb^^ 

v t̂h the resin prepared from 172. First, there is one more oxygen donor 

atom in the crovm ether rings for resin which increases the charge-dipole 

electrostatic attraction. Second, the crown ether ring size is larger so 

there is more room to accommodate the metal cation. 

Svnthesis of Lariat Ether Sulfonic Acids 

Lariat ether carboxyhc acids are effective extractants for metal ions 

from neutral and basic aqueous solutions. However these compounds 

cannot be utilized to extract metal ions from acidic aqueous solution. 

This limitation can be overcome by introducing a more acidic proton-

ionizable group into the proton-ionizable lariat ether. One of the possible 

acidic fimctions is a sulfonic acid which is much more acidic than a 

carboxyhc acid.̂ *̂̂ ^ 

A new series of lariat ether sulfonic acids has been synthesized. 

The synthetic route for preparation of lariat ether sulfonic acids 187-189 in 

a four-step reaction sequence starting from the corresponding lariat ether 

carboxyhc acids 52, 91, and 93 is summarized in Scheme 3.26. 

Esterification47 of the carboxyhc acid fimtion in 52, 91, and 93 v^di 

EtOH and p-TsOH in benzene, with continuous circulation of the 

condensing vapors through a Soxhlet thimble which contained anhydrous 

Na2S04, gave the corresponding lariat ether esterŝ ^ 178-180 in 94-98% 

yields. Reduction47 of die ester fimction in 178-180 witii LiAlH4 in THF 

provided lariat etiier alcohols 181-183 in 81-92% yields. Mesylation4l of 



92 

die alcohol function in 181-183 widi MsCl and EtsN in CH2CI2 gave 

lariat ether mesylates 184-186 in 91-98% yields. Treatment of lariat edier 

mesylates 184-186 with sodium sulJBte59 in aqueous dioxane (1:1) at HO

BO OC followed by workup and purification by recrystallization gave the 

desired products 187-189 in 62, 37, and 30% yields, respectively. 

Aqueous dioxane was used as the solvent to dissolve both the lariat ether 

R OCH2CO2H R OC 

1 1 p-TsOH, r j ^ 

Si , M rl̂ -r" &o 0' 0 Vj a. »- J. J. v»^» ^j \j 

R R 
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CH2CI2, \u{ J O ^q' 
0 OC t o r t ^ 0 o ' ^ ^ 120 

\__0_- / 
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185 CH3 98 
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IH^CO^Et R OCH,CH,OH 

^ ^ r e f l u x ^ 0 0 
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98 181 H 81 
94 182 CH3 92 
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R OCHzCHzSOjNa 

d i o x a n e ^ Q C ) 0 
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188 CH3 37 
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Scheme 3.26. Syndietic Route for Preparation of Sodium Lariat 
Edier Sulfonates 187-189. 
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mesylate and the sodium sulfite. In the previously employed reactions^^ 

for the preparation of other lariat ether sulfonic acid analogs, aqueous 

dioxane was found to be better than aqueous THF presumably due to a 

higher boiling pomt. The geminal alkyl group in compounds 185 and 186 

appears to sterically hinder the approach of sodium sulfite toward reaction 

center, resulting in lower yields of 188 and 189. 

Lariat ether sulfonic acids 190 and 191 with three methylene groups 

in the side arm were synthesized in one-step reaction sequence from lariat 

ether alcohols 75 and 90 as shown in Scheme 3.27. Reaction of lariat 

ether alcohols 75 and 90 with NaH and l,3-propanesultone60 in THF 

followed by workup and purification by recrystallization gave lariat ether 

sulfonic acids 190 and 19161 jn 80 and 89% yields, respectively. 

R OH R OCH^CH^CH^SOjNa 

O 

"̂ O NaH ^ 
J THF, r t , N2 

0 0 

R £ 
75 H 190 H 
90 C10H21 191 C10H21 

Scheme 3.27. Preparation of Sodium Lariat Ether Sulfonates 190 
and 191. 
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Conformational Studies of Proton-ionizable Lariat Ethers 

To provide experimental support for the explanation of the high 

Na"*" selectivity observed in competitive solvent extraction of alkah metal 

cations into chloroform by 57/w-(alkyl)dibenzo-16-crown-5-oxyacetic 

acids, Bartsch and co-workers62,63 conducted systematic conformational 

studies in homogeneous solution by NMR spectroscopy and in the sohd 

state by X-ray diffraction. The assignment of signals, especiaUy Ha, H^, 

and He shown in Figure 3.4, in the ^H NMR spectra of sym-

(alkyl)dibenzo-16-crown-5-oxyacetic acids was deduced from a combi

nation of HOMO COSY, HETERO COSY, spin-spin decouphng, and 

NOE experiments. 

\ 
R OCHCO2H 

Ha^ \ / ^Ha 
Hb T T Kb 

0 A iJ 

0 0 

UJ 
Figure 3.4. Structure of 5[v/w-(Alkyl)dibenzo-16-crown-5-oxyacetic 

Acid. 

In die NMR spectra of die 5ym-(alkyl)dibenzo-16-crown-5-

oxyacetic acids, absorption for the diastereotopic mediylene protons, H^ 

and Hb, on the three-carbon bridge appeared as a four-line AB pattern as 

shown in Figure 3.5. The chemical shift difference in die AB sphtting 

pattern (AVAB)» which provides a quahtative measure of the 
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conformational rigidity of the three-carbon bridge in this crown ether ring 

system, can be calculated by use of the equation64 given in Figure 3.5. 

AvAB = (4C^-J^)^^^ 

Figure 3.5. Principle of the AB Sphtting Pattern in an 1H NMR 
Spectrum. 

For fiirther investigation in a different crown ether system, a confor

mational analysis study of 5;y/w-(alkyl)dibenzo-19-crown-6-oxyacetic acids 

both in solution and in the sohd state was undertaken. The ^H NMR 

spectra of 5'> /̂w-(alkyl)dibenzo-19-crown-6-oxyacetic acids 103, 116, and 

119 in CDCI3 are shown in Figure 3.6. 

For 5>'/w-dibenzo-19-crown-6-oxyacetic acid (103) , the methylene 

protons (He) in the side arm appear as a singlet at 4.50 with a relative area 

2.0. The signal for the four methylene (Ha and H^) and one methine 

proton (H(i) of the three-carbon bridge is hidden in the absorption signal 

for other methylene protons of the crown ether ring. Therefore, the 

diastereotopic methylene protons (Ha and H^) and the methine proton 

(H^) on the three-carbon bridge are not clearly shown. 

For 57/w-(methyl)dibenzo-19-crown-6-oxyacetic acid (116), the 

singlet for the methylene protons in the side arm is shifted downfield 
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Figure 3.6. 300 MHz 1H NMR Spectra of Compounds 103,116, 
andll9inCDCl3. 
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slightly to 4.52. Absorptions for the methylene protons on the three-

carbon bridge appear as a widely spaced AB pattern with a chemical shift 

difference (Av;^) of 103 Hz and a geminal coupling constant of 10 Hz. 

Such non-equivalence of the diastereotopic methylene protons demon

strates that their interconversion by inversion of the three-carbon bridge is 

slow on the NMR time scale. Therefore, introduction of a geminal 

methyl group into the three-carbon bridge of 103 results in a marked 

change in conformational flexibility. 

For 53//w-(butyl)dibenzo-19-crown-6-oxyacetic acid (119), the ^H 

NMR spectrum closely resembles that of 116. The chemical shift differ

ence (AVAB) is 112 Hz and the geminal coupling constant is 10 Hz. 

Therefore the increase of the size of the geminal alkyl group from methyl 

to butyl produces only small changes in the AB pattern which indicate a 

similar level of conformational rigidity. 

Additional information on the conformations of 5>//w-(alkyl)dibenzo-

19-crown-6-oxyacetic acids is provided by the sohd state structures for 

compounds 117 and 118 which were determined by Professor N. Kent 

Dalley of Brigham Young University. Computer drawings of sohd-state 

structures for 5)//w-(ethyl)dibenzo-19-crown-6-oxyacetic acid (117) and 

5;v/w-(propyl)dibenzo-19-crown-6-oxyacetic acid (118) are shown in 

Figure 3.7. The carboxyhc acid groups in compounds 117 and 118 are 

positioned over the crown ether ring cavities. There seems to be an 

intramolecular hydrogen bonding between the carboxyhc acid proton in 

the side arm and the ether oxygen atoms in the ring cavity. This 

intramolecular hydrogen bonding will enhance the conformational rigidity 

of the lariat ether ring and thereby increase the degree of preorganization 
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Figure 3.7. Solid-State Structures for Compounds 117 and 118. 
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of die binding sites to give die K+ selectivity observed for die alkah metal 

cation association constants (Table 3.6). 

To probe the influence of solvent variation upon the intramolecular 

hydrogen bonding for 5>;m-(alkyl)dibenzo-19-crown-6-oxyacetic acids 

116-119, a 1 H NMR conformational study in benzene-d6 and DMS0-d6 

was undertaken. Results are presented in Table 3.8. As die geminal 

alkyl group is varied from metiiyl to ediyl to propyl to butyl, only small 

changes in AVAB are observed in benzene-d6 and DMS0-d6. This 

demonstrates that the conformational rigidity caused by intramolecular 

hydrogen bonding is insensitive to the chain lengdi of die alkyl group. On 

the other hand, the influence of solvent variation upon the intramolecular 

hydrogen bonding is marked. When the solvent is changed from benzene-

d6 to DMS0-d6, the Av^B value, which is a measure of the 

Table 3.8. Influence of Solvent Variation on Conformational Rigidity in 
57W-(Alkyl)dibenzo-19-crown-6-oxyacetic Acids 116-119. 

Compound 
116 
117 
118 
119 

R 0CH2C0,H 

^^ 0 

1 

R 
CH3 
C2H5 
C3H7 
C4H9 

0^ 
1 

AVAR rHẑ  in 
Benzene-d6 

137 
140 
142 
134 

DMSO 
23 
21 
16 
17 

-d6 



100 

conformational rigidity, decreases markedly. This trend may be readily 

rationalized by considering a competition between intramolecular and 

intermolecular hydrogen bonding of the carboxyhc acid fimction. With 

the carboxyhc acid group oriented over the crown ether cavity, it is well 

positioned for intramolecular hydrogen bonding with the ether oxygen 

atoms in the ring cavity. Such intramolecular hydrogen bonding should 

increase the conformational rigidity. Benzene-d^ is neither a hydrogen 

bond donor nor acceptor and should facihtate intramolecular hydrogen 

bonding. On the other hand, DMSO-d^ is a hydrogen bond acceptor. A 

proton acceptor solvent will form an intermolecular hydrogen bond with 

the carboxyhc acid proton, reducing its propensity for intramolecular 

hydrogen bonding. In agreement, the AVAB values for compounds 116-

119 are much larger in benzene-d^ than in DMSO-d^. 

To probe the level of intramolecular hydrogen bonding in the 

preorganized structure of the three-carbon bridge in 5';//w-(methyl)dibenzo-

16-crown-5-oxyacetic acid (91), a ^H NMR conformational study of 

structurally related compounds was undertaken in benzene-d^ and in 

DMS0-d6. Results are shown in Table 3.9. 

Lariat edier alcohols 87 and 182 exhibit a narrow AB pattern for die 

methylene group protons on the three-carbon bridge. The chemical shift 

difference values (AVAB) for compound 87 in benzene-d6 and DMSO-d^ 

are 30 and 40 Hz, respectively. This shows that a potential contribution 

of intramolecular hydrogen bonding in compound 87 is unimportant. 

However, when the side arm is elongated in compound 182, the chemical 

shift values are much larger in benzene-d^ than in DMSO-d^. The Av^B 



101 
Table 3.9. Influence of R Group Variation on Conformational Rigidity in 

5y/w-(Methyl)dibenzo-l 6-crown-5 Derivatives. 

CH3. OR 

o o 

0 0 

Compound 
87 

182 
179 
185 
91 

R 
H 
CH2CH2OH 
CH2C02Et 
CH2CH2OMS 
CH2CO2H 

AVAR mv^ in 
Benzene 

30 
50 

109 
95 

248 

'<k> DMS0-d6 
40 
18 

116 
56 
90 

values in benzene-d6 and DMSO-d^ are 50 and 18, respectively. The 

mcrease of Av^B values in benzene-d^ suggests that the elongation of the 

side arm helps the hydroxyl group to hydrogen bond with the ether oxygen 

atoms of the crown etiier ring. When R is die ediyl ester fimction 

CH2CO2C2H5 and die mesylate fimction CH2CH2OMS, diere is a 

substantial increase in the AVAB values compared with R = CH2CH2OH. 

The AVAB values for compound 179 in benzene-d^ and DMSO-d^ are 

109 and 116, respectively, whereas for compound 185 tiiey are 95 and 56, 

respectively. Apparently attachment of a bulky group to the side arm 

oxygen produces additional conformational restriction for the three-carbon 

bridge. Since intramolecular hydrogen bonding is not possible for an 

ester or mesylate containing side arm, similar Av^B values would be 
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predicted in benzene-d6 and in DMS0-d6 as observed in compound 179. 

There may be other as yet unidentified factors which are responsible for 

the difference of Av^B values in benzene-d6 and DMSO-d^ for mesylate 

185. When R is the carboxyhc acid group CH2CO2H in compound 91, 

the AVAB value increases markedly compared with ester 179 and 

mesylate 185 in benzene-d5, but remains approximately the same in 

DMS0-d6. This result clearly demonstrates that the preorganization of 

the binding site in 5>7w-(methyl)dibenzo-16-crown-5-oxyacetic acid (91) 

mainly arises from intramolecular hydrogen bonding between the 

carboxyhc acid proton in the side arm and one or more oxygen atoms in 

the crown ether ring. 

Finally, to investigate the conformational change which may occur 

upon metal ion complexation, alkali metal lariat ether carboxylates 192-

196 were prepared from compound 93 (Figure 3.8). 

o 
CioH^iv OCH.CO^H C,oH,,. 0 C H , C 0 - M + 

M+ 
93 192 Li+ 

193 Na+ 
194 K+ 
195 Rb+ 
196 Cs+ 

Figure 3.8. Alkali Metal 5;y/w-(Decyl)dibenzo-16-crown-5-oxy-
acetates 192-196 and Their Precursor Compound 93. 
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The 300 MHz 1 H NMR spectra of complexes 192-196 are 

presented in Figure 3.9. It would be predicted tiiat among die alkah metal 

cations, the size of die Na+ should best fit in die 16-crown-5 ring cavity. 

Therefore, Na+ will be compiexed widiin die polyetiier cavity of die 

sodium carboxylate 193 to give a strong nesting complex, which 

introduces rigidity into the system and produces die observed AB splitting 

pattern. On die otiier hand, in die 1 H NMR spectra of hdiium sym-

(decyl)dibenzo-16-crown-5-oxyacetate (192) and potassium sym-

(decyl)dibenzo-16-crown-5-oxyacetate (194), die AB sphtting patterns are 

less well defined. To clarify die structural identification of the AB 

splitting pattern of the diastereotopic hydrogens Ha and Hb on the three-

carbon bridge in both complexes, HOMO COSY spectra were taken in 

CDCI3 and are shown in Figure 3.10 and Figure 3.11. In die HOMO 

COSY spectrum of the hthium carboxylate complex 192, it is evident that 

absorptions for diastereotopic hydrogens Ha or H^ and H^ or Ha at 4.48 

and 3.95 ppm, respectively, are coupled with each other. Similarly, in the 

HOMO COSY spectrum of the potassium carboxylate complex 194, the 

diastereotopic hydrogens Ha or H^ and H^ or Ha at 4.12 and 4.05 ppm, 

respectively, are coupled with each other. Therefore, although the sizes 

of Li"*" and K+ are not well matched with that of 16-crown-5 ring, AB 

sphtting patterns for the diastereotopic protons Ha and Hb are evident 

wliich reveals conformational restriction in the three-carbon bridge for 

both complexes. On the other hand, tiie larger alkali metal cations Rb"*" 

and Cs"̂  are too big to be fit within the polyether cavities of the rubidium 

and cesium carboxylates 195 and 196, respectively. Presumably Rb"*" and 

Cs"*" give weaker perching complexes which make the system more 
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Figure 3.9. Ĥ NMR Spectra for Complexes 192-196. 
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Figure 3.10. HOMO COSY Spectrum of Compound 192 in CDCI3. 
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Figure 3.11. HOMO COSY Spectrum of Compound 194 in CDCI3 
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flexible and resuU in a disappearanc of the AB sphtting pattern as 

observed in dieir 1 H NMR spectra (Figure 3.9). HOMO COSY spectra 

of complexes 195 and 196 gave no indication of AB sphtting patterns. 

Chapter Summary 

The synthesis of several series of proton-ionizable lariat ethers with 

structural variations which include the crown ether ring size, length of the 

linkage which joins the acidic fimction to the crown ether ring, and the 

identity of the proton-ionizable group was undertaken. 

For the lariat ether carboxyhc acids, dibenzo-16-crown-5, dibenzo-

19-crown-6, tribenzo-19-crown-6, and benzo-18-crown-6 compounds 

were synthesized. Investigations of metal ion complexation behavior of 

these lariat ether carboxyhc acids and their polymers, which were 

prepared by their reaction with formaldehyde condensation in formic acid, 

were or are being performed by other members of the Bartsch Research 

Group or by Professor A. L. Crumbhss and co-workers at Duke 

University. 

For the study of metal ion complexation behavior of proton-

ionizable lariat ethers and their polymers in more acidic environments, 

proton-ionizable lariat ethers with more acidic phosphonic acid monoethyl 

ester or sulfonic acid groups were prepared. The lariat ether phosphonic 

acid monoethyl esters have been incorporated into formaldehyde 

condensation polymers and their heavy metal ion sorption behavior 

assessed. ̂ ^ 

Preorganization of the binding site by intramolecular hydrogen 

bonding of the carboxyhc acid fimction in 
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5j;w-(R)dibenzo-19-crown-6-oxyacetic acids and 5;y/w-(methyl)dibenzo-16-

crown-5-oxyacetic acid and its derivatives has been studied in solution by 

NMR spectroscopy. Additional conformational information is provided 

from sohd-state structures. 

Experimental Procedures 

Sources of Reagents 

Uidess otherwise specified, reagent grade starting materials and 

solvents were used as received. Iodomethylphosphonic acid monoethyl 

ester (70) was prepared by the hterature method. 52 

Purification of Reagents 

Dry solvents were prepared as follows: tert-BuOH was dried by 

benzene azeotropic distillation with a Dean Stark apparatus; CH3CN was 

stored over activated 4 A molecular seives under dry nitrogen. 

General 

The chromatographic media, instrumentation, etc., used in this 

portion of the research for compound purification and characterization 

were the same as those described previously under the Experimental 

Procedure section of Chapter H. 

Commercially available deuterated NMR solvents: benzene-d^ 

(C6D6) and acetone-d^ (CD3COCD3) were used as received. 

Deuterated dimethyl sulfoxide (DMS0-d6), where used, had been stored 

over activated 4 A molecular sieves for at least 3 days before use to 

remove traces of water. 
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Determination of sohd-state structures was performed by Professor 

N. Kent Dalley of the Chemistry Department, Brigham Young University, 

Provo, Utah. 

General Procedure for the Synthesis ofsvm-
(Hvdroxv)di[4(5Vtert-butvlbenzo] Lariat Ethers 76 and 79 

A mixture of 5.12 mmol of the lariat ether alcohol 75 or 78, 1.85 g 

(24.90 mmol) of tert-BuOH, and 7.75 g (76.73 mmol) of 85% phosphoric 

acid was stirred for 8 h at 100-110 ^C. During the reaction, two hquid 

layers formed. To the reaction mixture was added 10 g of crushed ice. 

The reaction mixture was extracted with CH2CI2 (3 X 50 mL). The 

combined CH2CI2 extracts were washed with saturated aqueous NaHC03 

(2 X 50 mL) and H2O (2 X 50 mL), dried over MgS04, and evaporated in 

vacuo to give a yellowish oil. The oil was crystallized from hexane. 

5V/ii-(Hydroxy)di[4(5)-tert-butylbeiizo]-16-crown-5 (76) was ob-

tamed in 93% yield as a white sohd with mp 164-165 oC (ht.l2 mp 

164-166 OC). IR (deposit from CH2CI2 solution on a NaCl plate): 3330 

(0-H); 1286 and 1142 (C-0) cm-1. I R NMR (CDCI3): 5 1.28 (s, 18H); 

3.25 (br t, IH); 3.91-3.92 (m, 4H); 4.20-4.30 (m, 9H); 6.91-7.05 (m, 6H). 

5Vi»i-(Hydroxy)di[4(5)-tert-butylbeiizo]-19-crown-6 (79) was ob

tained in 91% yield as a white solid widi mp 95-96 oC. IR (deposit from 

CH2CI2 solution on a NaCl plate): 3489 (0-H); 1267,1210, and 1144 (C-

O) cm-1. iH NMR (CDCI3): 6 1.28 (s, 8H); 3.45 (br s, IH); 3.82-3.91 

(m, 8H); 4.06-4.22 (m, 8H); 4.34-4.37 (m, IH); 6.80-7.01 (m, 6H). Anal. 

Calcd. for C29H42O7: C, 69.30; H, 8.42. Found: C, 69.16; H, 8.30. 
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General Procedure for the Svnthesis of 
Lariat Ether Carboxvhc Acids 52 and 77 

After removal of the mineral oil from KH (2.95 g, 35% dispersion in 

mineral oil, 25.70 mmol) by washing with dry pentane under nitrogen, 

5.14 mmol of the lariat ether alcohol in 100 mL of dry THF was added 

slowly followed by stirring for 2 h at room temperature. To the mixture 

was added 1.07g (7.71 mmol) of dry bromoacetic acid in 10 mL of dry 

THF over a period of 1 h with a syringe pump. The mixture was stirred 

for 6 h at room temperature and cooled to 0 oC. Ice-water was added 

slowly to destroy the unreacted KH and the THF was evaporated in 

vacuo. To the residue was added 100 mL of H2O and the alkaline 

aqueous solution was washed with EtOAc (3 X 100 mL) and acidified 

widi 6 N HCl to pH 1 foUowed by addition of CH2CI2 (100 mL). The 

organic layer was separated, dried over MgS04, and evaporated in vacuo 

to give a yeUowish oil. The oil was chromatographed on sihca gel with 

EtOAc as eluent to give a colorless oil which was crystallized from Et20. 

5yifi-Dibeiizo-16-crown-5-oxyacetic Acid (52) was obtained in 

91% yield as a white sohd widi mp 166-167 oC (ht.8 mp 166-166.5 oC). 

IR (deposit from CH2CI2 solution on a NaCl plate): 3350 (0-H); 1743 

(C=0); 1123 (C-0) cm-1. 1 H NMR (CDCI3): 5 3.91-3.94 (m, 4H); 4.15-

4.18 (m, 4H); 4.29 (s, 5H); 4.48 (s, 2H); 6.85-7.01 (m, 8H). 

5Viii-Di[4(5)-tert-butylbenzo]-16-crown-5-oxyacetic Acid (77) 

was obtained in 72% yield as a white sohd widi mp 54-55 oC (lit.9 mp 55-

56 OC). IR (deposit from CH2CI2 solution on a NaCl plate): 3360 (0-H); 

1765 and 1731 (C=0) cm-1. 1 H NMR (CDCI3): 5 1.27-1.28 (d, 18H); 
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3.88-3.91 (m, 8H); 4.12-4.18 (m, 8H); 4.26-4.30 (m, 5H); 4.45-4.49 (m, 

2H); 6.77-7.03 (m, 6H). 

General Procedure for the Svnthesis of 
Crown Ether Ketones 81-86 

To a stured solution of 5.96 g (49.3 mmol) of oxalyl chloride in 15 

mL of CH2CI2 was added 4.89 g (62.6 mmol) of DMSO in 5 mL of 

CH2CI2 at -78 OC imder nitrogen. The reaction mixture was stirred for 

an additional 10 min at -78 ^C. To the reaction mixture was added 15.66 

mmol of the appropriate lariat ether alcohol in 20 mL of CH2CI2 and the 

mixture was stirred for 30 min at -78 oC. To the reaction mixture was 

added 15.85 g (156.6 mmol) of Et3N. The mixture was stirred for 30 min 

at -78 OC, allowed to warm to 0 oc for 30 min, and diluted widi CH2CI2 

(50 mL). After the reaction mixture was quenched with H2O (30 mL), 

the aqueous layer was separated and extracted with CH2CI2 (2 X 50 mL). 

The CH2CI2 extracts and the original organic layer were combined and 

washed consecutively with 10% aqueous HCl (2 X 50 mL), brine (1 x 50 

mL), and H2O (1 X 50 mL). The organic solution was dried over 

MgS04 and evaporated in vacuo to give a yeUowish oU which was 

chromatographed on sUica gel with EtOAc as eluent to give a coloriess oU. 

The oil was crystallized from Et20 or hexane. 

sViii-(Keto)dibeiizo-16-crown-5 (81) was obtained in 95% yield as 

a wliite solid widi mp 152-153 oc (ht.8 mp 141-143 oC). IR (deposit 

from CH2CI2 solution on a NaCl plate): 1739 (C=0); 1249 and 1057 

(C-0) cm-1. iH NMR (CDCI3): 5 3.92-3.93 (m, 4H); 4.16-4.20 (m, 4H); 

5.02 (s,4H); 6.84-7.08 (m,8H). 
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5viii-(Keto)di[4(5)-tert-butylbeiizo]-16-crown-5 (82) was obtained 

in 77% yield as a white sohd widi mp 180-181 oc. IR (deposit from 

CH2CI2 solution on a NaCl plate): 1742 (C=0); 1219 and 1057 (C-0) 

cm-1. 1 H NMR (CDCI3): 5 1.27-1.28 (d, 18H); 3.91-3.94 (m, 4H); 4.17 

(m, 4H); 4.96-5.07 (d, 4H); 6.90-7.10 (m, 6H). Anal. Calcd. for 

C27H36O6: C, 71.03; H, 7.95. Found: C, 71.01; H, 7.87. 

sym-(Keto)dibeiizo-19-crowii-6 (83) was obtained in 88% yield as 

a white sohd v^tii mp 80-81 oc (lit.20 mp 80-80.5 oc). IR (deposit from 

CH2CI2 solution on a NaCl plate): 1739 (C=0); 1267 and 1143 (C-0) 

cm-1. 1 H NMR (CDCI3): 5 3.77-4.50 (m, 12H); 4.93 (s, 4H); 6.93 (s, 

8H). 

5yiii-(Keto)di[4(5)-tert-butylbeiizo]-19-crown-6 (84) was obtained 

in 80% yield as a colorless oil. IR (deposit from CH2CI2 solution on a 

NaCl plate): 1741 (C=0); 1267 and 1144 (C-0) cm-1. I R NMR 

(CDCI3): 5 1.27-1.28 (d, 18H); 3.88-3.89 (m, 8H); 4.12-4.16 (m, 4H); 

4.94-4.98 (d, 4H); 6.79-7.08 (m, 6H). Anal. Calcd. for C29H40O7 

XO.ICH2CI2: C, 68.65; H, 7.96. Found: C, 69.03; H, 7.86. 

5Vifi-(Keto)dicyclohexano-16-crown-5 (85) was obtained in 95% 

yield as a white sohd from hexane with mp > 250 oc (ht.21 mp > 250 oc). 

IR (deposit from CH2CI2 solution on a NaCl plate): 1731 (C=0); 1112 

(C-0) cm-1. 1 H NMR (CDCI3): 6 1.21-1.41 (m, 5H); 1.46-1.66 (m, 7H); 

1.79-1.99 (m, 4H); 3.39-3.74 (m, 12H); 4.35-4.69 (m, 4H). 

5V/fi-(Keto)dibenzo-14-crown-4 (86) was obtained in 82% yield as 

a white solid witii mp 93-94 oc (lit.22 mp 94-96 oc). IR (deposit from 

CH2CI2 solution on a NaCl plate): 1742 (C=0); 1260 and 1058 (C-0) 
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cm-1. 1H NMR (CDCI3): 5 2.33-2.36 (m, 2H); 4.17-4.22 (t, 4H); 5.05 

(s, 4H); 6.84-6.91 (m, 4H); 6.98-7.09 (m, 4H). 

Preparation of 5'v/w-(Hydroxv)(methvlMibenzo-16-crown-5 (87^ 

To 0.80 g (32.92 mmol) of magnesium turnings was added 150 mL 

of anhydrous Et20 and 4.67 g (32.92 mmol) of iodomethane under 

nitrogen. The mixture was stirred at room temperature untU most of 

magnesium turnings had been consumed then cooled to 0 oc. A solution 

of 5'3;w-(keto)dibenzo-16-crown-5 (81) (5.67 g, 16.46 mmol) in 200 mL of 

THF was added over a period of 1 h with syringe pumps. Upon 

completion of the addition, the reaction mixture was stirred for 10 h at 

room temperature. After cooling to 0 oc, 50 mL of 5% aqueous NH4CI 

was added slowly and the mixture was stirred for 1 h at room temperature. 

The solvents were evaporated in vacuo and CH2CI2 (200 mL) was added 

to the aqueous residue. After shaking, the CH2CI2 layer was separated, 

washed with brine (3 X 100 mL), dried over MgS04, and evaporated in 

vacuo to give a yeUowish oU. The oil was crystaUized from Et20 to give 

5.58 g (94%) of the desired product as a white solid with mp 120-121 oc 

(ht.l^ mp 109-110 OC). IR (deposit from CH2CI2 solution on a NaCl 

plate): 3375 (0-H); 1121 (C-0) cm-1. 1H NMR (CDCI3): 6 1.50 (s, 3H); 

3.40 (s, IH); 3.72-4.20 (m, 12H); 6.84-7.25 (m, 8H). 

General Procedure for the Synthesis of ̂ vm-
rAlkvl)rhvdroxv)dibenzo-16-crown-5 Compounds 88-90 

A mixture of magnesium turnings (0.21 g, 8.70 mmol), 1-bromo-

aUcane (8.70 mmol), and 50 mL of dry THF was refluxed under nitrogen 
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untU all of the magnesium turnings were consumed. After cooling to 

0 oc, 4.35 mmol of the crown ether ketone in 20 mL of dry THF was 

added over a period of 1 h with a syringe pump. The mixture was 

refluxed for 6 h, cooled to 0 oc, and 10 mL of 5% aqueous NH4CI was 

added slowly. The THF was evaporated in vacuo and water and CH2CI2 

(50 mL each) were added to the residue. The organic layer was 

separated, washed with 5% aqueous NaHC03 (3 X 30 mL), brine (2 X 30 

mL), and H2O (1 X 50 mL). The CH2CI2 solution was dried over 

MgS04 and evaporated in vacuo to give a white sohd which was 

recrystaUized from Et20 or pentane. 

sy/fi-(Hydroxy)(propyl)dibeiizo-16-crown-5 (88) was obtained in 

96% yield as a white sohd from Et20 widi mp 120-121 oc (ht.18 mp 120-

121 OC). IR (deposit from CH2CI2 solution on a NaCl plate): 3511 

(0-H); 1120 (C-0) cm-1. I R NMR (CDCI3): 6 0.99 (t, 3H); 1.41-1.60 

(m, 2H); 1.60-1.69 (m, 2H); 3.22 (s, IH); 3.81-4.26 (m, 12H); 6.84-6.95 

(m, 8H). 

sym-(Hydroxy)(propyl)di[4(5)-tert-butylbenzo]-16-crown-5 (89) 

was obtained in 53% yield as a white sohd from pentane v^di mp 

77-78 oc. IR (deposit from CH2CI2 solution on a NaCl plate): 3476 

(0-H); 1267 and 1146 (C-0) cm-1. I R NMR (CDCI3): 5 0.97-1.04 (t, 

3H); 1.27 (s, 18H); 1.52-1.59 (m, 2H); 1.81-1.86 (m, 2H); 3.25-3.29 (br d, 

IH); 3.87-3.92 (m, 4H); 3.99-4.29 (m, 8H); 6.77-6.99 (m, 6H). Anal. 

Calcd. for C30H44O6: C, 71.97; H, 8.86. Found: C, 72.35; H, 9.06. 

5);#ii-(Decyl)(hydroxy)dibeiizo-16-crowii-5 (90) was obtained in 

92% yield as a white sohd from Et20 witii mp 95-96 oc (ht.l^ mp 

90-92 OC). IR (deposit from CH2CI2 solution on a NaCl plate): 3510 
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(0-H); 1121 (C-0) cm-1. I R NMR (CDCI3): 6 0.85-0.91 (t, 3H); 1.26-

1.31 (m, 16H); 1.81-1.91 (m, 2H); 3.25 (s, IH); 3.89-4.06 (m, 6H); 4.14-

4.26 (m, 6H), 6.85-6.98 (m, 8H). 

General Procedure for the Svnthesis ofsvm-
(Alkvndibenzo-16-crown-5-oxvacetic Acids 91-93 

After removal of the mineral oU from KH (2.95 g, 35% dispersion in 

mineral oil, 25.70 mmol) by washing with dry pentane under nitrogen, 

5.14 mmol of the 5y/w-(aUcyl)(hydroxy)dibenzo-16-crown-5 compound in 

100 mL of dry THF was added slowly and the mixture was stirred for 2 h 

at room temperature. To the reaction mixture was added 1.07 g (7.71 

mmol) of dry bromoacetic acid in 10 mL of dry THF over a period of 1 h 

with a syringe pump and the mixture was stirred for 6 h at room 

temperature . The mixture was cooled to 0 oc and ice-water was added 

slowly to destroy die unreacted KH. The THF was evaporated in vacuo 

and 100 mL of H2O was added to die residue. The aDcahne aqueous 

solution was washed widi EtOAc (3 X 100 mL) and acidified witii 6 N 

HCl to pH 1 foUowed by addition of CH2CI2 (100 mL). The organic 

layer was separated, dried over MgS04, and evaporated in vacuo to give 

a yeUowish oU. The oU was chromatographed on sUica gel widi EtOAc 

as eluent to give a colorless oU which was crystallized from Et20. 

5>^iii-(Methyl)dibenzo-16-crown-5-oxyacetic Acid (91) was 

obtained in 92% yield as a white sohd widi mp 100-101 oc (ht.l^ mp 102-

103 OC). IR (deposit from CH2CI2 solution on a NaCl plate): 3363 

(0-H); 1738 (C=0); 1121 (C-0) cm-1. I R NMR (CDCI3): 5 1.57 (s, 

3H); 3.86-4.18 (m, lOH); 4.54 (d, 2H); 4.79 (s, 2H); 6.81-6.91 (m, 8H). 
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5V/fi-(Propyl)dibeiizo-16-crown-5-oxyacetic Acid (92) was 

obtained in 92% yield as a white sohd witii mp 154-155 oc (ht.23 mp 154-

156 OC). IR (deposit from CH2CI2 solution on a NaCl plate): 3350 

(0-H); 1740 (C=0); 1123 (C-0) cm-1. 1R N M R (CDCI3): 5 1.05 (t, 

3H); 1.50-1.54 (m, 2H); 1.90-1.98 (m, 2H); 3.62-4.17 (m, lOH); 4.56 (d, 

2H); 4.82 (s, 2H); 6.80-7.01 (m, 8H). 

5>;iii-(Decyl)dibeiizo-16-crown-5-oxyacetic Acid (93) was 

obtained in 91% yield as a white solid witii mp 109-110 oc (ht.l9 mp 101-

102 OC). IR (deposit from CH2CI2 solution on a NaCl plate): 3350 

(0-H); 1740 (C=0); 1123 (C-0) cm-1. I R N M R (CDCI3): 5 0.91 (t, 

3H); 1.30-1.52 (m, 16H); 1.92-2.12 (m, 2H); 3.81-4.17 (m, lOH); 4.62 (d, 

2H); 4.80 (s, 2H); 6.80-7.01 (m, 8H). 

General Procedure for the Svnthesis of Lariat Etiier 
Methanesulfonates 94 and 95 

To a solution of Et3N (1.75 g, 17.32 mmol) in 50 mL of CH2CI2 

was added in one portion 5.77 mmol of lariat ether alcohol in 50 mL of 

CH2CI2- The solution was stirred for 30 min at 0 oc and 1.32 g (11.54 

mmol) of MsCl in 10 mL of CH2CI2 was added over a period of 30 min 

with a syringe pump. Upon completion of the addition, the reaction 

mixture was stirred for 2 h at room temperature and 30 mL of 10% 

aqueous HCl was added. The organic layer was separated, washed with 

saturated aqueous NaHC03 (2 X 50 mL), brine (1 X 50 mL) and H2O (1 

X 50 mL), and dried over MgS04. Evaporation of the solvent in vacuo 

gave the desired product. 
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5Viif-Dibeiizo-16-crown-5-methanesulfoDate (94) was obtained in 

96% yield as a white sohd witii mp 183-185 oc (ht.25 mp 183-185 oc). 

IR (deposit from CH2CI2 solution on a NaCl plate): 1359 and 1175 

(SO2); 1268 and 1147 (C-0) cm-1. I R N M R (CDCI3): 6 3.24 (s, 3H); 

3.91-3.95 (m, 4H); 4.15-4.19 (m, 4H); 4.33-4.53 (m, 4H); 5.26-5.31 (m, 

IH); 6.84-7.05 (m, 8H). 

5Viif-Di[4(5>-tert-butylbenzo]-16-crown-5-methanesulfonate (95) 

was obtained in 99% yield as a white solid witii mp 57-58 oc. IR 

(deposit from CH2CI2 solution on a NaCl plate): 1359 and 1175 (SO2); 

1268 and 1147 (C-0) cm-1. I R N M R (CDCI3): 5 1.27-1.28 (d, 18H); 

3.24-3.26 (d, 3H); 3.89-3.94 (m, 4H); 4.13-4.21 (m, 4H); 4.30-4.54 (m, 

4H); 5.29 (m, IH); 6.77-7.04 (m, 6H). Anal. Calcd. for C28H40O8S 

XO.O5CH2CI2: C, 62.28; H, 7.47. Found: C, 62.10; H, 7.49. 

General Procedure for the Synthesis of Lariat Ether 
Thioacetates 96 and 97 

A mixture of 0.88 g (8.29 mmol) of methyl thioglycolate, CS2CO3 

(3.85 g, 11.80 mmol), and 80 mL of dry CH3CN was stirred for 3 h at 55-

60 oc under nitrogen. To the reaction mixture was added in one portion 

2.36 mmol of lariat ether methanesulfonate in 10 mL of dry CH3CN. The 

mixture was stirred for 2 d at 55-60 oc and filtered. The filtrate was 

evaporated in vacuo and 200 mL of CH2CI2 was added to the residue. 

The solution was washed with H2O (3 X 100 mL), dried over MgS04, 

and evaporated in vacuo to give a yeUowish oU. The oU was 

chromatographed on sihca gel with EtOAc as eluent to give the desired 

product. 
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Methyl 5Viif-Dibeiizo-16-crown-5-thioacetate (96) was obtained 

in 68% yield as a coloriess oU. IR (deposit from CH2CI2 solution on a 

NaCl plate): 1734 (C=0); 1256 and 1122 (C-0) cm-1. IR N M R 

(CDCI3): 5 3.24-3.62 (m, 3H); 3.72 (s, 3H); 3.92-3.96 (m, 4H); 4.14-4.18 

(m, 4H); 4.38-4.41 (d, 4H); 6.82-7.04 (m, 8H). Anal. Calcd. for 

C22H26O7S: C, 60.82; H, 6.03. Found: C, 60.84; H, 6.18. 

Methyl JLFm-Di[4(5)-tert-butylbeiizo]-16-crown-5-thioacetate 

(97) was obtained in 50% yield as a colorless oU. IR (deposit from 

CH2CI2 solution on a NaCl plate): 1738 (C=0); 1267 and 1146 (C-0) 

cm-1. I R isfMR (CDCI3): 6 1.27 (s, 18H); 3.55-3.62 (m, 3H); 3.72 (d, 

3H); 3.89-3.95 (m, 4H); 4.12-4.20 (m, 4H); 4.35-4.43 (m, 4H); 6.75-7.05 

(m, 6H). Anal. Calcd. for C30H42O7S: C, 65.91; H, 7.74. Found: C: 

65.86; H, 7.70. 

General Procedure for the Synthesis of Lariat Ether 
Thioacetic Acids 98 and 99 

A mixture of 0.60 mmol of lariat ether thioacetate, concentrated 

HCl (2.0 mL), and eitiier 30 mL of H2O (for compound 98) or 30 mL of 

aqueous THF (1:1, v/v, for compound 99) was stirred overnight at 

95-100 oc. The reaction mixture was cooled to room temperature and 

extracted with CH2CI2 (3 X 50 mL). The combined extracts were dried 

over MgS04 and evaporated in vacuo to give a yeUowish oU. The oU 

was chromatographed on silica gel with EtOAc then MeOH as eluents to 

give a solid which was dissolved in H2O (30 mL) and acidified with 6 N 

HCl to pH 1. The aqueous solution was extracted v t̂ii CH2CI2 (3 X 50 
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mL) and tiie combined extracts were dried over MgS04 and evaporated in 

vacuo to give a colorless oU. 

5Viii-Dibeiizo-16-crown-5-thioacetic Acid (98) was obtained in 

72% yield as a white sohd with mp 148-149 oc after crystaUization of tiie 

oU from Et20. IR (deposit from CH2CI2 solution on a NaCl plate): 3390 

(0-H); 1726 and 1714 (C=0); 1256 and 1123 (C-0) cm-1. I R N M R 

(CDCI3): 5 3.55 (m, IH); 3.76 (s, 2H); 3.91-3.96 (m, 4H); 4.13-4.17 (m, 

4H); 4.32-4.48 (m, 4H); 6.81-7.00 (m, 8H). Anal. Calcd. for 

C21H24O7SXO.ICH2CI2: C, 59.08; H, 5.69. Found: C, 59.01; H, 5.95. 

yviyi-Di[4(5)-tert-butvlbeiizo1-16-crown-5-thioacetic Acid (99) 

was obtained in 55% yield as a colorless oU. IR (deposit from CH2CI2 

solution on a NaCl plate): 3449 (0-H); 1731 and 1711 (C=0); 1266 and 

1146 (C-0) cm-1. I R N M R (CDCI3): 5 1.27 (s, 18H); 3.56 (m, IH); 

3.76-3.77 (m, 2H); 3.91-3.92 (m, 4H); 4.13-4.15 (m, 4H); 4.37-4.46 (m, 

4H); 6.74-7.01 (m, 6H). Anal. Calcd. for C29H40O7S: C, 65.39; H, 

7.57. Found: C, 65.18; H, 7.74. 

Preparation of 2-Bromophenvl svm-
Dibenzo-16-crown-5 Sulfide (100) 

A mixture of 2-bromothiophenol (0.80 g, 4.24 mmol), CS2CO3 

(1.96 g, 6.01 mmol), and dry DMF (80 mL) was stirred for 3 h at 90-

100 oc under nitrogen. To the mixture was added 1.50 g (3.53 mmol) of 

57/w-dibenzo-16-crown-5-methanesulfonate (94) in 10 mL of dry DMF in 

one portion. The mixture was stirred for 2 d at 90-100 oc and filtered. 

The filtrate was evaporated in vacuo and 100 mL of CH2CI2 was added to 

die residue. The solution was washed with H2O (3 X 50 mL), dried over 
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MgS04, and evaporated in vacuo to give a yeUowish oU. The oU was 

chromatographed on sihca gel with CH2CI2 as eluent to give 1.05 g 

(58%) of a colorless oU. IR (deposit from CH2CI2 solution on a NaCl 

plate): 1257 and 1122 (C-0) cm-1. I R NMR (CDCI3): 5 3.91-4.00 (m, 

5H); 4.14-4.19 (m, 4H); 4.31-4.53 (m, 4H); 6.84-7.12 (m, 9H); 7.21-7.26 

(m, IH); 7.54-7.62 (m, 2H). Anal. Calcd. for C25H25Br05S: C, 58.03; 

H, 4.87. Found: C, 57.78; H, 4.81. 

Synthetic Procedures for the Preparation of 5vm-
rHydroxy)dibenzo-19-crown-6 (78) 

l,8-Bis(0-hydroxyphenoxy)-3,6-dioxaoctane (102). A mixture of 

catechol (110 g, 1.00 mol), KOH (42.0 g, 0.75 mol), and 600 mL of H2O 

was refluxed under nitrogen untU a solution was achieved. To the 

solution 33.70 g (0.18 mol) of l,2-bis(2-chloroethoxy)ethane was added 

over a period of 4 h with a syringe pump. The reaction mixture was 

refluxed for an additional 24 h and cooled to room temperature which 

caused an oily layer to form at the bottom of the flask. The oUy layer was 

separated, dissolved in CH2CI2 (100 mL), and extracted with 5 N NaOH 

solution (3 X 100 mL) to separate the phenohc from the non-phenolic 

compounds. The resulting dark aUcahne aqueous solution was brought to 

pH 9 witii concentrated HCl and extracted with CH2CI2 (3 X 100 mL). 

The combined extracts were dried over MgS04 and evaporated in vacuo. 

The resulting oUy product stiU showed contamination by other phenohc 

side products on TLC (sihca gel, Et20). The oU was dissolved in 50 mL 

of Et20 followed by addition of 5 mL of H2O. The mixture was cooled 

to 0 oc and the precipitated sohd was filtered and washed with 70 mL of 
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cold Et20 to give 38.70 g (50%) of 102 as a pale yeUow sohd widi mp 

54-55 oc (lit.32 mp 54-55 oC). IR (deposit from CH2CI2 solution on a 

NaCl plate): 3384 (0-H); 1265, 1111 and 1056 (C-0) cm-1. I R N M R 

(CDCI3): 5 2.03 (br s, 2H); 3.73-3.86 (m, 8H); 4.16-4.20 (m, 4H); 6.75-

6.97 (m, 8H). 

5Viii-(Hydroxy)dibeiizo-19-crown-6 (78). A mixture of diphenol 

102 (15.0 g, 44.86 mmol), KOH (5.03 g, 89.72 mmol), and 900 mL of 

H2O was stirred for 2 h at 90 oc to affect solution and then cooled to 

50 oc. Epichlorohydrin (4.15 g, 44.86 mmol) was added to the 

vigorously stirred solution over a period of 4 h with a syringe pump. The 

reaction mixture was stirred overnight at 50 oc. Additional KOH (3.78 g, 

67.29 mmol) was added in one portion followed by an additional 4.15 g 

(44.86 mmol) of epichlorohydrin over a period of 4 h and the reaction 

mixture was refluxed for 5 h. OUy droplets which formed during the 

reaction were aUowed to settle and the reaction mixture was cooled in an 

ice bath to sohdify the oU. By decanting the aqueous solution and 

washing the sohd residue with cold H2O, phenol was removed from the 

sohd product. The sohd was then dissolved in CH2CI2 (200 mL). The 

solution was washed witii H2O (3 X 50 mL), dried over MgS04, and 

evaporated in vacuo. The resulting oily product stUl showed 

contamination by polymeric impurities by TLC analysis (sihca gel, Et20). 

The polymeric impurities were removed by eluting the oUy product 

througli a short sihca gel column (15X3 cm) with Et20. Evaporation of 

the Et20 in vacuo gave 10.00 g (57%) of tiie desired product as a white 

sohd witii mp 73-74 oc (lit.32 mp 73-74 oC). IR (deposit from CH2CI2 

solution on a NaCl plate): 3480 (0-H); 1250, 1240 and 1120 (C-0) cm-1. 
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1H NMR (CDCI3): 5 3.50 (br s, IH); 3.86 (s, 4H); 3.87-3.95 (m, 4H); 

4.10-4.23 (m, 8H); 4.35-4.45 (m, IH); 6.88-7.05 (m, 8H). 

General Procedure for the Synthesis of Lariat Ether 
Carboxyhc Acids 103 and 104 

After removal of the mineral oU from NaH (3.81 g, 60% dispersion 

in mineral oil, 95.25 mmol) by washing with dry pentane under nitrogen, 

30.74 mmol of the lariat ether alcohol in 300 mL of dry THF was added 

slowly. The mixture was stirred for 2 h at room temperature and 5.29 g 

(38.07 mmol) of dry bromoacetic acid in 20 mL of dry THF was added 

with a syringe pump over a period of 1 h. The mixture was stirred for an 

additional 3 h at room temperature and cooled to 0 oc. Ice-water was 

added slowly to destroy the unreacted NaH and the THF was evaporated 

in vacuo. To die residue was added 100 mL of H2O. The aUcaline 

aqueous solution was washed with EtOAc (3 X 50 mL) and acidified witii 

6 N HCl to pH 1 followed by addition of CH2CI2 (200 mL). The organic 

layer was separated, dried over MgS04, and evaporated in vacuo to give 

a yellowish oU. The oUy product was loaded into tiie tiiimble of a Soxhlet 

extractor and extracted witii Et20. Evaporation of die Et20 solution 

gave the desired product. 

5j;/M-Dibenzo-19-crown-6-oxyacetic Acid (103) was obtained in 

79% yield as a white sohd witii mp 95-96 oc (ht.32 mp 95-96 oc). IR 

(deposit from CH2CI2 solution on a NaCl plate): 3400 (0-H); 1720 

(C=0); 1250, 1220 and 1110 (C-0) cm-1. I R N M R (CDCI3): 5 3.77-

3.89 (m, 8H); 4.14-4.30 (m, 9H); 4.52 (s, 2H); 5.90-6.40 (br s, IH); 6.86-

7.01 (m, 8H). 
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5yifi-Di[4(5)-tert-butylbenzo]-19-crown-6-oxyacetic Acid (104) 

was obtained m 55% yield as a pale yellow oU. IR (deposit from CH2CI2 

solution on a NaCl plate): 3214 (0-H); 1766 (C=0); 1266, 1205 and 1144 

(C-0) cm-1. I R ]S[MR (CDCI3): 5 1.28 (s, 18H); 3.76-3.89 (m, 8H); 

4.12-4.26 (m, 8H); 4.31-4.35 (m, IH); 4.51-4.53 (m, 2H); 6.79-7.03 (m, 

6H); 11.80 (br s, IH). Anal. Calcd. for C31H44O9: C, 66.41; H, 7.91. 

Found: C, 66.30; H, 7.63. 

Preparation of 5v/w-(Hydroxy)(methyl)-
dibenzo-19-crown-6 (105) 

To 1.17 g (48.21 mmol) of magnesium turnings was added 6.84 g 

(48.21 mmol) of iodomethane in 150 mL of dry Et20 under nitrogen. 

The mixture was stirred at room temperature untU most of the magnesium 

turnings had been consumed. The mixture was cooled to 0 oc and a 

solution of 5'>'/w-(keto)dibenzo-19-crown-6 (83) (6.24 g, 16.07 mmol) in 

200 mL of dry THF was added over a period of 1 h witii a dropping 

fimnel. Upon completion of the addition, the reaction mixture was stirred 

for 10 h at room temperature. After cooling to 0 oc, 100 mL of 5% 

aqueous NH4CI was added slowly and the mixture was stirred for 1 h at 

room temperature. The solvents were evaporated in vacuo and CH2CI2 

(200 mL) was added to the residue. After shaking, the CH2CI2 solution 

was washed with H2O (3 X 100 mL), dried over MgS04, and evaporated 

in vacuo to give a yellowish oU. The oU was chromatographed on sihca 

gel with Et20 as eluent to give 5.19 g (76%) of a colorless oU (ht.20 mp 

52.5-53.5 OC). IR (deposit from CH2CI2 solution on a NaCl plate): 3478 
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(0-H); 1258 and 1124 (C-0) cm-1. I R N M R (CDCI3): 5 1.44 (s, 3H); 

3.77-3.86 (m, 9H); 4.09-4.15 (m, 8H); 6.89-6.93 (m, 8H). 

General Procedure for the Synthesis of svm-
(AUcyl)(hydroxy)dibenzo-19-crovm-6 Compounds 106-110 

A mixture of magnesium turnings (1.17 g, 48.21 mmol), 1-bromo-

aUcane (48.21 mmol), and 150 mL of dry THF was refluxed under nitrogen 

untU most of the magnesium turnings were consumed. After cooling to 

0 oc, 16.07 mmol of the crown ether ketone in 40 mL of dry THF was 

added with a syringe pump over a period of 1 h. The mixture was 

refluxed for 6 h. After cooling to 0 oc, 30 mL of 5% aqueous NH4CI 

was added slowly. The THF was evaporated in vacuo and CH2CI2 (200 

mL) was added to the aqueous residue. The organic layer was separated, 

washed with H2O (3 X 50 mL), dried over MgS04, and evaporated in 

vacuo to give a yellowish oU. The oU was chromatographed on sihca gel 

with Et20 as eluent to provide the desired product. 

5yiii-(Ethyl)(hydroxy)dibenzo-19-crown-6 (106) was obtained in 

83% yield as a colorless oU. IR (deposit from CH2CI2 solution on a 

NaCl plate): 3482 (0-H); 1258 and 1124 (C-0) cm-1. I R N M R 

(CDCI3): 6 0.98-1.06 (t, 3H); 1.78-1.89 (q, 2H); 3.45-3.52 (br s, IH); 

3.77-3.88 (m, 8H); 4.11-4.20 (m, 8H); 6.85-6.97 (m, 8H). Anal. Calcd. 

for C23H30O7: C, 66.01; H, 7.23. Found: C, 66.09; H, 7.53 

5Viii-(Hydroxy)(propyl)dibenzo-19-crown-6 (107) was obtained in 

78% yield as a colorless oU. IR (deposit from CH2CI2 solution on a 

NaCl plate): 3492 (0-H); 1258 and 1124 (C-0) cm-1. I R N M R 

(CDCI3): 5 0.90-1.00 (t, 3H); 1.43-1.53 (m, 2H); 1.70-1.81 (m, 2H); 
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3.47-3.57 (br s, IH); 3.73-3.84 (m, 8H); 4.05-4.17 (m, 8H); 6.89-6.93 (m, 

8H). Anal. Calcd. for C24H32O7XO.ICH2CI2: C, 65.64; H, 7.36. 

Found: C, 65.34; H, 7.34. 

5y/fi-(Butyl)(hydroxy)dibeiizo-19-crown-6 (108) was obtained in 

73% yield as a coloriess oU. IR (deposit from CH2CI2 solution on a 

NaCl plate): 3479 (0-H); 1257 and 1124 (C-0) cm-1. I R N M R 

(CDCI3): 5 0.87-0.97 (t, 3H); 1.30-1.52 (m, 4H); 1.75-1.86 (m, 2H); 3.43-

3.54 (br s, IH); 3.78-3.88 (m, 8H); 4.11-4.22 (m, 8H); 6.89-6.94 (m, 8H). 

Anal. Calcd. for C25H34O7: C, 67.25; H, 7.67. Found: C, 67.09; H, 

7.83. 

5y/ii-(Hydroxy)(propyl)di[4(5)-tert-butylbeiizo]-19-crowii-6 

(109) was obtained in 90% yield as a colorless oU. IR (deposit from 

CH2CI2 solution on a NaCl plate): 3484 (0-H); 1267, 1214 and 1144 

(C-0) cm-1. I R N M R (CDCI3): 6 0.92-0.99 (t, 3H); 1.27 (s, 18H); 

1.48-1.52 (m, 2H); 1.73-1.79 (m, 2H); 3.43 (br s, IH); 3.75-3.89 (m, 8H); 

4.03-4.18 (m, 8H); 6.77-6.98 (m, 6H). Anal. Calcd. for C32H48O7: C, 

70.56; H, 8.88. Found: C, 70.41; H, 8.99. 

5V/ii-(Hydroxy)(octyl)dibeiizo-19-crown-6 (110) was obtained in 

81% yield as a colorless oU. IR (deposit from CH2CI2 solution on a 

NaCl plate): 3490 (0-H); 1257 and 1124 (C-0) cm-1. I R ]S[MR 

(CDCI3): 5 0.84-0.91 (t, 3H); 1.26-1.48 (m, 12H); 1.74-1.82 (m, 2H); 

3.44 (br s, IH); 3.73-3.89 (m, 8H); 4.08-4.20 (m, 8H); 6.83-6.99 (m, 8H). 

Anal. Calcd. for C29H42O7: C, 69.30; H, 8.42. Found: C, 69.32; H, 

8.25. 
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General Procedure for the Synthesis of AUcvl svm-
(AUcvl)dibenzo-l 9-crown-6-oxvacetates 111-115 

After removal of the mineral oU from NaH (1.00 g, 60% dispersion 

in mineral oU, 25.00 mmol) by washing with dry pentane under nitrogen, 

12.48 mmol of die lariat ether alcohol in 200 mL of dry THF was added 

slowly. The mixture was stirred for 2 h at room temperature and 18.72 

mmol of methyl or ethyl bromoacetate in 10 mL of dry THF was added 

with a syringe pump over a period of 1 h. The mixture was stirred 

overnight at room temperature and cooled to 0 oc. Ice-water was added 

slowly to destroy the unreacted NaH and the THF was evaporated in 

vacuo. To the residue was added 200 mL of CH2CI2. The solution was 

washed with H2O (3 X 50 mL), dried over MgS04, and evaporated in 

vacuo to give a yeUowish oU. The oU was chromatographed on sihca gel 

with EtOAc as eluent to provide the desired product. 

Methyl ^j;iii-(Methyl)dibeiizo-19-crown-6-oxyacetate (111) was 

obtamed in 94% yield as a colorless oU. IR (deposit from CH2CI2 

solution on a NaCl plate): 1759 and 1735 (C=0); 1258 and 1124 (C-O) 

cm-1. iR NMR (CDCI3): 6 1.54 (s, 3H); 3.68-3.95 (m, IIH); 4.08-4.24 

(m, 8H); 4.53 (s, 2H); 6.86-6.94 (m, 8H). 

Methyl 5Viii-(Ethyl)dibeiizo-19-crown-6-oxyacetate (112) was 

obtained in 88% yield as a coloriess oU. IR (deposit from CH2CI2 

solution on a NaCl plate) 1759 and 1735 (C=0); 1257 and 1124 (C-0) 

cm-1. iR NMR (CDCI3): 6 0.98-1.06 (t, 3H); 1.95-2.05 (q, 2H); 3.68-

3.98 (m, IIH); 4.11-4.28 (m, 8H); 4.51 (s, 2H); 6.87-6.92 (m, 8H). 

Methyl 5V/w-(Propyl)dibenzo-19-crown-6-oxyacetate (113) was 

obtained in 85% yield as a colorless oU. IR (deposit from CH2CI2 
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solution on a NaCl plate): 1760 and 1737 (C=0); 1257 and 1124 (C-0) 

cm-1. iR NMR (CDCI3): 6 0.92-1.05 (t, 3H); 1.44-1.54 (m, 2H); 1.88-

1.98 (m, 2H); 3.65-3.92 (m, IIH); 4.08-4.19 (m, 6H); 4.27-4.37 (d, 2H); 

4.52 (s, 2H); 6.87-6.91 (m, 8H). 

Methyl ^/ii-(Butyl)dibeiizo-19-crown-6-oxyacetate (114) was 

obtained in 81% yield as a coloriess oU. IR (deposit from CH2CI2 

solution on a NaCl plate): 1759 and 1736 (C=0); 1257 and 1125 (C-0) 

cm-1. I R N M R (CDCI3): 5 0.91-1.02 (t, 3H); 1.37-1.48 (m, 4H); 1.91-

2.02 (m, 2H); 3.68-3.94 (m, IIH); 4.09-4.20 (m, 6H); 4.29-4.34 (d, 2H); 

4.52 (s, 2H); 6.83-6.97 (m, 8H). 

Ethyl 5V/ii-(Propyl)di[4(5)-tert-butvlbeiizo]-19-crown-6-oxv-

acetate (115) was obtained in 65% yield as a colorless oU. IR (deposit 

from CH2CI2 solution on a NaCl plate): 1759 and 1732 (C=0); 1267, 

1203 and 1145 (C-0) cm-1. I R N M R (CDCI3): 5 0.93-1.00 (t, 3H); 

1.19-1.27 (m, 21H); 1.42-1.50 (m, 2H); 1.87-1.96 (m, 2H); 3.80-3.92 (m, 

8H); 4.07-4.32 (m, 10 H); 4.44-4.46 (m, 2H); 6.75-6.97 (m, 6H). Anal. 

Calcd. for C36H54O9: C, 68.55; H, 8.63. Found: C, 68.78; H, 8.82. 

General Procedure for the Synthesis of svm-
(Alkyl)dibenzo-19-crown-6-oxyacetic Acids 116-119 

A mixture of 10.54 mmol of the methyl 57/w-(aUcyl)dibenzo-19-

crown-6-oxyacetate and 1.27 g (31.75 mmol) of NaOH in 50 mL of H2O 

was refluxed overnight. The reaction mixture was cooled to room 

temperature, washed with EtOAc (3 X 100 mL), acidified with 6 N HCl to 

pH 1, and extracted with CH2CI2 (3 X 100 mL). The combined extracts 

were dried over MgS04 and evaporated in vacuo to give a pale yeUow oU 

which was crystallized from Et20. 



128 

5V/7f-(Methyl)dibeiizo-19-crown-6-oxyacetic Acid (116) was ob

tamed in 69% yield as white crystals witii mp 104-105 oc. IR (deposit 

from CH2CI2 solution on a NaCl plate): 3343 (0-H); 1752 (C=0); 1257 

and 1124 (C-0) cm-1. I R N M R (CDCI3): 6 1.58 (s, 3H); 3.75-4.20 (m, 

14H); 4.33-4.40 (d, 2H); 4.54 (s, 2H); 6.88-6.94 (m, 8H). Anal. Calcd. 

for C24H30O9: C, 62.33; H, 6.54. Found: C, 62.28; H, 6.38. 

5Viii-(Ethyl)dibenzo-19-crown-6-oxyacetic Acid (117) was obtain

ed in 58% yield as white crystals with mp 115-116 oc. IR (deposit from 

CH2CI2 solution on a NaCl plate): 3367 (0-H); 1752 (C=0); 1257 and 

1124 (C-0) cm-1. iR NMR (CDCI3): 5 1.01-1.10 (t, 3H); 1.98-2.08 (q, 

2H), 3.68-4.22 (m, 14H); 4.36-4.41 (d, 2H); 4.55 (s, 2H); 6.88-6.94 (m, 

8H). Anal. Calcd. for C25H32O9: C, 63.01; H, 6.77. Found: C, 63.26; 

H,6.81. 

5y/ii-(Propyl)dibeiizo-19-crown-6-oxyacetic Acid (118) was ob

tained in 71% yield as white crystals witii mp 118-119 oc. IR (deposit 

from CH2CI2 solution on a NaCl plate): 3367 (0-H); 1750 (C=0); 1256 

and 1124 (C-0) cm-1. I R N M R (CDCI3): 5 0.99-1.09 (t, 3H); 1.45-1.57 

(m, 2H); 1.89-1.99 (m, 2H); 3.79-4.25(m, 14H); 4.37-4.42 (d, 2H); 4.56 

(s, 2H); 6.87-6.94 (m, 8H). Anal. Calcd. for C26H34O9: C, 63.66; H, 

6.99. Found: C, 63.74; H, 6.88. 

j>j#w-(Butyl)dibeiizo-19-crown-6-oxyacetic Acid (119) was obtain

ed in 64% yield as white crystals with mp 81-82 oc. IR (deposit from 

CH2CI2 solution on a NaCl plate): 3355 (0-H); 1758 (C=0); 1257 and 

1124 (C-0) cm-1. iR NMR (CDCI3): 5 0.97-1.07 (t, 3H); 1.41-1.51 (m, 

4H); 1.92-2.03 (m, 2H); 3.70-4.20 (m, 14H); 4.37-4.45 (d, 2H); 4.56 
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(s, 2H); 6.87-6.94 (m, 8H). Anal. Calcd. for C27H36O9: C, 64.27; H, 

7.19. Found: C, 64.10; H, 7.25. 

Preparation of 5vm-(Propvl)di[4(5)-tert-butylbenzo]-
19-crowii-6-oxvacetic Acid (120) 

A solution of 1.41 g (2.24 mmol) of ethyl 5ym-(propyl)di[4(5)-tert-

butylbenzo]-19-crown-6-oxyacetate (115) and 0.54 g (13.50 mmol) of 

NaOH in 50 mL of H2O was refluxed overnight. The reaction mixture 

was cooled to room temperature, washed with EtOAc (3 X 50 mL), 

acidified witii 6 N HCl to pH 1, and extracted widi CH2CI2 (2 X 100 

mL). The combined CH2CI2 extracts were dried over MgS04 and 

evaporated in vacuo to give a brownish oU. The oU was 

chromatographed on sihca gel with MeOH as eluent to give a yeUowish 

oU. To die oU was added CH2CI2 (100 mL) and 50 mL of 5% HCl. 

After shaking, the organic layer was separated, dried over MgS04, and 

evaporated in vacuo to give 0.91 g (67%) of a pale yeUow oU. IR 

(deposit from CH2CI2 solution on a NaCl plate): 3354 (0-H); 1770 and 

1731 (C=0); 1266, 1144 and 1058 (C-0) cm-1. I R N M R (CDCI3): 5 

0.99-1.07 (t, 3H); 1.27 (s, 18H); 1.50 (m, 2H); 1.89-1.90 (m, 2H); 3.70-

3.88 (m, 8H); 3.96-4.13 (m, 6H); 4.32-4.41 (m, 2H); 4.52-4.53 (d, 2H); 

6.76-7.00 (m, 6H). Anal. Calcd. for C34H50O9: C, 67.75; H, 8.36. 

Found: C, 68.04; H, 8.36. 
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Svnthetic Procedures for the Preparation of ̂ vm-
Tribenzo-19-crown-6-oxvacetic Acid (128) 

2-Beiizyloxyphenol (122). A mixture of 110 g (1.0 mol) of 

catechol, 56 g (1.0 mol) of KOH, and 650 mL of 95% EtOH was refluxed 

under nitrogen untU a solution was obtained. Benzyl chloride (115 mL, 

1.0 mol) was added over a period of 5 h with a syringe pump. Upon 

completion of the addition, the reaction mixture was refluxed for an 

additional 14 h and then aUowed to cool to room temperature. After 

filtration of the KCl precipitate, the solvent was evaporated in vacuo to 

give a brownish oU which was dissolved in Et20 (500 mL). The Et20 

solution was washed with 1 N aqueous NaOH (5 X 100 mL) and H2O (2 

X 100 mL), dried over MgS04, and evaporated in vacuo to give a 

yeUowish oU. The oU was distilled and the fraction boiling at 130-

133 oc/0.2 ToiT (lit.36 133-135 oc/0.1 Torr) gave 72.4 g (34%) of a 

colorless oU. IR (deposit from CH2CI2 solution on a NaCl plate): 3528 

(0-H); 1123 (C-0) cm-1. I R N M R (CDCI3): 6 5.07 (s, 2H); 5.69 (br s, 

IH); 6.80-6.96 (m, 4H); 7.36 (m, 5H). 

l,3-Bis(£i-beiizyloxyphenoxy)-2-propanol (123). To a solution of 

2-benzyloxyphenol (122) (39.7 g, 0.198 mol) in 2.7 L of 50% aqueous 

THF was added NaOH (7.92 g, 0.198 mol). The reaction mixture was 

stirred mechanically at 65 oc for 2 h and die resulting solution was 

aUowed to cool to 50 oc. Epichlorohydrin (9.24 g, 0.099 mol) was added 

to die vigorously stirred solution over an 8 h period with a syringe pump 

and the solution was stirred for 2 d at 50 oc. The THF was evaporated in 

vacuo and 400 mL of CH2CI2 was added to the aqueous residue. After 

shaking, the organic layer was separated, washed with 200 mL each of 
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5% HCl, brine, and water, dried over MgS04, ^^ evaporated in vacuo. 

The resulting yeUowish oU was purified by column chromatography on 

silica gel with a mixture of benzene-hexane (1:1, v/y) as eluent to give a 

pale yeUow oU which was crystaUized from Et20 to give 12.25 g (33%) of 

a white solid witii mp 55-56 oc. IR (KBr): 3492 (0-H); 1256 (C-0) 

cm-1. I R N M R (CDCI3): 6 3.31 (br d, IH); 4.18-4.28 (d, 4H); 4.31-4.41 

(m, IH); 5.08 (s, 4H); 6.92 (s, 8H); 7.25-7.44 (m, lOH). Anal. Calcd. for 

C29H28O5XO.ICH2CI2: C, 75.16; H, 6.11. Found: C, 75.32; H, 6.20. 

l,3-Bis(i7-hydroxyphenoxy)-2-propanol (124). A mixture of 

propanol 123 (6.35 g, 13.91 mmol), 10% Pd/C (0.20 g), acetic acid (4 

drops), and 95% EtOH (80 mL) was shaken in a Parr hydrogenator under 

3 atmospheres of hydrogen for 24 h at room temperature. The reaction 

mixture was filtered through a pad of Cehte on a sintered glass fimnel and 

die filtrate was evaporated in vacuo to give a pale yeUow sohd. The sohd 

was washed with cold CH2CI2 to give 3.28 g (92%) of a white sohd with 

mp 174-175 oc. IR (deposit from CH2CI2 solution on a NaCl plate): 

3362 (0-H); 1264 and 1036 (C-0) cm-1. I R N M R (acetone-d6): 5 

4.14-4.30 (m, 4H); 4.35-4.40 (m, IH); 5.00-5.20 (br s, IH); 6.73-6.86 (m, 

6H); 6.97-7.02 (m, 2H); 7.82 (br s, 2H). Anal. Calcd. for C15H16O5: C, 

65.21; H, 5.84. Found: C, 64.99; H, 5.81. 

l,2-Bis(2*-hydroxyethoxy)benzene (125). To a refluxmg solution 

of catechol (55.0 g, 0.50 mol) and NaOH (50.50 g, 1.20 mol) in 500 mL of 

absolute EtOH under nitrogen was added 96.0 g (1.20 mol) of 2-

cliloroethanol over a period of 5 h with a syringe pump. Upon completion 

of the addition, the reaction mixture was refluxed for 20 h. The reaction 

mixture was filtered and the filtrate was evaporated in vacuo. To the 
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residue CH2CI2 (300 mL) was added and die solution was washed witii 

1 N aqueous NaOH (2 X 200 mL) and H2O (2 X 200 mL), dried over 

MgS04, and evaporated in vacuo to give a brownish oU. The oil was 

crystalhzed from CH2Cl2-Et20 (1:29, v/y, 300 mL) to give 29.90 g 

(30%) of a white solid witii mp 86-87 oc (ht.39 mp 78-80 oc). IR 

(deposit from CH2CI2 solution on a NaCl plate): 3383 (0-H); 1253, 1221 

and 1080 (C-0) cm-1. I R N M R (CDCI3): 5 3.94-3.98 (m, 6H); 4.08-

4.15 (m,4H); 6.94 (s,4H). 

l,2-Bis(2*-hydroxyethoxy)beiizene Dimesylate (126). To a 

solution of 7.12 mL (51.3 mmol) of Et3N and 3.90 g (19.7 mmol) of 1,2-

bis(2'-hydroxyetiioxy)benzene (125) in 200 mL of CH2CI2 at 0 oc was 

added 4.96 g (43.3 mmol) of MsCl over a period of 1 h with a syringe 

pump. The reaction mixture was aUowed to warm to room temperature 

during 2 h and 20 mL of 5% aqueous HCl was added. After 30 min, the 

organic layer was separated, washed with 100 mL each of saturated 

aqueous NaHC03, brine, and H2O, dried over MgS04, and evaporated in 

vacuo to give a yellowish solid. The sohd was recrystaUized from a 

mixture of hexane-CH2Cl2 (19:1, v/v) to give 6.90 g (99%) of a white 

sohd with mp 144-145 oc. IR (KBr): 1348 and 1170 (SO2) cm-1. I R 

NMR (CDCI3): 5 3.15 (s, 6H); 4.25-4.30 (m, 4H); 4.57-4.62 (m, 4H); 

6.94-6.97 (m, 4H). Anal. Calcd. for C12H18O8S2: C, 40.67; H, 5.12. 

Found: C, 40.68; H, 5.00. 

5Vifi-(Hydroxy)tribenzo-19-crown-6 (127). A mixture of 

bisphenol alcohol 124 (3.0 g, 10.9 mmol) and CS2CO3 (14.15 g, 43.4 

mmol) in 120 mL of dry DMF was stirred for 3 h at 120-125 oc under 

nitrogen. A solution of 3.85 g (10.9 mmol) of dimesylate 126 in 50 mL of 
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dry DMF was added over a period of 12 h with a syringe and the mixture 

was stirred for 24 h at 120-130 oc. The reaction mixture was filtered and 

the filtrate was evaporated in vacuo to give a brownish oU which was 

dissolved m 300 mL of CH2CI2. The solution was washed widi water (3 

X 100 mL), dried over MgS04, and evaporated in vacuo to give a 

yeUowish oU which was chromatographed on sUica gel witii CH2CI2 as 

eluent. The resulting white sohd was washed with cold Et20 to provide 

2.47 g (52%) of a white sohd witii mp 145-147 oc. IR (KBr): 3547 

(0-H); 1229 and 1057 (C-0) cm-1. I R N M R (CDCI3): 5 3.16 (br d, 

IH); 4.20-4.24 (m, 5H); 4.37 (m, 8H); 6.88-7.00 (m, 12H). Anal. Calcd. 

for C25H26O7: C, 68.48; H, 5.98. Found: C, 68.09; H, 5.70. 

5Viii-Tribeiizo-19-crown-6-oxyacetic Acid (128). The mineral oU 

was removed from KH (1.78 g, 35% dispersion in mineral oU, 15.50 

mmol) by washing with dry pentane imder nitrogen. To the dry powder 

was added 2.27 g (5.18 mmol) of 5[y/w-(hydroxy)tribenzo-19-crown-6 

(127) in 150 mL of dry THF and the mixture was stirred for 2 h at room 

temperature. Dry bromoacetic acid (1.08 g, 7.77 mmol) in 40 mL of dry 

THF was added at room temperature over a period of 2 h witii a syringe 

pump. The mixture was stured overnight at room temperature and cooled 

to 0 oc. Ice-water was slowly added to consume the excess KH. The 

solvent was evaporated in vacuo and 200 mL of water was added to the 

residue. The aUcaline aqueous solution was washed with EtOAc (4 X 50 

mL), acidified witii 6 N HCl to pH 1, and extracted witii CH2CI2 (3 X 

100 mL). The combined extracts were dried over MgS04 ^ ^ evaporated 

in vacuo to give 2.01 g (78%) of a colorless oU. IR (deposit from 

CH2CI2 solution on a NaCl plate): 3696 (OH), 1756 (C=0), 1255 and 
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1127 (C-0) cm-1. I R N M R (CDCI3): 6 4.23-4.29 (m, 7H); 4.39 (s, 8H); 

6.90-7.04 (m, 12H); 7.40-7.60 (br s, IH). Anal. Calcd. for C27H28O9: 

C, 65.32; H, 5.68. Found: C, 65.04; H, 5.77. 

Synthetic Procedures for the Preparation of 4.4-
Bis(Q-hvdroxyphenoxymethvl)-3-oxabutanoic Acid (130) 

4,4-Bis(<i-beiizyloxyphenoxymethyl)-3-oxabutanoic Acid (129). 

After removal of the mineral oU from KH (2.15 g, 35% dispersion in 

mineral oil, 18.73 mmol) by washing with dry pentane under nitrogen, 

2.85 g (6.24 mmol) of l,3-bis(o-benzyloxyphenoxy)-2-propanol (123) in 

100 mL of dry THF was added slowly. The mixture was stirred for 2 h at 

room temperature and 1.04 g (7.49 mmol) of dry bromoacetic acid in 10 

mL of dry THF was added over a period of 1 h with a syringe pump. The 

mixture was stirred overnight at room temperature and cooled to 0 oc. 

Ice-water was added slowly to destroy the unreacted KH and the THF was 

evaporated in vacuo. To the residue was added 100 mL of H2O and the 

aUcaline aqueous solution was washed with EtOAc (3 X 50 mL) and 

acidified witii 6 N HCl to pH 1 foUowed by addition of CH2CI2 (100 mL). 

The organic layer was separated, dried over MgS04, and evaporated in 

vacuo to give 2.95 g (92%) of a colorless oU. IR (deposit from CH2CI2 

solution on a NaCl plate): 3343 (0-H); 1763 and 1729 (C=0) cm-1. I R 

NMR (CDCI3): 5 4.18-4.25 (m, 5H); 4.37 (s, 2H); 5.10 (s, 4H); 6.88-6.96 

(m, 8H); 7.25-7.44 (m, 10 H). Anal. Calcd. for C31H30O7: C, 72.36; H, 

5.88. Found: C, 72.15; H, 6.20. 

4,4-Bis(<?-hydroxyphenoxymethyl)-3-oxabutanoic Acid (130). A 

mixture of 2.80 g (5.44 mmol) of 129, 0.10 g of 10% Pd/C, 0.10 g of 
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p-TsOH and 80 mL of 95% EtOH was shaken vigorously in a Parr 

hydrogenator under 3 atmospheres of hydrogen at room temperature. 

Hydrogen uptake was complete after 24 h. The reaction mixture was 

filtered through a pad of Celite on a sintered glass fimnel and die filtrate 

was evaporated in vacuo to give a brownish oU. The oil was chroma

tographed on sUica gel with EtOAc tiien MeOH as eluents to give a pale 

brown oU. To the oU was added 100 mL of H2O and the aqueous 

solution was acidified witii 6 N HCl to pH 1 and extracted witii CH2CI2 

(2 X 100 mL). The combined extracts were dried over MgS04 and 

evaporated in vacuo to give 1.36 g (75%) of a coloriess oU. IR (deposit 

from CH2CI2 solution on a NaCl plate): 3420 (0-H); 1734 (C=0) cm-1. 

1 H N M R (acetone-d6): 6 4.23-4.27 (m, 5H); 4.32 (s, 2H); 6.73-6.95 (m, 

8H); 7.30-7.90 (br s, IH). Anal. Calcd. for: C15H16O5: C, 65.21; H, 

5.84. Found: C, 64.99; H, 5.81. 

Synthetic Procedures for the Preparation of 4,4-
Bis(o-hydroxyphenoxymethvl)-3-oxaethylbutanoate(132) 

4,4-Bis(0-beiizyloxyphenoxymethyl)-3-oxaethylbutanoate (131). 

A mixture of 1.00 g (1.94 mmol) of 129, 50 mL of EtOH, 50 mL of 

benzene, and 0.10 g of p-TsOH was refluxed overnight under nitrogen 

with the condensate passing through a Soxhlet thimble containing 

anhydrous Na2S04. The solvents were evaporated in vacuo and 100 mL 

of CH2CI2 was added to the residue. The organic layer was washed with 

saturated aqueous NaHC03 (2 X 50 mL) and H2O (1 X 50 mL), dried 

over MgS04, and evaporated in vacuo to give a yeUowish oU. The oU 

was chromatographed on alumina with benzene as eluent to give 0.92 g 
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(88%) of a coloriess oU. IR (deposit from CH2CI2 solution on a NaCl 

plate): 1750 (C=0) cm-1. I R N M R (CDCI3): 6 1.18-1.25 (t, 3H); 4.11-

4.15 (q, 2H); 4.31-4.33 (m, 5H); 4.46 (s, 2H); 5.07 (s, 2H); 6.88-6.92 (m, 

8H); 7.25-7.43 (m, lOH). Anal. Calcd. for C33H34O7XO.ICH2CI2: C, 

72.14; H, 6.18. Found: C, 72.14; H, 6.25. 

4,4-Bis(0-hydroxyphenoxymethyl)-3-oxaethylbutanoate (132). 

Catalytic hydrogenolysis of 0.67 g (1.23 mmol) of 131 was performed 

under the same conditions given for compound 130. Upon completion of 

the reaction, the reaction mixture was filtered through a pad of Cehte on a 

sintered glass fimnel and the filtrate was evaporated in vacuo to give a 

brownish oU. The oU was chromatographed on sihca gel with CH2CI2 as 

eluent to give 0.36 g (81%) of a colorless oU. IR (deposit from CH2CI2 

solution on a NaCl plate): 3422 (0-H); 1744 (C=0) cm-1. I R N M R 

(CDCI3): 6 1.24-1.32 (t, 3H); 4.19-4.26 (m, 7H); 4.33 (s, 2H); 6.38 (br s, 

2H); 6.83-6.96 (m, 8H). Anal. Calcd. for C19H22O7: C, 63.00; H, 6.12. 

Found: C, 63.25; H, 6.31. 

Preparation of L3-Bis(Q-benzyloxvphenoxv)-
2-propanone (134) 

To a stirred solution of l,3-bis(o-benzyloxyphenoxy)-2-propanol 

(123) (7.08 g, 15.5 mmol) in 200 mL of acetone at 0 oc was added 20 mL 

of Jones reagentl"^ over a period of 1 h with a syringe pump. The 

reaction mixture was stirred overnight at room temperature and filtered. 

The filtered green residue was washed with acetone (2 X 50 mL). The 

combined filtrate and washings were evaporated in vacuo and the residue 

was dissolved in CH2CI2 (300 mL). The organic solution was washed 
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witii water (3 X 100 mL), dried over MgS04, and evaporated in vacuo to 

give a brovmish oU. The oU was chromatographed on alumina with 

benzene as eluent to provide a yellowish oU which was crystallized from 

50 mL of Et20 to give 4.45 g (70%) of a white sohd witii mp 104-105 oc. 

IR (KBr): 1744 (C=0), 1258, 1124 and 1046 (C-0) cm-1. I R N M R 

(CDCI3): 6 4.91 (s, 4H); 5.10 (s, 4H); 6.79-6.95 (m, 8H); 7.24-7.40 (m, 

lOH). Anal. Calcd. for C29H26O5: C, 76.63; H, 5.77. Found: C, 76.83; 

H, 5.63. 

General Procedure for the Synthesis of l-(Q-Benzyloxyphenoxv)-2-
[methylene-(o-benzvloxyphenoxy)]-2-aUcanols 135 and 136 

A mixture of magnesium turnings (0.53 g, 21.81 mmol), 1-bromo-

aUcane (21.81 mmol), and dry THF (150 mL) was refluxed under nitrogen 

until the magnesium turnings had nearly disappeared. The mixture was 

cooled to 0 oc and a solution of 3.30 g (7.26 mmol) of l,3-bis(o-

benzyloxyphenoxy)-2-propanone (134) in 30 mL of dry THF was added 

with a syringe pump over a period of 1 h. Upon completion of the 

addition, the reaction mixture was refluxed overnight. After coohng to 

0 oc, 50 mL of 5% aqueous NH4CI was added carefiilly. The reaction 

mixture was stirred for 1 h at room temperature and die THF was 

evaporated in vacuo. To the aqueous residue was added 200 mL each of 

H2O and CH2CI2. After shaking, die organic layer was separated, dried 

over MgS04, and evaporated in vacuo to give a yeUowish oU which was 

chromatographed on alumina with CH2CI2 as eluent to give the desired 

product. 
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l-(£?-Beiizyloxyphenoxy)-2-[methylene({?-beiizyloxyphenoxy)]-2-

pentanol (135) was obtained in 83% yield as a colorless oU. IR (deposit 

from CH2CI2 solution on a NaCl plate): 3487 (0-H); 1256, 1122 and 

1023 (C-0) cm-1. I R N M R (CDCI3): 6 0.87-0.95 (t, 3H); 1.45-1.54 (m, 

2H); 1.70-1.78 (m, 2H); 3.04 (br s, IH); 3.99-4.04 (d, 2H); 4.10-4.15(d, 

2H); 5.05 (s, 4H); 6.85-6.92 (m, 8H); 7.25-7.42 (m, lOH). Anal. Calcd. 

for C32H34O5: C, 77.08; H, 6.87. Found: C, 76.70; H, 6.73. 

l-(<7-Beiizyloxyphenoxy)-2-[methylene(0-benzyloxyphenoxy)]-2-

decanol (136) was obtained in 54% yield as a colorless oU. IR (deposit 

from CH2CI2 solution on a NaCl plate): 3492 (0-H); 1256,1122 and 1024 

(C-0) cm-1. I R N M R (CDCI3): 6 0.85-0.92 (t, 3H); 1.20-1.50 (m, 12); 

1.68-1.71 (m, 2H); 3.11 (br s, IH); 4.00-4.05 (d, 2H); 4.10-4.15 (d, 2H); 

5.04 (s, 4H); 6.89-6.90 (m, 8H); 7.29-7.39 (m, lOH). Anal. Calcd. for 

C23H32O5: C, 71.11; H, 8.30. Found: C, 71.10; H, 8.23. 

General Procedure for the Synthesis of l-(Q-Hvdroxyphenoxy)-2-
[methvlene-(o-hydroxyphenoxy)]-2-aUcanols 137 and 138 

Catalytic hydrogenolysis of the l-(o-benzyloxyphenoxy)-2-

[methylene(o-benzyloxyphenoxy)]-2-aUcanol (7.04 mmol) was performed 

under the conditions given for compound 124. After reaction, the 

reaction mixture was filtered through a pad of Cehte on a sintered glass 

fimnel and the filtrate was evaporated in vacuo to ^\Q a colorless oU. 

The oil was dissolved in CH2CI2 (100 mL) and the solution was washed 

with H2O (3 X 50 mL), dried over MgS04, and evaporated in vacuo. 

The residual oil was crystalhzed from Et20. 
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l-(<>-Hydroxyphenoxy)-2-[methylene(^-hydroxyphenoxy)]-2-

pentanol (137) was obtained m 82% yield as a white sohd witii mp 167-

168 oc. IR (KBr): 3362 (0-H); 1264, 1111 and 1037 (C-0) cm-1. IR 

NMR (acetone-d6): 5 0.89-0.96 (t, 3H); 1.46-1.58 (m, 2H); 1.79-1.87 (m, 

2H); 2.85-3.10 (br s, 2H); 4.09-4.25 (q, 4H); 6.71-6.84 (m, 6H); 6.94-7.01 

(m, 2H); 7.10-7.70 (br s, IH). Anal. Calcd. for C18H22O5: C, 67.91; H, 

6.96. Found: C, 68.00, H, 6.82 

l-(i7-Hydroxyphenoxy)-2-[methylene(<7-hydroxyphenoxy)]-2-

decanol (138) was obtained in 86% yield as a colorless oU. IR (deposit 

from CH2CI2 solution on a NaCl plate): 3362 (0-H); 1264, 1111 and 

1037 (C-0) cm-1. I R N M R (CDCI3): 6 0.80-0.86 (t, 3H), 1.09-1.23 (m, 

12H); 1.76-1.88 (m, 2H); 3.93-4.05 (m, 4H); 5.55 (br s, IH); 6.50-6.55 (d, 

2H); 6.61-6.69 (m, 2H); 6.78-6.86 (m, 2H); 6.94-6.99 (m, 2H); 8.02 (br s, 

2H). Anal. Calcd. for C23H32O5: C, 71.11; H, 8.30. Found: C, 71.10; 

H, 8.23. 

General Procedure for the Synthesis of ̂ vw-
(Alkyl)(hydroxy)tribenzo-19-crown-6 Compounds 139 and 140 

A mixture of l-(o-hydroxyphenoxy)-2-[methylene(o-hydroxyphe-

noxy)]-2-aUcanol (3.05 mmol), CS2CO3 (3.97 g, 12.19 mmol), and dry 

DMF (50 mL) was stirred for 3 h at 120-125 oc under nitrogen. Witii a 

syringe pump, a solution of dimesylate 126 (1.08 g, 3.05 mmol) in 40 mL 

of dry DMF was added over a period of 12 h. The mixture was stirred for 

an additional 24 h at 120-125 oc, cooled to room temperature, and 

filtered. The filtrate was evaporated in vacuo and 200 mL of CH2CI2 

was added to the residue. The solution was washed with water 
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(3 X 100 mL), dried over MgS04, and evaporated in vacuo to give a 

yellowish oU. The oU was chromatographed on sUica gel witii CH2CI2 as 

eluent to give a pale yeUow oU which was crystaUized from Et20. 

5);/ii-(Hydroxy)(propyl)tribeiizo-19-crown-6 (139) was obtained 

in 35% yield as a white solid witii mp 115-116 oc. IR (KBr): 3498 

(0-H); 1253, 1114 and 1043 (C-0) cm-1. IR N M R (CDCI3): 5 0.79-

0.87 (t, 3H); 1.45-1.49 (m, 2H); 1.62-1.67 (m, 2H); 2.80-3.20 (br s, IH); 

4.11 (s, 4H); 4.31-4.35 (s, 8H); 6.86-6.94 (m, 12H). Anal. Calcd. For 

C28H32O7XO.2CH2CI2: C, 68.08; H, 6.56. Found: C, 67.77; H, 6.81. 

5V/ff-(Hydroxy)(octyl)tribeiizo-19-crown-6 (140) was obtained in 

37% yield as a white sohd witii mp 67-68 oc. IR (JCBr): 3503 (0-H); 

1256, 1117 and 1044 (C-0) cm-1. I R N M R (CDCI3): 5 0.83-0.88 (t, 

3H); 1.20-1.42 (m, 12H); 1.64-1.72 (m, 2H); 3.13 (br s, IH); 4.12 (s, 4H); 

4.35 (s, 8H); 6.89-6.95 (m, 12H). Anal. Calcd. for C33H42O7XO.IH2O: 

C, 71.74; H, 7.70. Found: C, 71.39; H, 7.51. 

General Procedure for the Synthesis of Ethyl svm-
(Alkyl)tribenzo-19-crown-6-oxvacetates 141 and 142 

The mineral oil was removed from NaH (0.27 g, 60% dispersion in 

mineral oil, 6.76 mmol) by washing with dry pentane under nitrogen. To 

the dry powder was added a solution of 1.35 mmol of the sym-

(aUcyl)(hydroxy)tribenzo-19-crown-6 in 80 mL of dry THF. The mixture 

was stirred for 2 h at room temperature and ethyl bromoacetate (0.34 g, 

2.03 mmol) in 10 mL of dry THF was added over a period of 2 h with a 

syringe pump. Upon completion of the addition, the reaction mixture was 

stirred overnight at room temperature and then cooled to 0 oc. Ice-water 
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was slowly added to destroy the excess NaH. The THF was evaporated 

in vacuo and 100 mL of CH2CI2 was added to the residue. After 

shaking, the organic layer was separated, washed with water (3 X 100 

mL), dried over MgS04, and evaporated in vacuo. The resultmg pale 

yeUow oU was chromatographed on sihca gel with CH2CI2 then EtOAc as 

eluents to provide the desired product. 

Ethyl 5j/fi-(Propyl)tribenzo-19-crown-6-oxyacetate (141) was 

obtained in 89% yield as a colorless oU. IR (deposit from CH2CI2 

solution on a NaCl plate): 1754 and 1731 (C=0); 1256 and 1117 (C-0) 

cm-1. I R N M R (CDCI3): 6 0.78-0.85 (t, 3H); 1.10-1.17 (t, 3H); 1.40-

1.50 (m, 2H); 1.70-1.77 (m, 2H); 4.00-4.08 (q, 2H); 4.23-4.39 (m, 14H); 

6.86-6.96 (m, 12H). Anal. Calcd. for C32H38O9: C, 67.83; H, 6.76. 

Found: C, 68.23; H, 6.60. 

Ethyl 5Viii-(Octyl)tribeiizo-19-crown-6-oxyacetate (142) was 

obtained in 93% yield as a coloriess oU. IR (deposit from CH2CI2 

solution on a NaCl plate): 1756 and 1726 (C=0); 1256 and 1126 (C-0) 

cm-1. iR NMR (CDCI3): 5 0.83-0.89 (t, 3H); 1.10-1.19 (m, 15H); 1.74-

1.83 (m, 2H); 4.00-4.09 (q, 2H); 4.23-4.25 (m, 4H); 4.30-4.38 (m, lOH); 

6.85-6.93 (m, 12H). Anal. Calcd. for C37H48O9: C, 69.79; H, 7.60. 

Found: C, 69.96; H, 7.50. 

General Procedure for the Svnthesis of svm-
(Alkvl)tribenzo-19-crown-6-oxyacetic Acids 143 and 144 

A mixture of 1.59 mmol of etiiyl 5Vw-(aUcyl)tribenzo-19-crown-6-

oxyacetate and 0.38 g (9.54 mmol) of NaOH in 50 mL of H2O was 

refluxed overnight. The aqueous solution was cooled to room 
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temperature, washed witii Et20 (3 X 100 mL), acidified witii 6 N HCl to 

pH 1, and extracted witii CH2CI2 (3 X 50 mL). The combined CH2CI2 

extracts were dried over MgS04 and evaporated in vacuo. The resulting 

brown oU was chromatographed on sihca gel with EtOAc then MeOH as 

eluents to give a colorless oU. The oU was dissolved in 50 mL of H2O, 

acidified witii 6 N HCl to pH 1, and extracted witii CH2CI2 (3 X 50 mL). 

The combined CH2CI2 extracts were dried over MgS04 and evaporated 

in vacuo to give the desired product. 

syiw-(Propyl)tribeiizo-19-crown-6-oxyacetic Acid (143) was ob

tamed in 63% yield as a colorless oU. IR (deposit from CH2CI2 solution 

on a NaCl plate): 3355 (0-H); 1772 and 1731 (C=0); 1255, 1218 and 

1126 (C-0) cm-1. I R N M R (CDCI3): 5 0.85-0.92 (t, 3H), 1.35-1.47 (m, 

2H); 1.72-1.80 (m, 2H); 4.10-4.15 (d, 2H); 4.26-4.41 (m, 12H); 6.81-7.03 

(m, 12H). Anal. Calcd. for C30H34O9: C, 66.90; H, 6.36. Found: C, 

67.13; H, 6.32. 

5Viii-(OctyI)tribeiizo-19-crown-6-oxyacetic Acid (144) was ob

tained in 62% yield as a colorless oU. IR (deposit from CH2CI2 solution 

on a NaCl plate): 3367 (0-H); 1773 and 1731 (C=0); 1256, 1219 and 

1127 (C-0) cm-1. iR NMR (CDCI3): 5 0.85-0.91 (t, 3H); 1.20-1.41 (m, 

12H); 1.72-1.82 (m, 2H); 4.09-4.15 (d, 2H); 4.26-4.36 (m, 12H); 6.86-

6.97 (m, 12H). Anal. Calcd. for C35H44O9: C, 69.06; H, 7.29. Found: 

C, 69.27; H, 7.21. 
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Svnthetic Procedures for the Preparation of 
1 l-(Hydroxymethyl)-2.3-benzo-18-crovm-6 (155) 

Diethyl 3,6-Dioxa-4-(beiizyloxymethyl)-l,8-octanedicarboxylate 

(147). To a refluxing solution of 3-(0-benzyl)glycerol (145) (10.00 g, 

54.88 mmol), tert-BuOK (30.79 g, 274. 40 mmol), and tert-BuOH (400 

mL) under nitrogen was added chloroacetic acid (12.97 g, 137.20 mmol) 

in 40 mL of tert-BuOH over a period of 2 h with a syringe pump. Upon 

completion of the addition, the reaction mixture was refluxed for an 

additional 15 h. The solvent was evaporated in vacuo and the residue 

was dissolved in H2O (500 mL). The aUcaline aqueous solution was 

washed witii Et20 (2 X 200 mL), acidified witii 6 N HCl to pH 1, and 

extracted with EtOAc (3 X 100 mL). The combined EtOAc extracts were 

dried over MgS04 ^^^ evaporated in vacuo to give 16.45 g of crude 

diacid 146 as a yellowish oU. The oil was dissolved in a mixture of 

EtOH-benzene (1:1, v/v, 200 mL). To the solution was added 0.20 g of 

p-TsOH and the reaction mixture was refluxed for 5 h with continuous 

cnculation of the condensing vapors through a Soxhlet thimble which 

contained anhydrous Na2S04. The solvents were evaporated in vacuo 

and the residue was dissolved in Et20 (300 mL). The Et20 solution was 

washed witii aqueous NaHC03 (2 X 100 mL) and H2O (2 X 100 mL), 

dried over MgS04, and evaporated in vacuo to give 14.03 g (72%) of a 

coloriess oU (ht.47 66%). IR (deposit from CH2CI2 solution on a NaCl 

plate): 1753 and 1720 (C=0); 1206 and 1132 (C-0) cm-1. I R N M R 

(CDCI3): 5 1.22-1.31 (m, 6H); 3.65-3.74 (m, 4H); 3.75-3.76 (m, IH); 

4.11-4.26 (m, 6H); 4.33 (s, 2H); 4.54 (s, 2H); 7.30-7.34 (m, 5H). 
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3,6-Dioxa-4-(benzyloxymethyl)-l,8-octanediol (148). A mixture 

of diester 147 (14.03 g, 40.35 mmol), LiAlH4 (4.13 g, 108.90 mmol), and 

dry THF (200 mL) was refluxed for 3 h under nitrogen. The reaction 

mixture was cooled in an ice-bath whUe the foUowing additions were 

made slowly and consecutively: 12 mL of aqueous THF (1:5, v/v); 10 mL 

of 15% aqueous NaOH; and 20 mL of aqueous THF (1:1, v/v). The 

resulting mixture was aUowed to stand overnight at room temperature, 

after which the precipitated inorganic material was filtered and washed 

with hot THF. The combined filtrate and washings were evaporated in 

vacuo to give a brownish oU. The oU was dissolved in CH2CI2 (300 mL) 

and the organic solution was washed with H2O (2 X 100 mL), dried over 

MgS04, and evaporated in vacuo to give a yeUowish oU. The oU was 

chromatographed on sUica gel with CH2CI2 then EtOAc as eluents to give 

9.74 g (89%) of 148 as a coloriess oU (ht.47 86%) . IR (deposit from 

CH2CI2 solution on a NaCl plate): 3395 (0-H); 1070 (C-0) cm-1. I R 

NMR (CDCI3): 6 2.53-2.62 (t, IH); 3.24-3.35 (t, IH); 3.53-3.62 (m, 6H); 

3.70-3.79 (m, 7H); 4.56 (s, 2H); 7.26-7.37 (m, 5H). 

l,2-Bis(2'-hydroxyethoxy)benzene Ditosylate (149). To a stirred 

mixture of l,2-bis(2'-hydroxyetiioxy)benzene (125) (8.60 g, 43.39 mmol) 

and NaOH (6.07 g, 151.85 mmol) in aqueous THF (1:15, v/v, 320 mL) at 

0 oc was added TsCl (24.82 g, 130.17 mmol) in 100 mL of THF over a 

period of 2 h witii a dropping fimnel. Upon completion of the addition, 

the reaction mixture was stirred for an additional 2 h at 0 oc. The THF 

was evaporated in vacuo and CH2CI2 (300 mL) was added to tiie residue. 

The solution was washed witii H2O (3 X 100 mL), dried over MgS04, 

and evaporated in vacuo to give a brownish oil. The oU was crystaUized 
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from a mixture of Et20-CH2Cl2 (29:1, v/v, 300 mL) to give 20.85 g 

(96%) of product as a white sohd witii mp 98-99 oc (ht.48 mp 96 oC). 

IR (deposit from CH2CI2 solution on a NaCl plate): 1355 (SO2); 1176 

(C-0) cm-1. I R N M R (CDCI3): 5 2.43 (s, 6H); 4.13-4.18 (m, 4H); 4.29-

4.34 (m, 4H); 6.78-6.93 (m, 4H); 7.31-7.35 (d, 4H); 7.78-7.82 (d, 4H). 

3,6,9,12-Tetraoxa-7-(benzyloxymethyl)-l,14-tetradecanedioic 

Acid (150). To a refluxing solution of diol 148 (6.63 g, 24.53 mmol) and 

tert-BuOK (13.76 g, 122.63 mmol) in 400 mL of tert-BuOH under 

nitrogen was added a solution of chloroacetic acid (5.80 g, 61.33 mmol) in 

30 mL of tert-BuOH over a period of 1 h with a syringe pump. Upon 

completion of the addition, the reaction mixture was refluxed for 15 h. 

The solvent was evaporated in vacuo and the residue was dissolved in 300 

mL of H2O. The aUcaline aqueous solution was washed with EtOAc (3 X 

100 mL), acidified witii 6 N HCl to pH 1, and extracted witii CH2CI2 (2 

X 100 mL). The combined extracts were dried over MgS04 and 

evaporated in vacuo to give a yellowish oU. The oU was chromato

graphed on sihca gel with MeOH as eluent to give 8.61 g (91%) of 

product as a pale yeUow oU. IR (deposit from CH2CI2 solution on a 

NaCl plate): 3660-2220 (0-H); 1740 (C=0); 1116 (C-0) cm-1. I R 

NMR (CDCI3): 5 3.54-3.82 (m, 13H); 4.16-4.17 (d, 4H); 4.54 (s, 2H); 

7.32 (m, 5H). Anal. Calcd. for C18H26O9XO.ICH2CI2: C, 55.05; H, 

6.64- Found: C, 55.00; H, 6.75. 

Diethyl 3,6,9,12-Tetraoxa-7-(benzyloxymethyl)-l,14-tetradec-

anedicarboxylate (151). Esterification of the carboxyhc acid groups in 

compound 150 (5.92 g, 15.32 mmol) was performed under the conditions 

given for compound 147. After reaction, the solvents were evaporated in 
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vacuo and 300 mL of Et20 was added to die residue. The Et20 solution 

was washed witii saturated aqueous NaHC03 (2 X 100 mL) and H2O (2 

X 100 mL), dried over MgS04, and evaporated in vacuo to give a 

yeUowish oU. The oil was chromatographed on sUica gel with CH2CI2 

then EtOAc as eluents to give 6.07 g (90%) of product as a pale yeUow 

oU. IR (deposit from CH2CI2 solution on a NaCl plate): 1753 and 1726 

(C=0); 1147 and 1120 (C-0) cm-1. I R N M R (CDCI3): 5 1.24-1.32 (t, 

6H); 3.58-3.80 (m, 13H); 4.13-4.23 (m, 8H); 4.55 (s, 2H); 7.32 (s, 5H). 

Anal. Calcd. for C22H34O9: C, 59.71; H, 7.74. Found: C, 59.89; H, 

7.76. 

3,6,9,12-Tetraoxa-7-(beiizyloxymethyl)-l,14-tetradecanediol 

(152). Reduction of the ester fimctions in compound 151 (1.40 g, 36.79 

mmol) was performed under the conditions given for compound 148. 

After the precipitated morganic material was filtered and washed with hot 

THF, the combined filtrate and washings were evaporated in vacuo and 

200 mL of CH2CI2 was added to the aqueous residue. The organic layer 

was separated, washed witii H2O (3 X 50 mL), dried over MgS04, and 

evaporated in vacuo to give a pale yeUow oU. The oU was 

chromatographed on silica gel with EtOAc then MeOH as eluents to give 

3.47 g (71%) of product as a coloriess oU (ht.49 oU). IR (deposit from 

CH2CI2 solution on a NaCl plate): 3420 (0-H); 1101 (C-0) cm-1. I R 

NMR (CDCI3): 5 3.53-3.79 (m, 21H); 4.55 (s, 2H); 7.33 (s, 5H). 

3,6,9,12-Tetraoxa-7-(benzyloxymethyl)-l,14-tetradecane Di

mesylate (153). Mesylation of the alcohol groups in compound 152 

(3.39 g, 9.46 mmol) was performed under the conditions given for 

compound 126. After reaction, 30 mL of 10% aqueous HCl was added to 
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the reaction mixture. The organic layer was separated, washed with 

saturated aqueous NaHC03 (2 X 50 mL), brine (1 X 50 mL) and H2O (1 

X 50 mL), and dried over MgS04. Evaporation of the solvent in vacuo 

gave a pale yeUow oU. The oU was chromatographed on sUica gel witii 

CH2CI2 tiien EtOAc as eluents to give 4.77 g (98%) of product as a 

colorless oU (lit.49 oil). IR (deposit from CH2CI2 solution on a NaCl 

plate): 1351 and 1174 (SO2); 1104 (C-0) cm-1. I R N M R (CDCI3): 5 

3.04-3.05 (d, 6H); 3.55-3.77 (m, 17H); 4.34-4.36 (m, 4H); 4.54 (s, 2H); 

7.33 (s, 5H). 

1 l-(Beiizyloxyinethyl)-2,3-dibeiizo-18-crown-6 (154). 

Method A. To a refluxing solution of 3,6-dioxa-4-(benzyloxymethyl)-

1,8-octanediol (148) (12.44 g, 46.02 mmol) and KOH (6.44 g, 115.05 

mmol) in aqueous THF (1:25, v/v, 104 mL) was added 23.32 g (46.02 

mmol) of ditosylate 149 in 100 mL of THF over a period of 5 h with a 

syringe pump. Upon completion of the addition, the reaction mixture was 

refluxed for an additional 3 h and then aUowed to cool to room 

temperature. The THF was evaporated in vacuo and CH2CI2 (300 mL) 

was added to the semi-sohd residue. The insoluble salt was filtered and 

washed with CH2CI2 (2 X 20 mL). The combined filterate and washings 

were washed with H2O (2 X 50 mL), dried over MgS04, and evaporated 

in vacuo to give a brownish oU. The oil was chromatographed on 

alumina with benzene then EtOAc as eluents to give 9.55 g (48%) of 

product as a colorless oU (lit.47 54%). IR (deposit from CH2CI2 solution 

on a NaCl plate): 1256 and 1227 (C-0) cm-1. I R N M R (CDCI3): 5 

3.51-3.53 (d, 2H); 3.64-3.93 (m, 15 H); 4.13-4.17 (m, 4H); 4.53 (s, 2H); 

6.89 (s, 4H); 7.29-7.34 (m, 5H). 
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Method B. A mixture of catechol (0.34 g, 3.09 mmol), CS2CO3 (2.52 g, 

7.73 mmol), and dry CH3CN (100 mL) was refluxed for 3 h under 

nitrogen. To the reaction mixture was added a solution of dimesylate 153 

(1.59 g, 3.09 mmol) in 40 mL of dry CH3CN over a period of 5 h with a 

syringe pump. Upon completion of the addition, the reaction mixture was 

refluxed for an additional 24 h, cooled to room temperature, and filtered. 

The filtered solid was washed with CH2CI2 (2 X 30 mL). The combmed 

filtrate and washings were evaporated in vacuo and 200 mL of CH2CI2 

was added to the residue. The solution was washed with water (3 X 100 

mL), dried over MgS04, and evaporated in vacuo to give a yeUowish oU. 

The oU was chromatographed on alumina with EtOAc as eluent to give 

0.80 g (60%) of product as a colorless oU. IR (deposit from CH2CI2 

solution on a NaCl plate): 1256 and 1227 (C-0) cm-1. I R N M R 

(CDCI3): 6 3.51-3.53 (d, 2H); 3.64-3.93 (m, 15 H); 4.13-4.17 (m, 4H); 

4.53 (s, 2H); 6.89 (s, 4H); 7.29-7.34 (m, 5H). 

1 l-Hydroxymethyl-2,3-benzo-18-crown-6 (155). Catalytic 

hydrogenolysis of 154 (1.50 g, 3.47 mmol) was performed under die 

conditions given for compound 130. Upon completion of the reaction, the 

reaction mixture was filtered tiirough a pad of Cehte on a sintered glass 

fimnel and the filtrate was evaporated in vacuo to give a colorless oU. 

The oU was cliromatographed on silica gel witii EtOAc tiien MeOH as 

eluents to give 1.13 g (95%) of product as a colorless oU (lit.47 96%). IR 

(deposit from CH2CI2 solution on a NaCl plate): 3382 (0-H); 1256 and 

1124 (C-0) cm-1. iR NMR (CDCI3): 6 3.67-3.96 (m, 17 H); 4.14-4.19 

(m,4H); 6.89-6.91 (s,4H). 
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General Procedure for the Synthesis of 
Ethyl BromoaUcanoates 156-158 

Esterification of the carboxyhc acid fimction in the ethyl bromo-

aUcanoic acid (22.41 mmol) was performed under the conditions given for 

compound 147. After reaction, the solvents were evaporated in vacuo 

and 300 mL of Et20 was added to the residue. The Et20 solution was 

washed witii saturated aqueous NaHC03 (2 X 50 mL) and H2O (1 X 50 

mL), dried over MgS04, and evaporated in vacuo to give the desired 

product. 

Ethyl 5-Bromopentanoate (156) was obtained in 99% yield as a 

pale yeUow oU. IR (deposit from CH2CI2 solution on a NaCl plate): 

1735 (C=0) cm-1. I R NMR (CDCI3): 6 1.23-1.32 (t, 3H); 1.77-1.92 (m, 

4H); 2.31-2.38 (t, 2H); 3.39-3.45 (t, 2H); 4.08-4.19 (q, 2H). 

Ethyl 8-Bromooctanoate (157) was obtained in 99% yield as a 

pale yellow oil. IR (deposit from CH2CI2 solution on a NaCl plate): 

1735 (C=0) cm-1. I R N M R (CDCI3): 6 1.29-1.69 (m, 12H); 1.78-1.89 

(m, 2H); 2.26-2.33 (t, 2H); 3.37-3.44 (t, 2H); 4.07-4.18 (q, 2H). 

Ethyl 11-Bromoundecanoate (158) was obtained in 99% yield as a 

pale yellow oU. IR (deposit from CH2CI2 solution on a NaCl plate): 

1736 (C=0) cm-1. I R N M R (CDCI3): 5 1.22-1.41 (m, 15H); 1.58-1.65 

(m, 2H); 1.82-1.89 (m, 2H); 2.25-2.32 (t, 2H); 3.37-3.44 (t, 2H); 4.07-

4.18 (q,2H). 
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Preparation of 2-^ll-(Metilvlene)-2.3-
benzo-l8-crovm-6-oxy1ethanoic Acid (159) 

After removal of the mineral oU from NaH (0.11 g, 60% dispersion 

in mineral oil, 2.75 mmol) by washing with dry pentane under nitrogen, 

0.19 g (0.55 mmol) of the lariat etiier alcohol 155 in 30 mL of dry THF 

was added slowly. The mixture was stirred for 2 h at room temperature 

imder nitrogen and 0.12 g (0.86 mmol) of dry bromoacetic acid in 10 mL 

of dry THF was added over a period of 1 h with a syringe pump. The 

mixture was stirred overnight at room temperature and cooled to 0 oc. 

Ice-water was added slowly to destroy the unreacted NaH and the THF 

was evaporated in vacuo. To the residue was added H2O (30 mL) and 

the aUcalme aqueous solution was washed with EtOAc (3 X 30 mL), 

acidified witii 6 N HCl to pH 1, and extracted witii CH2CI2 (3 X 50 mL). 

The combined extracts were dried over MgS04 and evaporated in vacuo 

to give 0.13 g (58%) of a pale yellow oU. IR (deposit from CH2CI2 

solution on a NaCl plate): 3318 (0-H); 1734 (C=0); 1256 and 1126 (C-0) 

cm-1. iR NMR (CDCI3): 6 2.10-3.10 (br s, IH); 3.62-4.05 (m, 18H); 

4.10-4.22(m, 5H); 6.89 (s, 4H). Anal. Calcd. for C19H28O9: C, 56.99; 

H, 7.05. Found: C, 57.31; H, 6.79. Note: When die aUcylation reaction 

was performed under the same conditions but with ethyl bromoacetate as 

tiie aUcylating agent at reflux, compound 159 was obtained in 54% yield. 

General Procedure for the Synthesis of 
Renzo-18-crown-6-oxyaUcanoic Acids 160-162 

After removal of the mineral oU from NaH (0.71 g, 60% dispersion 

in mineral oU, 17.82 mmol) by washing with dry pentane under nitrogen. 
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1.22 g (3.56 mmol) of die lariat etiier alcohol 155 in 100 mL of dry THF 

was added slowly. The mixture was stirred for 2 h at room temperature 

under nitrogen and then 5.34 mmol of the etiiyl bromoaUcanoate in 10 mL 

of dry THF was added over a period of 1 h with a syringe pump. The 

mixture was refluxed overnight and cooled to 0 oc. Ice-water was added 

slowly to destroy the unreacted NaH and the THF was evaporated in 

vacuo. To the residue was added H2O (100 mL) and the aUcaline 

aqueous solution was washed with EtOAc (3 X 100 mL), acidified with 

6 N HCl to pH 1, and extracted witii CH2CI2 (3 X 100 mL). The 

combined CH2CI2 extracts were dried over MgS04 ^nd evaporated in 

vacuo to give a yeUowish oU. The oil was purified by simple distiUation 

of contaminants to give the desired product. 

5- [ 1 l-(Methylene)-2,3-benzo- 18-crown-6-oxy] pentanoic Acid 

(160) was obtained in 60% yield as a pale yeUow oU by evaporating the 

impurities at 80-85 oc (0.5 Torr) for 1 d. IR (deposit from CH2CI2 

solution on a NaCl plate): 3437 (0-H); 1729 (C=0); 1256 and 1124 (C-0) 

cm-1. iR NMR (CDCI3): 5 1.63-1.66 (m, 4H); 2.28-2.38 (t, 2H); 

3.45-3.94 (m, 19H); 4.13-4.17 (m, 4H); 4.50-5.40 (br s, IH); 6.89 (s, 4H). 

Anal. Calcd. for C22H34O9: C, 59.71; H, 7.74. Found: C, 59.54; H, 

7.46. 

8-[ll-(Methylene)-2,3-benzo-18-crown-6-oxy]octanoic Acid 

(161) was obtained in 46% yield as a pale yeUow oU by evaporating tiie 

impurities at 120-125 oc (0.5 Torr) for 1 d. IR (deposit from CH2CI2 

solution on a NaCl plate): 3367 (0-H); 1733 (C=0); 1256 and 1124 (C-0) 

cm-1. iR NMR (CDCI3): 5 1.31-1.53 (m, lOH); 2.29-2.37 (t, 2H); 

3.37-3.46 (m, 5H); 3.61-3.94 (m, 14H); 4.13-4.17 (m, 4H); 6.89 (s, 4H). 



152 

Anal. Calcd. for C25H40O9: C, 61.97; H, 8.32. Found: C, 62.37; H, 

8.21. 

11-[1 l-(Methylene)-2,3-benzo-18-crown-6-oxy]undecanoic Acid 

(162) was obtained in 47% yield as a pale brown oU by evaporating the 

mipurities at 130-135 oc (0.5 Torr) for 1 d. IR (deposit from CH2CI2 

solution on a NaCl plate): 3508 (0-H); 1730 and 1708 (C=0); 1256 and 

1125 (C-0) cm-1. I R N M R (CDCI3): 6 1.27-1.62 (m, 16H); 2.29-2.37 

(t, 3H); 3.38-3.47 (m, 4H); 3.67-3.94 (m, 15H); 4.13-4.17 (m, 4H); 6.90 

(s, 4H). Anal. Calcd. for C28H46O9: C, 63.86; H, 8.80. Found: C, 

63.47; H, 8.61. 

General Procedure for the Synthesis of Monoethyl 5v/w-(Alkvl)dibenzo-
16-crowai-5-oxymethylphosphonic Acids 164-167 

After removal of the mineral oil from NaH (0.87 g, 60% dispersion 

in mineral oil, 21.75 mmol) by washing with dry pentane under nitrogen, a 

solution of the lariat ether alcohol (7.22 mmol) in 150 mL of dry THF was 

added. The mixture was stirred for 1 h at room temperature. 

Iodomethylphosphonic acid monoetiiyl ester52 (70) (2.16 g, 8.64 mmol) in 

20 mL of dry THF was added over a period of 1 h witii a syringe pump at 

room temperature. Following the addition, the reaction mixture was 

stirred for 10 h at room temperature. After coohng to 0 oc, ice-water 

was added slowly to destroy the unreacted NaH and the THF was 

evaporated in vacuo. To the residue was added H2O (100 mL) and the 

alkaline aqueous solution was washed with EtOAc (3 X 100 mL), 

acidified witii 6 N HCl to pH 1, and extracted witii CH2CI2 (3 X 100 

mL). The combined CH2CI2 extracts were dried over MgS04 ^ ^ 
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evaporated in vacuo to give the desired product. Note: If smaU amounts 

of organic impurities were observed by TLC, tiiey were removed by 

column chromatography. Chromatography of die crude product on sihca 

gel witii EtOAc tiien MeOH as eluents gave a yeUowish oU. To die oil 

was added CH2CI2 (100 mL) and 5% HCl (100 mL). After shaking, tiie 

CH2CI2 layer was separated, dried over MgS04, and evaporated in vacuo 

to give the desired product. 

Monoethyl 5Viii-Dibenzo-16-crown-5-oxymethylphosphonic Acid 

(164) was obtamed in 88% yield as a yeUowish oU (ht.5l mp 91-92 oc). 

IR (deposit from CH2CI2 solution on a NaCl plate): 3600-1600 (PO-H, 

witii broad maxima at 2220 and 1650); 1257 (P=0); 1123 (C-0) cm-1. 

1 H N M R (CDCI3): 6 1.32 (t, 3H); 3.92-4.36 (m, 17 H); 6.81-7.01 (m, 

8H); 10.40 (brs,lH). 

Monoethyl 5)'iif-(Methyl)dibeiizo-16-crown-5-oxymethylphosph-

onic Acid (165) was obtained in 89% yield as a yeUowish sohd with mp 

159-160 oc (lit.51 mp 144-146 oC). IR (deposit from CH2CI2 solution 

on a NaCl plate): 3600-1600 (PO-H, witii broad maxima at 2220 and 

1650); 1257 (P=0); 1122 (C-0) cm-1. I R N M R (CDCI3): 6 1.23 (t, 

3H); 1.53 (s, 3H); 3.80-4.54 (m, 16H); 6.80-6.94 (m, 8H); 8.38 (br s, IH). 

Monoethyl 5yiii-(Decyl)dibenzo-16-crown-5-oxymethylphosph-

onic Acid (166) was obtained in 80% yield as a yeUowish oU. IR 

(deposit from CH2CI2 solution on a NaCl plate): 3600-1600 (PO-H, witii 

broad maxima at 2220 and 1652); 1255 (P=0); 1123 (C-0) cm-1. I R 

NMR (CDCI3): 5 0.88-0.95 (t, 3H); 1.20-1.48 (m, 19H); 1.89-2.00 (m, 

2H); 3.89-4.20 (m, 13H); 4.43-4.52 (t, 3H); 6.80-7.00 (m, 8H). Anal. 

Calcd. for C32H49O9P: C, 63.14; H, 8.11. Found: C, 62.87, H, 8.22. 
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Monoethyl 5yiif-(Octyl)dibenzo-16-crown-5-oxymethylphosph-

onic Acid (167) was obtained in 82% yield as a yeUowish oU (ht.51 mp 

92-93 OC). IR (deposit from CH2CI2 solution on a NaCl plate): 3600-

1600 (PO-H, widi broad maxima at 2220 and 1650); 1255 (P=0); 1123 

(C-0) cm-1. I R N M R (CDCI3): 6 0.85-0.95 (t, 3H); 1.20-1.40 (m, 15H); 

1.85-1.95 (m, 2H); 3.83-4.18 (m, 13H); 4.41-4.51 (t, 3H); 6.78-6.92 (m, 

8H). 

General Procedure for the Synthesis of Lariat Ether 
Monoethyl Phosphonic Acids 170 and 171 

After removal of the mineral oU from NaH (3.35 g, 60% dispersion 

in mineral oil, 83.75 mmol) by washing with dry pentane under nitrogen, a 

solution of the lariat ether alcohol (16.74 mmol) in 200 mL of dry THF 

was added. The reaction mixture was stirred for 1 h at room temperature 

under nitrogen. Iodomethylphosphonic acid monoethyl ester52 (70) (6.28 

g, 25.11 mmol) in 20 mL of dry THF was added over a period of 1 h with 

a syringe pump. Upon completion of the addition, the reaction mixture 

was stirred for 10 h at room temperature. After coohng to 0 oc, ice-

water was added slowly to destroy the unreacted NaH and the THF was 

evaporated in vacuo. To the residue was added H2O (200 mL) and the 

aUcaline aqueous solution was washed witii EtOAc (3 X 100 mL), 

acidified witii 6 N HCl to pH 1, and extracted witii CH2CI2 (2 X 100 

mL). The combined CH2CI2 extracts were dried over MgS04 and 

evaporated in vacuo to give a brownish oil. The oU was dissolved in 

10% of aqueous NaOH (100 mL) and the aUcahne aqueous solution was 

washed witii EtOAc (3 X 50 mL), acidified witii 6 N HCl to pH 1, and 
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extracted witii CH2CI2 (2 X 100 mL). The combined CH2CI2 extracts 

were dried over MgS04 and evaporated in vacuo to give die desired 

product. 

Monoethyl *>'w-Dicyclohexano-16-crown-5-oxymethylphospho-

nic Acid (170) was obtained in 77% yield as a pale yeUow oU. IR 

(deposit from CH2CI2 solution on a NaCl plate): 3600-1600 (PO-H, witii 

broad maxima at 3437, 2250 and 1646); 1250 (P=0); 1101 (C-0) cm-1. 

1 H N M R (CDCI3): 5 1.22-1.37 (m, 8H); 1.45-1.60 (m, 7H); 1.82-1.86 (m, 

4H); 3.58-3.81 (m, 17H); 4.05-4.21 (m, 4H); 8.80 (br s, IH). Anal. 

Calcd. for C22H41O9PXO.2CH2CI2: C, 53.59; H, 8.39. Found: C, 

53.78; H, 8.56. 

Monoethyl 5Vifi-Dil4(5)-tert-butvlcvclohexano]-16-crowii-5-

oxymethylphosphonic Acid (171) was obtained in 45% yield as a pale 

yellow oU. IR (deposit from CH2CI2 solution on a NaCl plate): 3600-

1600 (PO-H, broad maxima at 3449, 2220 and 1652); 1240 (P=0); 1198 

(C-0) cm-1. I R N M R (CDCI3): 0.86 (s, 18H); 1.02-1.37 (m, 13H); 1.74 

(m, 2H); 2.04 (m, 2H); 3.24 (m, 2H); 3.46-3.92 (m, 15H); 4.02-4.20 (m, 

14H); 8.08 (br s, IH). Anal. Calcd. for C30H57O9PXO.2CH2CI2: C, 

59-45; H, 9.49. Found: C, 59.36; H, 9.60. 

General Procedure for the Synthesis of Monoethyl svm-
(Alkyl)dibenzo-19-crowTi-6-oxymethylphosphonic Acids 172-176 

After removal of the mineral oU from NaH (3.69 g, 60% dispersion 

in mineral oU, 92.25 mmol) by washing with dry pentane under nitrogen, a 

solution of the lariat ether alcohol (30.74 mmol) in 300 mL of dry THF 

was added. The mixture was stirred for 1 h at room temperature under 
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nitrogen. lodometiiylphosphonic acid monoetiiyl ester52 (70) (9.22 g, 

36.90 mmol) in 20 mL of dry THF was added over a period of 1 h witii a 

syringe pump. Upon completion of tiie addition, die reaction mixture was 

stirred overnight at room temperature under nitrogen. After coohng to 

0 oc, ice-water was added slowly to destroy the unreacted NaH and the 

THF was evaporated in vacuo. To tiie residue was added H2O (200 mL) 

and the aUcalme aqueous solution was washed with Et20-EtOAc (9:1, v/v, 

3 X 100 mL), acidified witii 6 N HCl to pH 1, and extracted witii CH2CI2 

(2 X 100 mL). The combined extracts were dried over MgS04 and 

evaporated in vacuo to give the desned product. Note: If smaU amounts 

of organic impurities were noted by TLC, they were removed by column 

chromatography. Chromatography of the crude product on sihca gel with 

MeOH as eluent gave a yeUowish oU. To the oU was added CH2CI2 (100 

mL) and 5% HCl (100 mL). After shaking, tiie CH2CI2 layer was 

separated, dried over MgS04, and evaporated in vacuo to give the desired 

product. 

Monoethyl 5V/fi-Dibenzo-19-crown-6-oxymethylphosphonic Acid 

(172) was obtained in 87% yield as a yeUowish oU. IR (deposit from 

CH2CI2 solution on a NaCl plate): 3600-1600 (PO-H, broad maxima at 

3421, 2220 and 1654); 1256 (P=0); 1125 (C-0) cm-1. I R N M R 

(CDCI3): 5 1.30 (t, 3H); 3.67-3.98 (m, 8H); 4.05-4.38 (m, 13H); 6.25-

6.50 (br s, IH); 6.80-7.08 (m, 8H). Anal. Calcd. for C24H33O10P 

XO.ICH2CI2: C, 55.56; H, 6.42. Found: C, 55.43; H, 6.39. 

Monoethyl 5V/if-Dil4(5)-tert-butylbenzol-19-crown-6-oxyme-

thylphosphonic Acid (173) was obtained in 62% yield as a yeUowish oU. 

IR (deposit from CH2CI2 solution on a NaCl plate): 3600-1600 (PO-H, 
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witii broad maxima at 3284, 2220 and 1650); 1267 (P=0); 1145 (C-0) 

cm-1. iR NMR (CDCI3): 5 1.25-1.32 (m, 21H); 3.79-3.89 (m, 8H); 

4.12-4.27 (m, 13H); 6.68 (br s, IH); 6.77-7.00 (m, 6H). Anal. Calcd. for 

C32H49O10P: C, 61.53; H, 7.91. Found: C, 61.07; H, 7.68. 

Monoethyl 5V/ii-(Propyl)dibenzo-19-crown-6-oxymethylphos-

phonic Acid (174) was obtained in 36% yield as a pale brown oU. IR 

(deposit from CH2CI2 solution on a NaCl plate): 3600-1600 (PO-H, witii 

broad maxima at 3420, 2220 and 1650); 1257 (P=0); 1125 (C-0) cm-1. 

1 H N M R (CDCI3): 5 0.97 (t, 3H); 1.29 (t, 3H); 1.40-1.59 (m, 2H); 1.80-

1.91 (m, 2H); 3.76-3.98 (m, 8H); 4.09-4.30 (m, 12H); 6.40-6.60 (br s, 

IH); 6.80-6.97 (m, 8H). Anal. Calcd for C27H39O10P: C, 58.48; H, 

7.09. Found: C, 58.79; H, 6.80. 

Monoethyl 5Viii-(Propvl)dir4(5)-tert-butvlbenzo1-19-crown-6-

oxymethylphosphonic Acid (175) was obtained in 57% yield as a 

yeUowish oil. IR (deposit from CH2CI2 solution on a NaCl plate): 3600-

1600 (PO-H, witii broad maxima at 3378, 2220 and 1679); 1266 (P=0); 

1144 (C-0) cm-1. iR NMR (CDCI3): 5 0.93-1.00 (t, 3H); 1.25-1.33 (m, 

21H); 1.44 (m, 2H); 1.81 (m, 2H); 3.79-3.89 (m, 8H); 4.06-4.25 (m, 12H); 

6.75-6.94 (m, 6H); 9.50 (br s. Hi). Anal. Calcd. for C35H55O10P: C, 

63.05; H, 8.31. Found: C, 63.37; H, 8.44. 

Monoethyl 5V/ii-(Octyl)dibenzo-19-crown-6-oxymethylphospho-

nic Acid (176) was obtained m 11% yield as a pale brown oU. IR 

(deposit from CH2CI2 solution on a NaCl plate): 3600-1600 (PO-H, witii 

broad maxima at 3420, 2220 and 1650); 1258 (P=0); 1125 (C-0) cm-1. 

iH NMR (CDCI3): 5 0.88 (t, 3H); 1.25-1.40 (m, 15H); 1.78-1.87 (m, 2H); 

3.73-3.98 (m, 8H); 4.09-4.31 (m, 12H); 6.10-6.30 (br s, IH); 6.81-6.96 
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(m, 8H). Anal. Calcd for C32H49O10P: C, 61.52; H, 7.91. Found: C, 

61.63; H, 7.71. 

Preparation of 5vm-Di[4(5)-tert-butylbenzo1-
19-crown-6-oxymethvlphosphonic Acid (177) 

After removal of the mineral oU from NaH (1.17 g, 60% dispersion 

in mineral oil, 29.25 mmol) by washing with dry pentane under nitrogen, a 

solution of the lariat ether alcohol 79 (2.94 g, 5.85 mmol) in 150 mL of 

dry THF was added. The mixture was stirred for 1 h at room temperature 

under nitrogen. Iodomethylphosphonic acid monoethyl ester52 (70) (2.92 

g, 11.70 mmol) in 20 mL of dry THF was added at room temperature over 

a period of 1 h with a syringe pump. Upon completion of the addition, 

the reaction mixture was refluxed overnight. After cooling to 0 oc, ice-

water was added slowly to destroy the unreacted NaH and the THF was 

evaporated in vacuo. To the residue was added H2O (200 mL) and the 

aUcaline aqueous solution was washed with Et20 (3 X 100 mL), acidified 

witii 6 N HCl to pH 1, and extracted witii CH2CI2 (2 X 100 mL). The 

combined extracts were dried over MgS04 and evaporated in vacuo to 

give 2.23 g (64%) of a pale brown oU. IR (deposit from CH2CI2 solution 

on a NaCl plate): 3600-1600 (PO-H, witii broad maxima at 3472, 2220 

and 1650); 1268 (P=0); 1145 (C-0) cm-1. I R N M R (CDCI3): 5 1.25-

1.32 (s, 18H); 3.79-3.89 (m, 7H); 4.10-4.27 (m, 12H); 6.77-7.01 (m, 6H); 

7.62 (br s, 2H). Anal. Calcd. for C30H45O10P: C, 60.39; H, 7.60. 

Fomid: C, 60.46; H, 7.52. 
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General Procedure for the Synthesis of 

Ethyl r^vm-(AUcyl)dibenzo-l6-crovm-5-oxy1acetates 178-180 

Esterification of the carboxyhc acid fimction in 5y/w-(aUcyl)dibenzo-

16-crowTi-5-oxyacetic acid (3.64 mmol) was performed under the 

conditions given for compound 147. After reaction, the solvents were 

evaporated in vacuo and 100 mL of CH2CI2 was added to the residue. 

The solution was washed with saturated aqueous NaHC03 (2 X 50 mL) 

and H2O (2 X 50 mL), dried over MgS04, and evaporated in vacuo to 

give a yeUowish oU. The oU was chromatographed on sihca gel with 

EtOAc as eluent to give the desired product. 

Ethyl [j[yiii-Dibenzo-16-crown-5-oxy]acetate (178) was obtained 

in 98% yield as a coloriess oU (ht.58 oU). IR (deposit from CH2CI2 

solution on a NaCl plate): 1750 and 1732 (C=0); 1258 and 1140 (C-0) 

cm-1. iR NMR (CDCI3): 6 1.26-1.33 (t, 3H); 3.93-3.95 (m, 4H); 4.14-

4.18 (m, 4H); 4.22-4.41 (m, 7H); 4.59 (s, 2H); 6.84-7.01 (m, 8H). 

Ethyl [5V/ii-(Methyl)dibenzo-16-crown-5-oxy]acetate (179) was 

obtained in 94% yield as a coloriess oU. IR (deposit from CH2CI2 

solution on a NaCl plate): 1756 and 1728 (C=0); 1257 and 1122 (C-0) 

cm-1. iR NMR (CDCI3): 6 1.17-1.25 (t, 3H); 1.58 (s, 3H); 3.93-3.99 

(m, 5H); 4.05-4.19 (m, 7H); 4.38-4.43 (d, 2H); 4.74 (s, 2H); 6.81-6.95 (m, 

8H). Anal. Calcd. for C24H30O8: C, 64.56; H, 6.77. Found: C, 64.20; 

H, 6.68. 

Ethyl [5Vifi-(Decyl)dibenzo-16-crown-5-oxy]acetate (180) was 

obtained in 97% yield as a white solid witii mp 88-89 oc. IR (deposit 

from CH2CI2 solution on a NaCl plate): 1758 and 1728 (C=0); 1257 and 

1123 (C-0) cm-1. iRNMR (CDCI3): 5 0.85-0.91 (t, 3H); 1.16-1.33 (m. 
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19H); 1.95 (m, 2H); 3.91-3.99 (m, 5H); 4.05-4.19 (m, 7H); 4.44-4.49 (d, 

2H); 4.76 (s, 2H); 6.80-6.94 (m, 8H). Anal. Calcd. for C33H48O8: C, 

69.21; H, 8.45. Found: C, 69.20; H, 8.40. 

General Procedure for the Synthesis of 
2-[5'vw-(AUcyl)dibenzo-l6-crown-5-oxv1etiianols 181-183 

Reduction of tiie ester fimction in etiiyl [5y/w-(aUcyl)dibenzo-16-

crown-5-oxy]acetate (12.83 mmol) was performed under the conditions 

given for compound 148. After the precipitated inorganic material was 

filtered and washed with hot THF, the combined filtrate and washings 

were evaporated in vacuo and 100 mL of CH2CI2 was added to the 

aqueous residue. The organic layer was separated, washed with H2O (3 

X 50 mL), dried over MgS04, 2nd evaporated in vacuo to give a colorless 

oU. The oil was chromatographed on sihca gel with EtOAc as eluent to 

give the desired product. 

2-[5Vifi-Dibenzo-16-crown-5-oxy]ethanol (181) was obtained in 

81% yield as a white sohd witii mp 126-127 oc (ht.58 122-123 oc). IR 

(deposit from CH2CI2 solution on a NaCl plate): 3438 (0-H); 1257 and 

1124 (C-0) cm-1. I R N M R (CDCI3): 5 2.99 (br t, IH); 3.83-4.02 (m, 

8H); 4.14-4.35 (m, 9H); 6.83-7.02 (m, 8H). 

2-[5Viii-(Methyl)dibenzo-16-crown-5-oxy]ethanol (182) was ob

tained in 92% yield as a colorless oU. IR (deposit from CH2CI2 solution 

on a NaCl plate): 3402 (0-H); 1256 and 1123 (C-0) cm-1. I R N M R 

(CDCI3): 6 1.52 (s, 3H); 2.69 (br t, IH); 3.72-3.75 (m, 2H); 3.77-3.95 (m, 

6H); 4.08-4.18 (m, 6H); 4.30-4.35 (d, 2H); 6.81-6.98 (m, 8H). Anal. 

Calcd. for C22H28O7: C, 65.33; H, 6.98. Found: C, 65.35; H, 6.85. 
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2-[fj;ift-(Decyl)dibenzo-16-crown-5-oxy]ethanol (183) was obtain

ed in 91% yield as a colorless oU. IR (deposit from CH2CI2 solution on a 

NaCl plate): 3239 (0-H); 1256 and 1129 (C-0) cm-1. I R N M R 

(CDCI3): 6 0.85-0.91 (t, 3H); 1.27 (m, 16H); 1.84-1.92 (m, 2H); 2.62-

2.68 (t, IH); 3.70-3.78 (m, 2H); 3.90-3.94 (m, 6H); 4.08-4.17 (m, 6H); 

4.38-4.43 (d, 2H); 6.81-6.97 (m, 8H). Anal. Calcd. for C31H46O7: C, 

70.16; H, 8.74. Found: C, 70.30; H, 8.80. 

General Procedure for the Synthesis of Mesylates of2'\svm-
(AlkvDdibenzo-16-crown-5-oxy]ethanols 184-186 

Mesylation of the alcohol fimction in the 2-[5y/w-(aUcyl)dibenzo-16-

crovm-5-oxy]ethanol (2.82 mmol) was performed under the same 

conditions given for compound 94. After reaction, 30 mL of 10% 

aqueous HCl was added to the reaction mixture. The organic layer was 

separated, washed with saturated aqueous NaHC03 (2 X 50 mL), brine 

(50 mL), and H2O (50 mL), and dried over MgS04. Evaporation of tiie 

solvent in vacuo gave a pale yeUow oU which was chromatographed on 

sihca gel witii EtOAc as eluent to give die desired product. 

Mesylate of 2-[jvifi-Dibenzo-16-crown-5-oxy]ethanol (184) was 

obtained in 91% yield as a white sohd witii mp 106-107 oc (ht.58 mp 

110-111 OC). IR (deposit from CH2CI2 solution on a NaCl plate): 1351 

and 1174 (SO2); 1257 and 1124 (C-0) cm-1. I R NMR (CDCI3): 6 3.10 

(s, 3H); 3.92-3.94 (m, 4PI); 4.09-4.30 (m, IIH); 4.44-4.46 (m, 2H); 6.84-

6.99 (m, 8H). 

Mesylate of 2-[5V/ii-(Methyl)dibenzo-16-crown-5-oxy]ethanol 

(185) was obtained in 98% yield as a colorless oU. IR (deposit from 
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CH2CI2 solution on a NaCl plate): 1351 and 1174 (SO2); 1256 and 1123 

(C-0) cm-1. iH NMR (CDCI3): 5 1.50 (s, 3H); 3.06 (s, 3H); 3.87-3.91 

(m, 4H); 4.03-4.17 (m, 8H); 4.34-4.43 (m, 4H); 6.81-6.96 (m, 8H). Anal. 

Calcd. for C23H30O9S: C, 57.25; H, 6.27. Found: C, 57.11; H, 6.34. 

Mesylate of 2-[5F/ff-(Decyl)dibenzo-16-crown-5-oxy]ethanol 

(186) was obtained in 92% yield as a colorless oU. IR (deposit from 

CH2CI2 solution on a NaCl plate): 1353 and 1175 (SO2); 1257 and 1123 

(C-O) cm-1. iR NMR (CDCI3): 6 0.85-0.92 (t, 3H); 1.27-1.37 (m, 16H); 

1.86-1.91 (m, 2H); 3.06 (s, 3H); 3.88-3.93 (m, 4H); 4.03-4.08 (d, 2H); 

4.13-4.21 (m, 6H); 4.39-4.48 (m, 4H); 6.81-6.96 (m, 8H). Anal. Calcd. 

for C32H48O9S: C, 63.13; H, 7.95. Found: C, 63.33; H, 7.99. 

General Procedure for the Svnthesis of Sodium 2'[svm-
(AlkvDdibenzo-l 6-crovm-5-oxv]ethanesulfonates 187-189 

To a solution of 1.55 g (12.31 mmol) of Na2S03 in 100 mL of 

aqueous dioxane (1:1, v/v) was added 8.21 mmol of the appropriate lariat 

ether mesylate in one portion. The solution was stirred for 3 d at 120-

130 oc. The solvents were evaporated in vacuo and 150 mL of CH2CI2 

was added to the residue. The resultant mixture was filtered and the 

filtrate was evaporated in vacuo. To the residue was added 

CH2Cl2-Et20 (1:4, v/v, 100 mL) and the solution was cooled to give a 

white sohd. To the sohd was added benzene foUowed by azeotropic 

distillation with a Dean Stark apparatus to remove the H2O. The solvent 

was evaporated in vacuo to give the desired product. 

Sodium 2-[5V/ii-Dibenzo-16-crown-5-oxy]ethanesulfonate (187) 

was obtained in 62% yield as a white sohd with mp > 260 oc. IR 
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(deposit from CH2CI2 solution on a NaCl plate): 1326 and 1216 (SO3); 

1254 and 1135 (C-0) cm-1. I R N M R (CDCI3): 5 3.17-3.23 (t, 2H); 

3.78-3.84 (d, 2H); 4.02-4.24 (m, 7H); 4.42-4.54 (m, 6H); 6.83-6.98 (m, 

8H). Anal. Calcd. for C2lH25O9SNaX0.3CH2Cl2: C, 50.97; H, 5.14. 

Found: C, 50.81; H, 5.09-

Sodium 2-[5V/ff-(Methyl)dibenzo-16-crown-5-oxy]ethanesulfo-

nate (188) was obtained in 37% yield as a white sohd with mp 191-

193 oc. IR (deposit from CH2CI2 solution on a NaCl plate): 1326 and 

1215 (SO3); 1215 and 1129 (C-0) cm-1. lRNMR(CDCl3): 6 1.38-1.40 

(s, 3H); 3.18-3.20 (t, 2H); 3.79-4.00 (m, 4H); 4.11-4.31 (m, 8H); 4.61-

4.63 (m, 2H); 6.87-6.97 (m, 8H). Satisfactory combustion analysis for 

188 was not obtained. 

Sodium 2-[5V/if-(Decyl)dibenzo-16-crown-5-oxy]ethanesiilfonate 

(189) was obtained in 35% yield as a white sohd with mp 200-202 oc. 

IR (deposit from CH2CI2 solution on a NaCl plate): 1326 and 1215 

(SO3); 1253 and 1129 (C-0) cm-1. I R N M R (CDCI3): 6 0.85-0.92 (t, 

3H); 1.27 (m, 16H); 1.65-1.69 (m, 2H); 3.16-3.21 (m, 2H); 3.79-3.93 (m, 

4H); 4.13-4.28 (m, 8H); 4.65-4.67 (m, 2H); 6.84-6.99 (m, 8H). Anal. 

Calcd. for C22H27O9SNaX0.7CH2Cl2: C, 49.58; H, 5.20. Found: C, 

49.54; H, 5.38. 

General Procedure for tiie Synthesis of Sodium 3-\svm-
(Alkvl)dibenzo-16-crown-5-oxy1propanesulfonates 190 and 191 

After removal of the mineral oU from NaH (0.69 g, 60% dispersion 

in mineral oU, 17.25 mmol) by washing witii dry pentane, 5.77 mmol of 

the lariat etiier alcohol in 100 mL of dry THF was added slowly under 
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nitrogen. The mixture was stirred for 2 h at room temperature and 0.85 g 

(6.92 mmol) of 1,3-propanesultone in 10 mL of dry THF was added over a 

period of 1 h with a syringe pump. The mixture was stirred for 6 h at 

room temperature. After cooling to 0 oc, ice-water was added slowly to 

destroy the unreacted NaH and the THF was evaporated in vacuo. To the 

residue was added 100 mL of CH2CI2 and tiie mixture was filtered. The 

filtrate was evaporated in vacuo to give a yeUowish oU which was 

crystalhzed from CH2Cl2-Et20 (3:7, v/v, 100 mL). To tiie sohd was 

added benzene foUowed by azeotropic distiUation with a Dean Stark 

apparatus to remove the H2O. The solvent was evaporated in vacuo to 

give the desired product. 

Sodium 3-[5Viif-Dibenzo-16-crown-5-oxy]propanesulfonate (190) 

was obtained in 80% yield as a white solid with mp 158-159 oc. IR 

(deposit from CH2CI2 solution on a NaCl plate): 1326 and 1214 (SO3); 

1252 and 1127 (C-0) cm-1. I R N M R (CDCI3): 5 2.14-2.19 (m, 2H); 

2.99-3.05 (t, 2H); 3.77-4.38 (m, 13H); 4.62-4.74 (m, 2H); 6.84-7.01 (m, 

8H). Anal. Calcd. for C22H27O9SNaX0.7CH2Cl2: C, 49.58; H, 5.20. 

Found: C, 49.54; H, 5.38. 

Sodium 3-[5Viii-(Decyl)dibenzo-16-crown-5-oxy]propanesulfo-

nate (191) was obtained in 90% yield as a white sohd witii mp 117-

118 oc (lit.6l 157-159 oC). IR (deposit from CH2CI2 solution on a NaCl 

plate): 1325 and 1214 (SO3); 1255 and 1128 (C-0) cm-1. I R N M R 

(CDCI3): 5 0.85-0.92 (t, 3H); 1.21-1.28 (m, 16H); 1.61 (m, 2H); 2.08 (m, 

2H); 3.06-3.11 (m, 2H); 3.75-3.91 (m, 4H); 4.07-4.12 (m, 4H); 4.22-4.33 

(m, 4H); 4.76-4.77 (m, 2H); 6.86-7.00 (m, 8H). 
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Preparation of Lithium 5v/w-(Decyl)dibenzo-
16-crowii-5-oxvacetate (192) for 1H NMR Studies 

A mixture of lariat ether carboxyhc acid 93 (0.10 g, 0.18 mmol) and 

LiH (0.05 g, 6.29 mmol) in 20 mL of THF was stirred for 1 h at room 

temperature under nitrogen. The reaction mixture was filtered and the 

filtrate was evaporated in vacuo to give a white sohd. 1H NMR 

spectroscopy was performed with an IBM AF-300 spectrometer. 

Preparation of Alkali Metal ̂ yyw-rDecvDdibenzo-
16-crowii-5-oxyacetates 193-196 for IH-NMR Studies 

Lariat ether carboxyhc acid 93 (0.10 g, 0.18 mmol) was dissolved 

m 4.0 mL of CDCI3 (containing 0.05% TMS). The solution was divided 

into four sheU-capped vials (1.0 mL of solution per vial) with one of the 

four anhydrous aUcah metal carbonates (0.10 g) added to each vial. Small 

magnetic stirring bars were added, the vials were capped, and the mixtures 

were stirred for 1 h at room temperature. The mixtures were filtered 

directly into the NMR tubes through disposable pipets packed witii glass 

wool and a short bed of Cehte filter aid. 1H NMR spectroscopy was 

performed widi an IBM AF-300 spectrometer. 
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CHAPTER IV 

SYNTHESIS OF LARL\T ETHERS WITH 

NON-IONIZABLE DONOR GROUP SIDE ARMS 

Results and Discussion 

Separation of metal ions using macrocychc multidentate hgands in 

various types of techniques is receiving ever-increasing attention due to its 

potential apphcations m practical systems. One particular class of 

macrocychc molecules is the lariat ether with non-ionizable donor group 

side arms. Such hgands are differentiated from lariat ethers which 

possess pendent proton-ionizable groups. l>2 

Developments in this area of separation science typicaUy involve 

the investigation of relationships that may exist between the molecular 

structure of a compound and its metal ion complexation and separation 

abihties. For example, Bartsch and co-workers have investigated aUcah 

metal ion complexation^ by a homologous series of 5'>//w-(aUcyl)dibenzo-

16-crown-5-oxyacetamides4 which contain potential neutral chelating 

fimctions in the side arm. For the solvent extraction^ of alkah metal 

cations by these lariat ethers, selectivity for Na"*" was enhanced by 

preorganization of the carboxamide group over the crown ether cavity. 5 

Svnthesis of Lariat Ether Oxvtiiioacetamides 

To determine die effect upon metal ion complexation of replacing 

the carbonyl oxygen in the pendent carboxamide fimction with sulfiir, the 

synthesis of a series of 57/w-(R)dibenzo-16-crowii-5-oxythioacetamides 

was proposed. Structures of these lariat ether oxythioactamides 197-214 

171 
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are shovm in Figure 4.1. The lariat edier oxyacetamide precursors 215-

232 of the lariat ether oxythioacetamides 197-214 were prepared by the 

literature method4 and tiieir structures are shown in Figure 4.2. 
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203 H C4H9 C4H9 212 C3H7 C4H9 C4H9 
204 H C5H11 C5H11 213 C3H7 C5H11 C5H11 
205 H C6H13 C6H13 214 C3H7 C6H13 C6H13 

Figure 4.1. Structures of 5y/w-(R)dibenzo-16-crown-5-
oxythioacetamides 197-214. 

For the series of 5y/w-(R)dibenzo-16-crown-5-oxyacetaniides 215-

232, the pendent oxyacetamide group is changed from unsubstituted for 

215 and 224 to N-substituted for 216, 217, 225, and 226 to N,N-

disubstituted in 218-223 and 227-232. For die latter grouping, the side 

arm Hpophilicity is systematically enhanced by increasing the chain length 

of the alkyl groups from methyl to hexyl. For lariat ether oxyacetamides 
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215-223, diere is a hydrogen attached to die crown etiier carbon which 

bears die donor group side arm. On die otiier hand for compounds 224-

232, there is a propyl group geminal to tiie side arm. 
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H 
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C4H9 
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CH3 
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C3H7 
C4H9 
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223 H C6H13 C6H13 232 C3H7 C6H13 C6H13 

Figure 4.2. Structures of 5[v/w-(R)dibenzo-16-crown-5-
oxyacetamides 215-232. 

Transformation of the carbonyl oxygen in 5y/w-dibenzo-16-crown-5-

oxyacetamides 215-223 into a sulfiir atom was performed by a one-step 

reaction utUizing Lawesson's reagent6 as a thionating agent. The 

structure of Lawesson's reagent is shown in Figure 4.3. 
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-p. 

3- ^^ I' CH,0 L^^J II 

Figure 4.3. Structure of Lawesson's Reagent. 

Treatment of 5y/w-dibenzo-16-crowii-5-oxyacetamides 215-223 

with Lawesson's reagent in toluene gave die corresponding 5[y/w-dibenzo-

16-crovm-5-oxythioacetaniides 197-205 in 50-85% yields. The results of 

these reactions are summarized in Table 4.1. Sinularly, reaction of 

Table 4.1. Preparation of 5yAw-Dibenzo-16-crown-5-oxythioacetaniides 
197-205 from the Corresponding Precursors 215-223. 

O 3 

«V ^OCH,c!:~N-R' H 0CH,(!!-N-R' 

R" \/ l„ 

o o 

Lawesson's reagent 
toluene, reflux '^ 

o o 

o o 

215 
216 
217 
218 
219 
220 
221 
222 
223 

R' 
H 
H 
H 
CH3 
C2H5 
C3H7 
C4H9 
C5H11 
C6H13 

R" 
H 
C3H7 
C5H11 
CH3 
C2H5 
C3H7 
C4H9 
C5H11 
C6H13 

197 
198 
199 
200 
201 
202 
203 
204 
205 

R' 
H 
H 
H 
CH3 
C2H5 
C3H7 
C4H9 
C5H11 

C6H13 

R" 
H 
C3H7 
C5H11 
CH3 
C2H5 
C3H7 
C4H9 
C5H11 
C6Hn 

Yield (%) 
61 
74 
72 
61 
80 
79 
79 
85 
50 
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.yyw-(propyl)dibenzo-16-crovm-5-oxyacetamides 224-232 witii 

Lawesson's reagent in toluene provided die corresponding sym-

(propyl)dibenzo-16-crovm-5-oxytiiioacetamides 206-214 in 32-69% 

yields. The results of tiiese transformations are summarized in Table 4.2. 

The yields recorded in Table 4.2 are appreciably lower tiian tiiose 

obtained witii .yym-dibenzo-16-crowii-5-oxyacetamides. It is proposed 

tiiat tiie geminal propyl group on die tiiree-carbon bridge in sym-

(propyl)dibenzo-16-crown-5-oxyacetaniides orients die oxyacetamide 

fimction over the crown ether cavity making it less accessible to attack by 

the buUcy Lawesson's reagent which results in lower yields. 

Table 4.2. Preparation of 5>7w-(Propyl)dibenzo-16-crown-5-oxythioacet-
amides 206-214 from the Corresponding Precursors 224-232. 

o 
C3H 0CH3C-N-R' O C H J - N - R 

o n I I 

I 
R" 

O O 

O O 

Lawesson's reagent 
toluene, reflux • ^ 

P 0 

0 0 

R' R" R' R" Yield (%) 
224 
225 
226 
227 
228 
229 
230 
231 
232 

H 
H 
H 
CH3 
C2H5 
C3H7 
C4H9 
C5H11 
C6H13 

H 
C3H7 
C5H11 
CH3 
C2H5 
C3H7 
C4H9 
C5H11 
C6H13 

206 
207 
208 
209 
210 
211 
212 
213 
214 

H 
H 
H 
CH3 
C2H5 
C3H7 
C4H9 
C5H11 

C6H13 

H 
C3H7 
C5H11 
CH3 
C2H5 
C3H7 
C4H9 
C5H11 

C6H13 

69 
64 
49 
56 
61 
52 
47 
33 
32 
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Relative to tiie series of 197-205, it is anticipated that the presence 

of a propyl group on the central carbon of the three-carbon bridge in 

compounds 206-214 wiU help position the oxythioacetamide group-

containmg side arm over the crown ether cavity and thereby enhance metal 

ion recognition by preorganization of the binding site. 

Picrate extraction experiments^ have been carried out to evaluate 

the affinities of the lariat ether oxythioacetamides prepared in this study 

for metal ions. The results are presented in Table 4.3. 

Table 4.3. Picrate Extraction Data7 for 5y/w-(R)dibenzo-16-crown-5-
oxytiiioacetamides 197,198,200-210,213, and 214 and 
Model Compound 234. 

Compound 
197 
198 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
213 
214 
234 

Li+ 
bdia 
bdl 
bdl 
0.4 
1.8 
2.2 
0.8 
0.8 
1.0 
bdl 
bdl 
bdl 
bdl 
bdl 
bdl 
bdl 

Na+ 
bdl 
3.1 
9-7 
6.8 
8.9 
10.9 
10.6 
10.1 
4.2 
bdl 
bdl 
6.9 
1.5 
4.5 
4.3 
bdl 

% Picrate 
K+ 
bdl 
2.8 
2.9 
4.1 
4.3 
4.5 
3.9 
3.6 
2.1 
bdl 
bdl 
3.7 
1.2 
2.9 
2.9 
bdl 

Extracted 
Rb+ 
bdl 
bdl 
bdl 
2.2 
2.4 
bdl 
1.9 
1.8 
bdl 
bdl 
bdl 
bdl 
bdl 
bdl 
bdl 
bdl 

Cs+ 
bdl 
bdl 
bdl 
2.1 
2.7 
bdl 
1.8 
1.6 
bdl 
bdl 
bdl 
bdl 
bdl 
bdl 
bdl 
bdl 

Ag+ 
59.5 
63.5 
72.8 
75.3 
76.2 
75.7 
78.3 
76.4 
57.2 
74.1 
73.9 
77.0 
76.0 
77.4 
79.2 
90.8 

abdl = below detection limit. 
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The extraction of aUcah metal picrates by lariat etiier oxythio

acetamides 197, 198, 200-210, 213, and, 214 is less effective tiian tiiat of 

the corresponding lariat etiier oxyacetamides^ 215, 216, 218-228, 231, 

and 232. Thus die poor affinity of die soft sulfiir atom in die side arm of 

die lariat etiier oxytiiioacetamides for die hard aUcah metal cations reduces 

extraction of tiiese cations. However, tiie lariat etiier oxytiiioacetamides 

197, 198, 200-210, 213, and 214 exhibit pronounced extraction of Ag+ 

picrate. This shows tiiat tiie soft donor sulfiir atom's binding abUity for 

die soft Ag+ aUows die lariat etiier to extract Ag+ over tiie aUcah metal 

cations witii high selectivity. For tiie less hpophUic side arms in lariat 

ether oxythioacetamides 197,198, and 206, die Ag+ extraction efficiency 

was found to be measurably lower than that for lariat ether 

oxytiiioacetamides 200-205, 207-210, 213, and 214. 

It is noted that the 5;y/w-(propyl)dibenzo-16-crown-5-oxythio-

acetamides 206-210, 213, and 214 exhibit very simUar Ag+ extraction 

. efficiencies to those of 5y/w-dibenzo-16-crown-5-oxytliioacetaniides 197, 

198, and 200-205. This result is in sharp contrast with the previously 

observed enhanced Na"*" extraction efficiencies observed for sym-

(propyl)dibenzo-16-crown-5-oxyacetaniides compared with ^y/w-dibenzo-

16-crown-5-oxyacetamides,3 since preorganization of the binding site 

does not enhance the Ag"*" extraction efficiency of the lariat ether 

oxythioacetamides. This indicates that the thioacetamide group in the 

side arm is primarUy responsible for Ag"*" complexation. To test this 

possibility, model compound 234, which contains an oxythioacetamide 

group but no polyether cavity, was synthesized (Scheme 4.1) from 

oxyacetamide 233^. Surprisingly the acychc model compound gave 91% 
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extraction of Ag+ picrate which is an even higher Ag"̂  extraction 

efficiency7 tiian tiiose found for die lariat etiier oxytiiioacetamides. This 

confirms die postulation tiiat tiie tiiioacetamide group is die binding site 

for Ag"̂  complexation. 

OCH2C-N-C5H]^3^ L a w e s s o n ' s OCH2(!!-N-C5H;L;L 

r e f l u x ^ x ' " ^ / 

233 234 

Scheme 4.1. Preparation of N,N-Dipentyl 2-Naphtiioxytiiioacet-
amide (234) from Precursor 233. 

Svnthesis of Lariat Ether Sulfides 

To probe the effect of replacing the oxygen which links the side arm 

with the crown ether ring in 5y/w-dibenzo-16-crown-5 lariat ethers, the 

preparation of analogs with sulfide linkages was envisioned. Despite 

several attempts, this synthetic objective had previously eluded co

workers in the Bartsch Research Group. Preparation of such novel 

compounds has now been realized. The synthesis of a new series of lariat 

ether sulfides 235-238 is presented in Scheme 4.2. 

Reaction of lariat ether mesylate 94 with CS2CO3 and 

commercially available sodium ethyhnercaptide in DMF at 100-110 oC 

gave lariat ether sulfide 235 in 65% yield. On the other hand, when 

compound 94 was reacted with sodium ethyhnercaptide under the same 

conditions but in the absence of CS2CO3, unreacted starting material 94 
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was recovered quantitatively. A tight ion pair between the mercaptide ion 

and Na"̂  in C2H5SNa would decrease the nucleophihcity of the 

mercaptide ion. Changing the ion pan cation from Na"̂  to Cs"*" by adding 

CS2CO3 to the C2H5SNa would enhance the nucleophUicity of the 

mercaptide ion. Treatment of lariat ether mesylate 94 with CS2CO3 and 

thiophenol, benzyl mercaptan, and octyl mercaptan in DMF at 100-110 ^C 

provided lariat ether sulfides 236-238 in 64-72% yields, respectively. 

H OMs 

^ 

o o 

94 

CS2CO3, C2H5SNa 

DMF, 110-120 oc, N2 

CS2CO3, RSH 

DMF, 90-100 OC, N2 

H SR 

o o 

o o 

236 
237 
238 

R 
phenyl 
benzyl 
octyl 

Yield (%) 
72 
64 
68 

Scheme 4.2. Preparation of AUcyl 5y/w-Dibenzo-16-crown-5 
Sulfides 235-238. 
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For fiirther structural elaboration, lariat ether sulfide 236 was 

transformed into the corresponding sulfoxide and sulfone compounds. 

The preparations of phenyl 5ym-dibenzo-16-crown-5 sulfoxide (239) and 

phenyl 5>;/w-dibenzo-16-crown-5 sulfone (240) are shown in Scheme 4.3. 

Initial attempts to prepare sulfoxide 239 by oxidation of sulfide 236 with 

N-chlorosuccinimide^ and NaI04lO were unsuccessfiil. The former 

produced a mixture of several unknown products, whereas the latter 

provided recovered starting material 236 in addition to unidentified 

products. However, treatment of sulfide 236 with KHS05,ll 

commerciaUy sold as Oxone, in CH2Cl2-MeOH gave lariat ether sulfoxide 

239 in 66% yield. Oxidation under the same conditions, but with a 

X 
,0 o 

o o 

2 3 6 

-Q 
KHSO, 

CH2Cl2-Me0H, r t , 1 h 

KHSO5(excess) 

CH2Cl2-Me0H, rt, 4 h 

H S > ^ 

0 o 

0 o 

239 

H 

O 
IJ 

O 

0 0 

240 

Scheme 4.3, Preparation of Phenyl 5y/w-Dibenzo-16-crown-5 
Sulfoxide (239) and Phenyl 5y/w-Dibenzo-16-crowii-
5 Sulfone (240) from Precursor 236. 
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longer reaction tune and an excess of KHSO5, produced lariat ether 

sulfone 240 in 40% yield. 

Potentiometric responses of lariat ether sulfides 236-238 have been 

evaluated in solvent polymeric membrane electrodes. 12 The ion-selective 

electrodes exhibit very high selectivities (Ag+/Mn+~10^) for Ag+ over 

aUcah metal and aUcahne earth cations, as weU as Cd2+, Co "̂̂ , Cu2+, 

Fe^" ,̂ Ni2+, and Pb2+. Lesser selectivities of lO^-lO^ were noted for 

Ag"*" versus Hĝ "*" and Tl"*". 

Synthesis of Lariat Ethers with Two Neutral Donor 
Group Side Arms 

To expand structural variation within the famUy of dibenzo-16-

crown-5 compounds, the synthesis of di(hydroxymethyl)- and di(methoxy-

methyl)-5y/w-dibenzo-16-crown-5 (245) and (246), respectively, was 

undertaken (Scheme 4.4). In these compounds two neutral donor group 

side arms are attached to the dibenzo-16-crown-5 ring. 

Using a reported method, 1̂  monoisopropyhdene pentaerythritol 

(241) was prepared in 25% yield by protection of two of the alcohol 

fimctions in pentaerythritol with concentrated HCl and acetone. The poor 

yield of tiiis reaction results from tiie low reactivity of pentaerytiiritol 

(most of pentaerythritol was recovered after reaction) and the formation of 

the diprotected side product, diisopropyhdene pentaerythritol. 

Mesylation of tiie alcohol fimctions in 241 witii MsCl and pyridine in 

CH2CI2 provided dimesylate 242̂ 3 in 82% yield. Intermolecular 

cychzation reaction of dimesylate 242 with bispheol 243̂ 4 and CS2CO3 in 

DMF gave crovm etiier 244 in 48% yield. Deprotection of die 
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isopropyhdene bridge in 244 with concentrated HCl in MeOH gave lariat 

ether diol 245 in 95% yield. AUcylation of the alcohol fimctions in 245 

with NaH and CH3I gave 5y/w-[di(methoxymethyl)]dibenzo-16-crovm-5 

(246) in quantitative yield. 

OH OH 

OH OH 

conc-HCl 
aq a c e t o n e , r t 

o\ 

OH OH 

241 

p y r i d i n e , MsCl 
CH2CI2, 0 OC 

oX'o 

H H 
I I 

CS2CO3, o ; ) n ) (243) 

O 
DMF, 120 o c , N2 

MsO OMs 

242 

o\ 

0 0 

244 

conc-HCl 
MeOH, rt 

OH OH MeO OMe 

o o 

b 0 

245 

NaH,CH3l 

THF, rt, N2 

0 0 

0 o 

246 

Scheme 4.4. Syntiietic Route for Compound 246. 
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Synthesis of Acychc Pvridvl Ligands 

Other co-workers in the Bartsch Research Group have prepared 

lariat ethers with pendent pyridyl fimctions, such as compounds 247 and 

24815 (Figure 4.4). For studies of metal ion complexation by such lariat 

ethers, hpophihc acychc pyridyl compounds were needed as models. 

Synthetic routes to hpophihc pyridyl compounds 251 and 255, as weU as 

that for the non-pyridyl substituted analog 256, are shown in Scheme 4.5. 

Figure 4.4. Previously Prepared Lariat Ediers 247 and 248 witii 
Pendent Pyridyl Groups. 

AUcylationl5 of tiie 2-naphtiiol (249) witii NaH and 2-picolyl 

chloride hydrochloride (250) in DMF gave compound 251 in 16% yield. 

The low yield of tiiis reaction probably is a result of tiie low 

nucleophUicity of tiie sodium naphtiioxide anion. 

Esterification 16 of 2-naphtiioxyacetic acid (252) witii EtOH and 

concentrated H2SO4 in benzene and continuous circulation of tiie 

condensing vapors tiirough a Soxhlet tiiimble which contained anhydrous 

Na2S04 gave ester 25317 in 92% yield. ReductionlS of tiie ester 

function in 253 witii LiAlH4 in THF provided alcohol 254 in 91% yield. 
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AUcylation of compound 254 with NaH and 2-picolyl chloride 

hydrochloride (250) in DMF gave model compound 255 in 90% yield. 

This alkylation yield is appreciably higher than that obtained with 

compound 249. The greater nucleophihcity of the aUcoxide ion of 254 is 

probably responsible. Reaction under the same conditions, but with 

benzyl bromide in THF in place with 2-picolyl chloride hydrochloride 

(250) in DMF, gave the additional model compound 256 in 84% yield. 

The potentiometric responses of model compounds 251, 255 and 

256 in solvent polymeric membrane electrodes have been determined. 12 

OH 

249 

a NaH 

k l - ^ ^^ '̂ ^ '̂ ^2 
250 

Q&°^ 
251 

OCH,CO,H conc-H2S04, EtOH 

252 

benzene, reflux 

OCHjCOjEt 

253 

LiAlH4 

THF, reflux. 
N. 

OCHjCHjOH 

254 

NaH, 250 

DMF, rt, Ng 

NaH, benzyl bromide 

THF, r t , N2 

255 

°^^onO 
256 

Scheme 4.5. Syntiietic Routes for Model Compounds 251, 255, and 
256. 
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Chapter Summary 

To probe the effect of replacing the carbonyl oxygen in lariat ether 

oxyacetamides with sulfiu", a series of lariat ether oxythioacetamides was 

prepared. Picrate extraction experiments demonstrated a high propensity 

of these hgands for Ag"*" extraction. ̂  

Synthetic routes to lariat ethers with sulfiir as the first atom in the 

side arm or with two oxygen atom-containing side arms were discovered. 

The lariat ether sulfides were foxmd to exhibit very high Ag"*" selectivity in 

ion-selective electrodes. 12 

Experimental Procedures 

Sources of Reagents 

Unless otherwise specified, reagent grade starting materials and 

solvents were used as received. Lariat ether oxyacetamides 215-232 

were prepared by the hterature method.4 

Purification of Reagents 

Dry solvents were prepared as foUows: toluene was stored over 

activeted 4 A molecular sieves under nitrogen; pyridine was dried over 

KOH pellets, distiUed from KOH and stored over 4 A molecular sieves. 

General 

The chromatographic media, instrumentation, etc., used in this 

portion of the research for compound purification and characterization 

were the same as those described previously in die Experimental 

Procedure sections of Chapters n and IH. 
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General Procedure for the Synthesis of N.N-DiaUcvl svm-
Dibenzo-16-crovm-5-oxythioactaniides 197-205 

A mixture of the lariat ether oxyacetamide (10.88 mmol) and 

Lawesson's reagent (2.20 g, 5.44 mmol) in 250 mL of toluene was 

refluxed for 10 h. After the reaction mixture was cooled to room 

temperature, the solvent was evaporated in vacuo. The residue was 

dissolved in CH2CI2 (300 mL) and the solution was washed with H2O 

(2 X 150 mL), dried over MgS04, and evaporated in vacuo to give a 

brownish oU. The oU was chromatographed on sihca gel with CH2CI2, 

then EtOAc as eluents to give a colorless oU which was crystallized from 

Et20 (50 mL) to give the desired product. 

5y/ii-Dibenzo-16-crown-5-oxythioacetamide (197) was obtained in 

61% yield as a white sohd with mp 148-149 oC. IR (deposit from 

CH2CI2 solution on a NaCl plate): 3302 and 3179 (NH2); 1496 (C=S); 

1250 and 1120 (C-0) cm-1. I R NMR (CDCI3): 6 3.91-3.96 (m, 4H); 

4.14-4.18 (m, 4H); 4.26 (s, 5H); 4.64 (s, 2H); 6.83-7.05 (m, 8H); 7.68-

7.78 (br s, IH); 9.20-9.30 (br s, IH). Anal. Calcd. for C21H25O6NS: C, 

60.13; H, 6.01. Found: C, 60.14; H, 5.96. 

N-Propyl 5>^iii-Dibenzo-16-crown-5-oxythioacetamide (198) was 

obtained in 74% yield as a white sohd witii mp 131-132 oC. IR (deposit 

from CH2CI2 solution on a NaCl plate): 3290 (N-H); 1498 (C=S); 1258 

and 1112 (C-0) cm-1. I R NMR (CDCI3): 5 0.87-0.94 (t, 3H); 1.60 (m, 

2H); 3.65 (m, 2H); 3.92 (m, 4H); 4.14-4.24 (m, 9H); 4.65 (s, 2H); 6.86-

6.98 (m, 8H); 9.43-9.55 (br s, IH). Anal. Calcd. for C24H31O6NS: C, 

62.45; H, 6.77. Found: C, 62.75; H, 6.60. 
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N-Pentyl 5viif-Dibenzo-16-crown-5-oxythioacetamide (199) was 

obtamed in 72% yield as a white sohd witii mp 149-150 oC. IR (deposit 

from CH2CI2 solution on a NaCl plate): 3275 (N-H); 1500 (C=S); 1248 

and 1122 (C-0) cm-1. I R NMR (CDCI3): 6 0.78-0.81 (t, 3H); 1.12-1.38 

(m, 4H); 1.52-1.62 (m, 2H); 3.62-3.72 (m, 2H); 3.92-3.94 (m, 4H); 4.14-

4.24 (m, 9H); 4.64 (s, 2H); 6.88-6.99 (m, 8H). Anal. Calcd. for 

C26H35O6NS: C, 63.78; H, 7.20. Found: C, 63.65; H, 7.21. 

N,N-Dimethyl 5Vi7f-Dibenzo-16-crown-5-oxythioacetamide (200) 

was obtained m 61% yield as a white sohd widi mp 102-103 oC. IR 

(deposit from CH2CI2 solution on a NaCl plate): 1501 (C=S); 1256 and 

1124 (C-0) cm-1. 1 H NMR (CDCI3): 6 3.44 (s, 3H); 3.53 (s, 3H); 3.90-

4.00 (m, 4H); 4.10-4.20 (m, 4H); 4.25-4.40 (s, 5H); 4.84 (s, 2H); 6.85-

7.00 (m, 8H). Anal. Calcd. for C23H29O6NS: C, 61.73; H, 6.53. 

Found: C, 61.75; H, 6.62. 

N,N-Diethyl 5Viyf-Dibenzo-16-crown-5-oxythioacetamide (201) 

was obtained in 80% jield as a white sohd with mp 89-90 oC. IR 

(deposit from CH2CI2 solution on a NaCl plate): 1499 (C=S); 1258 and 

1124 (C-0) cm-1. iH NMR (CDCI3): 6 1.15-1.20 (m, 6H); 3.38 (m, 

4H); 3.92-3.94 (m, 4H); 4.14-4.27 (m, 9H); 4.59 (s, 2H); 6.83-6.97 (m, 

8H). Anal. Calcd. for C25H33O6NS: C, 63.14; H, 7.00. Found: C, 

63.50; H, 7.20. 

N,N-Dipropyl 5viii-Dibenzo-16-crown-5-oxythioacetamide (202) 

was obtained in 79% yield as a white solid with mp 85-86 ^C. IR 

(deposit from CH2CI2 solution on a NaCl plate): 1499 (C=S); 1259 and 

1124 (C-0) cm-1. 1 H NMR (CDCI3): 5 0.89-0.97 (m, 6H); 1.76 (m, 

4H); 3.79-3.94 (m, 8H); 4.13-4.17 (m, 4H); 4.31-4.33 (m, 5H); 4.84 
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(s, 2H); 6.83-6.99 (m, 8H). Anal. Calcd. for C27H37O6NS: C, 64.39; H, 

7.40. Found: C, 64.43; H, 7.50. 

N,N-Dibutyl ^/yi-Dibenzo-16-crown-5-oxythioacetamide (203) 

was obtamed in 79% yield as a white sohd witii mp 83-84 oC. IR 

(deposit from CH2CI2 solution on a NaCl plate): 1500 (C=S); 1258 and 

1124 (C-0) cm-1. 1 H NMR (CDCI3): 6 0.89-0.97 (m, 6H); 1.34-1.37 

(m, 4H); 1.65-1.70 (m, 4H); 3.82-3.95 (m, 8H); 4.13-4.17 (m, 4H); 4.30-

4.33 (m, 5H); 4.83 (s, 2H); 6.82-6.98 (m, 8H). Anal. Calcd. for 

C29H41O6NS: C, 65.51; H, 7.77. Found: C, 65.77; H, 7.90. 

N,N-Dipentyl 5V/ii-Dibenzo-16-crown-5-oxythioacetamide (204) 

was obtained in 85% yield as a white sohd with mp 63-64 oC. IR 

(deposit from CH2CI2 solution on a NaCl plate): 1499 (C=S); 1258 and 

1124 (C-0) cm-1. 1 H NMR (CDCI3): 5 0.87-0.93 (m, 6H); 1.30-1.33 

(m, 8H); 1.69-1.73 (m, 4H); 3.81-3.95 (m, 8H); 4.13-4.17 (m, 4H); 4.30-

4.33 (m, 5H); 4.83 (s, 2H); 6.83-7.00 (m, 8H). Anal. Calcd. for 

C31H45O6NS: C, 66.52; H, 8.10. Found: C, 66.65; H, 8.11. 

N,N-Dihexyl 5v/w-Dibenzo-16-crown-5-oxythioacetamide (205) 

was obtained in 50% yield as a white sohd with mp 38-39 ^C. IR 

(deposit from CH2CI2 solution on a NaCl plate): 1499 (C=S); 1258 and 

1124 (C-0) cm-1. iH NMR (CDCI3): 5 0.85-0.91 (m, 6H); 1.28-1.30 

(m, 12H); 1.61-1.68 (m, 4H); 3.81-3.95 (m, 8H); 4.13-4.17 (m, 4H); 4.30-

4.33 (m, 5H); 4.83 (s, 2H); 6.83-6.98 (m, 8H). Anal. Calcd. for 

C33H49O6NS: C, 67.43; H, 8.40. Found: C, 67.59; H, 8.33. 
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General Procedure for the Preparation of N,N-DiaUcyl svm-
(PropylMibenzo-16-crovm-5-oxythioactamides 206-214 

A mixture of the lariat ether oxyacetamide (4.24 mmol) and 

Lawesson's reagent (0.86 g, 2.12 mmol) in 150 mL of toluene was 

refluxed for 10 h. After the reaction mixture was cooled to room 

temperature, the solvent was evaporated in vacuo. The residue was 

dissolved in CH2CI2 (200 mL) and die solution was washed witii H2O 

(2 X 100 mL), dried over MgS04, and evaporated in vacuo to give a 

brownish oU. The oU was chromatographed on sUica gel with CH2CI2, 

then EtOAc as eluents to give a colorless oU which was crystaUized from 

Et20 (50 mL) to give the desired product. 

5yiff-(Fropyl)dibenzo-16-crown-5-oxythioacetamide (206) was 

obtained in 69% yield as a white sohd witii mp 65-67 oC. IR (deposit 

from CH2CI2 solution on a NaCl plate): 3414 and 3304 (NH2); 1500 

(C=S); 1257 and 1122 (C-0) cm-1. I R NMR (CDCI3): 6 1.01-1.08 (t, 

3H); 1.45-1.57 (m, 2H); 1.88-1.96 (m, 2H); 3.84-3.98 (m, 4H); 4.13-4.17 

(m, 6H); 4.53-4.58 (d, 2H); 4.96 (s, 2H); 6.81-6.98 (m, 8H); 7.55-7.66 

(br s, IH); 8.64-8.75 (br s, IH). Anal. Calcd. for C24H31O6NS: C, 

62.45; H, 6.77. Found: C, 62.53; H, 6.71. 

N-Propyl 5Vifi-(Propyl)dibenzo-16-crown-5-oxythioacetamide 

(207) was obtained in 64% yield as a white sohd witii mp 144-145 oc. 

IR (deposit from CH2CI2 solution on a NaCl plate): 3329 (N-H); 1499 

(C=S); 1257 and 1122 (C-0) cm-1. I R NMR (CDCI3): 5 0.85-0.92 

(t, 3H); 1.01-1.08 (t, 3H); 1.51-1.59 (m, 4H); 1.98-2.01 (m, 2H); 3.59-

3.63 (m, 2H); 3.80-4.25 (m, lOH); 4.52-4.57 (d, 2H); 4.97 (s, 2H); 
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6.80-6.95 (m, 8H); 8.80-9.02 (br s, IH). Anal. Calcd. for C27H37O6NS: 

C, 64.39; H, 7.40. Found: C, 64.30; H, 7.78. 

N-Pentyl 5Viif-(Propyl)dibenzo-16-crown-5-oxy thioacetamide 

(208) was obtained in 49% yield as a white sohd witii mp 114-115 oc. 

IR (deposit from CH2CI2 solution on a NaCl plate): 3330 (N-H); 1500 

(C=S); 1257 and 1122 (C-0) cm-1. 1 H NMR (CDCI3): 5 0.79-0.82 

(t, 3H); 1.01-1.08 (t, 3H); 1.21-1.24 (m, 4H); 1.49-1.53 (m, 4H); 1.88-

2.00 (m, 2H); 3.64-3.70 (m, 2H); 3.87-4.18 (m, lOH); 4.53-4.58 (d, 2H); 

4.97 (s, 2H); 6.80-6.93 (m, 8H); 8.89-9.01 (br s, IH). Anal. Calcd. for 

C29H41O6NSXO.IH2O: C, 65.29; H, 7.78. Found: C, 65.04; H, 7.78. 

N,N-Dimethyl 5V/if-(Propyl)dibenzo-16-crown-5-oxythioacet-

amide (209) was obtained in 56% yield as a white sohd with mp 122-

123 oc. IR (deposit from CH2CI2 solution on a NaCl plate): 1499 

(C=S); 1257 and 1122 (C-0) cm-1. I R NMR (CDCI3): 5 0.97-1.04 

(t, 3H); 1.45-1.56 (m, 2H); 1.89-1.99 (m, 2H); 3.36 (s, 3H); 3.50 (s, 3H); 

3.90-3.94 (m, 4H); 4.12-4.22 (m, 6H); 4.34-4.39 (d, 2H); 4.95 (s, 2H); 

6.80-6.94 (m, 8H). Anal. Calcd. for C26H25O6NS: C, 63.78; H, 7.20. 

Found: C, 64.02; H, 7.35. 

N,N-Diethyl 5Viii-(Propyl)dibenzo-16-crown-5-oxythioacetamide 

(210) was obtained in 61% yield as a colorless oU. IR (deposit from 

CH2CI2 solution on a NaCl plate): 1499 (C=S); 1256 and 1122 (C-0) 

cm-1. iH NMR (CDCI3): 5 0.96-1.04 (t, 3H); 1.21-1.31 (m, 6H); 1.49-

1.59 (m, 2H); 1.88-1.98 (m, 2H); 3.78-3.97 (m, 8H); 4.13-4.23 (m, 6H); 

4.33-4.38 (d, 2H); 4.92 (s, 2H); 6.80-6.95 (m, 8H). Anal. Calcd. for 

C28H39O6NS: C, 64.96; H, 7.59. Found: C, 65.21; H, 7.42. 
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N,N-Dipropyl *j^/w-(Propyl)dibenzo-16-crown-5-oxythioacet-

amide (211) was obtained in 52% yield as a white sohd witii mp 123-

124 oc. IR (deposit from CH2CI2 solution on a NaCl plate): 1499 

(C=S); 1257 and 1122 (C-0) cm-1. 1H NMR (CDCI3): 6 0.82-1.03 

(m, 9H); 1.48-1.58 (m, 2H); 1.66-1.77 (m, 4H); 1.90-1.98 (m, 2H); 3.68-

3.95 (m, 8H); 4.13-4.21 (m, 6H); 4.34-4.39 (d, 2H); 4.96 (s, 2H); 6.80-

6.96 (m, 8H). Anal. Calcd. for C30H43O6NS: C, 66.03; H, 7.94. 

Found: C, 66.08; H, 8.11. 

N,N-Dibutyl jrvi7f-(Propyl)dibenzo-16-crown-5-oxythioacetamide 

(212) was obtamed in 47% yield as a white sohd witii mp 102-103 oc. 

IR (deposit from CH2CI2 solution on a NaCl plate): 1500 (C=S); 1225 

and 1122 (C-0) cm-1. I R NMR (CDCI3): 5 0.81-1.03 (m, 9H); 1.24-

1.36 (m, 4H); 1.57-1.69 (m, 6H); 1.90-1.95 (m, 2H); 3.75-3.95 (m, 8H); 

4.13-4.21 (m, 6H); 4.34-4.39 (d, 2H); 4.96 (s, 2H); 6.81-6.94 (m, 8H). 

Anal. Calcd. for C32H47O6NS: C, 66.98; H, 8.26. Found: C, 67.04; H, 

8.19. 

N,N-Dipentyl y);'W-(Propyl)dibenzo-16-crown-5-oxythioacet-

amide (213) was obtamed in 33% yield as a colorless oU. IR (deposit 

from CH2CI2 solution on a NaCl plate): 1500 (C=S); 1257 and 1122 

(C-0) cm-1. iH NMR (CDCI3): 5 0.76-1.03 (m, 9H); 1.20-1.32 (m, 8H); 

1.42-1.80 (m, 6H); 1.91-2.01 (m, 2H); 3.75-3.93 (m, 8H); 4.13-4.20 

(m, 6H); 4.35-4.40 (d, 2H); 4.96 (s, 2H); 6.80-6.94 (m, 8H). Anal. 

Calcd. for C34H51O6NS: C, 67.85; H, 8.54. Found: C, 67.59; H, 8.25. 

N,N-Dihexyl 5vm-(Propyl)dibenzo-16-crown-5-oxythioacet-

amide (214) was obtained in 32% yield as a colorless oU. IR (deposit 

from CH2CI2 solution on a NaCl plate): 1499 (C=S); 1257 and 1122 
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(C-0) cm-1. iH NMR (CDCI3): 5 0.81-1.02 (m, 9H); 1.10-1.32 

(m, 12H); 1.36-1.75 (m, 6H); 1.88-1.98 (m, 2H); 3.79-3.95 (m, 8H); 4.12-

4.19 (m, 6H); 4.35-4.40 (d, 2H); 4.96 (s, 2H); 6.79-6.94 (m, 8H). Anal. 

Calcd. for C36H55O6NS: C, 68.65; H, 8.80. Found: C, 69.05; H, 8.75. 

Preparation of KN-Dinentyl 2-NaDhthnxythioacetamide (2.14) 

A mixture of N,N-dipentyl 2-naphtiioxyacetamide (233)8 (3.78 g, 

11.08 mmol) and Lawesson's reagent (2.24 g, 5.54 mmol) in 150 mL of 

toluene was refluxed for 10 h. After die reaction mixture was cooled to 

room temperature, die solvent was evaporated in vacuo. The residue was 

dissolved in CH2CI2 (200 mL) and die solution was washed witii H2O (2 

X 100 mL), dried over MgS04, and evaporated in vacuo to give a 

brownish oU. The oU was chromatographed on sUica gel with 700 mL of 

hexane-benzene (1:1, v/v) as eluent to give 3.90 g (99%) of a colorless oU. 

IR (deposit from CH2CI2 solution on a NaCl plate): 1507 (C=S); 1214 

(C-0) cm-1. 1H N M R (CDCI3): 5 0.85-0.92 (m, 6H); 1.29-1.31 (m, 8H); 

1.69-1.82 (m, 4H); 3.64-3.71 (m, 2H); 3.86-3.99 (m, 2H); 5.18 (s, 2H); 

7.26-7.40 (m, 4H); 7.73-7.77 (m, 3H). Anal. Calcd. for C22H31ONS: C, 

73.90; H, 8.74. Found: C, 73.85; H, 8.70. 

Preparation of Ethvl ^v/w-Dibenzo-16-crown-5 Sulfide (235) 

A mixture of 0.38 g (4.50 mmol) of sodium ethyhnercaptide, 

CS2CO3 (2.31 g, 7.08 mmol), and dry DMF (80 mL) was stirred for 3 h at 

110-120 oc under nitrogen. To the reaction mixture was added in one 

portion 1.00 g (2.36 mmol) of the mesylate of 5y/w-(hydroxy)dibenzo-16-

crowll-5 (94) in 10 mL of dry DMF and tiie mixture was stirred for 2 d at 
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110-120 oc. The reaction mixture was filtered and the filtrate was 

evaporated in vacuo. To the residue was added 100 mL of CH2CI2 and 

the solution was washed with H2O (3 X 50 mL), dried over MgS04, and 

evaporated in vacuo to give a yeUowish oU. The oU was 

chromatographed on sUica gel with EtOAc as eluent to give 0.60 g (65%) 

of a white sohd witii mp 105-106 oc. IR (deposit from CH2CI2 solution 

on a NaCl plate): 1258 and 1211 (C-0) cm-1. 1H NMR (CDCI3): 1.29-

1.37 (t, 3H); 2.73-2.80 (q, 2H); 3.43 (m, IH); 3.90-3.97 (m, 4H); 4.14-

4.18 (m, 4H); 4.23-4.44 (m, 4H); 6.82-7.05 (m, 8H). Anal. Calcd. for 

C21H26O5S: C, 64.59; H, 6.71. Found: C, 64.58; H, 6.63. 

General Procedure for the Synthesis of 

Alkyl 5'vm-Dibenzo-16-crovm-5 Sulfides 236-238 

Amixture of aUcyltiiiol (8.26 mmol), CS2CO3 (3.85 g, 11.80 mmol), 

and dry DMF (80 mL) was stirred for 3 h at 90-100 oc under nitrogen. 

To the reaction mixture was added the mesylate of 57Aw-(hydroxy)dibenzo-

16-crown-5 (94) (1.0 g, 2.36 mmol) in 10 mL of dry DMF in one portion 

and the mixture was stirred for 2 d at 90-100 oc. The reaction mixture 

was filtered and the filtrate was evaporated in vacuo. To the residue was 

added 100 mL of CH2CI2 and the solution was washed with H2O (3 X 50 

mL), dried over MgS04, and evaporated in vacuo to give a yeUowish oU. 

The oil was chromatographed on sUica gel witii CH2CI2 as eluent to give 

a coloriess oU which was crystallized from CH2Cl2-Et20 (1:9, v/v), 

Et20, or hexane to give the desired product as a sohd. 

Phenyl 5Vifi-Dibenzo-16-crown-5 Sulfide (236) was obtamed in 

72% yield as a white sohd witii mp 88-89 oc from a mixture of 
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CH2Cl2-Et20 (1:9, v/v). IR (deposit from CH2CI2 solution on a NaCI 

plate): 1256 and 1122 (C-O) cm-1. 1 H N M R (CDCI3): 5 3.83-4.01 

(m, 5H); 4.14-4.18 (m, 4H); 4.26-4.34 (m, 2H); 4.40-4.48 (m, 2H); 6.82-

7.00 (m, 8H); 7.24-7.35 (m, 3H); 7.51-7.56 (m, 2H). Anal. Calcd. for 

C25H26O5S: C, 68.47; H, 5.98. Found: C, 68.46; H, 6.17. 

Benzyl 5V/fi-Dibenzo-16-crown-5 Sulfide (237) was obtained in 

64% yield as a white sohd from Et20 witii mp 144-145 oc. IR (deposit 

from CH2CI2 solution on a NaCl plate): 1256 and 1122 (C-0) cm-1. 1 H 

NMR (CDCI3): 6 3.31-3.37 (m, IH); 3.84-3.93 (m, 4H); 3.97 (s, 2H); 

4.11-4.16 (m, 4H); 4.21-4.37 (m, 4H); 6.80-6.96 (m, 8H); 7.23-7.28 

(m, 5H). Anal. Calcd. for C26H28O5S: C, 69.00; H, 6.24. Found: C, 

69.03; H, 6.41. 

Octyl ^j'/if-Dibenzo-16-crown-5 Sulfide (238) was obtamed in 

68% yield as a white solid witii mp 40-41 oc from hexane. IR (deposit 

from CH2CI2 solution on a NaCl plate): 1257 and 1122 (C-0) cm-1. 1 H 

NMR (CDCI3): 5 0.85-0.91 (t, 3H); 1.27-1.45 (m, lOH); 1.61-1.66 

(m, 2H); 2.70-2.77 (t, 2H); 3.40 (m, IH); 3.91-3.97 (m, 4H); 4.14-4.30 

(m, 4H); 4.35-4.43 (m, 4H); 6.82-7.05 (m, 8H). Anal. Calcd. for 

C27H38O5S: C, 68.32; H, 8.07. Found: C, 67.92; H, 7.93. 

Preparation of Phenyl •yv/w-Dibenzo-16-crown-5 Sulfoxide (239) 

To a solution of lariat ether sulfide 236 (0.44 g, 1.0 mmol) in 45 mL 

of CH2Cl2-MeOH (1:8, v/v) at 0 oc was added KHSO5 (080 g, 1.30 

mmol). Upon completion of addition, the reaction mixture was stirred for 

1 h at room temperature. To the reaction mixture was added 50 mL of 

H2O and die mixture was extracted witii CH2CI2 (2 X 100 mL). The 
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combined extracts were washed with 10% aqueous sodium bisulfite (100 

mL) and H2O (100 mL), dried over MgS04, and evaporated in vacuo to 

give a yeUowish oU. The oU was chromatographed on sihca gel with 

EtOAc as eluent to give 0.30 g (66%) of a pale yeUow oU. IR (deposit 

from CH2CI2 solution on a NaCl plate): 1257 and 1124 (C-0); 1044 

(S=0) cm-1. 1H N M R (CDCI3): 5 3.61 (m, IH); 3.90-3.97 (m, 4H); 

4.11-4.22 (m, 5H); 4.35-4.45 (m, 2H); 4.77-4.82 (m, IH); 6.78-6.98 

(m, 8H); 7.52-7.70 (m, 3H); 7.71-7.75 (m, 2H). Anal. Calcd. for 

C25H26O6SXO.ICH2CI2: C, 65.11; H, 5.70. Found: C, 65.48; H, 5.65. 

Preparation of Phenyl 5v/y?-Dibenzo-16-crown-5 Sulfone (240) 

To a solution of lariat ether sulfide 236 (0.50 g, 1.14 mmol) in 45 

mL of CH2Cl2-MeOH (1:8, v/v) at 0 oc was added KHSO5 (2.10 g, 3.42 

mmol). Upon completion of the addition, the reaction mixture was stirred 

for 4 h at room temperature. To the reaction mixture was added 50 mL of 

H2O and die resultant mixture was extracted witii CH2CI2 (3 X 50 mL). 

The combined extracts were washed widi 10% aqueous sodium bisulfite 

(100 mL) and H2O (100 mL), dried over MgS04, and evaporated in 

vacuo to give a yeUowish oU. The oU was chromatographed on sihca gel 

witii CH2CI2 as eluent to give 0.21 g (40%) of a white sohd witii mp 51-

52 oc. IR (deposit from CH2CI2 solution on a NaCl plate): 1306 and 

1139 (SO2); 1258 (C-0) cm-1. 1H NMR (CDCI3): 5 3.82-3.94 (m, 5H); 

4.08-4.12 (m, 4H); 4.57-4.63 (m, 4H); 6.80-6.93 (m, 8H); 7.56-7.60 

(m, 3H); 8.03-8.08 (d, 2H). Anal. Calcd. for C25H26O7S: C, 63.82; H, 

5.57. Found: C, 64.14; H, 5.32. 
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Synthetic Procedures for the Preparation of 
5v/w-rDi(methoxymethyl)]dibenzo-16-crovm-5 (246) 

Monoisopropyhdene Derivative of Pentaerythritol (241). To a 

solution of pentaerythritol (30.0 g, 220.35 mmol) in 500 mL of aqueous 

acetone (1:3, v/v) was added 15 mL of concentrated HCl and the mixture 

was stirred for 15 h at room temperature. The reaction mixture was 

filtered to remove the unreacted pentaerythritol and the filtrate was dried 

over Na2C03 and evaporated in vacuo. The residue was placed in a 

thimble m a Soxhlet apparatus and extracted with petroleum ether for 30 

min to remove impurities foUowed by extraction with Et20 for 1 d to give 

9.85 g (25%) of a white solid witii mp 128-129 oc (ht.l3 mp 120-

125 OC). IR (deposit from CH2CI2 solution on a NaCl plate): 3258 

(0-H); 1146 and 1040 (C-0) cm-1. 1 H NMR (acetone-d6): 6 1.33 

(s, 6H); 3.60-3.76 (m, 10 H). 

Dimesylate of the Isopropyhdene Derivative of Pentaerythritol 

(242). To a solution of 241 (10.95 g, 62.14 mmol) in 200 mL of CH2CI2 

and pyridine (60.75 g, 768.05 mmol) at 0 oc was added MsCl (15.66 g, 

136.71 mmol) in 20 mL of CH2CI2 over a period of 1 h widi a syringe 

pump. The mixture was stirred for an additional 12 h at 0 oc. To the 

reaction mixture, 100 mL of 10% HCl was added and die organic layer 

was separated, washed witii H2O (3 X 100 mL), dried over MgS04, and 

evaporated in vacuo to give a brownish oU. The oU was crystaUized from 

MeOH (100 mL) to give 17.01 g (82%) of a white sohd witii mp 110-

111 oc (lit. 13 mp 107-110 OC). IR (deposit from CH2CI2 solution on a 

NaCl plate): 1352 and 1174 (SO2) cm-1. I R NMR (CDCI3): 5 1.43 

(s, 6H); 3.07 (s, 6H); 3.78 (s, 4H); 4.28 (s, 4H). 
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Crown Ether 244. A mixture of bisphenol 243 (7.38 g, 25.42 

mmol), CS2CO3 (20.71 g, 63.55 mmol), and 300 mL of dry DMF was 

stirred for 3 h at 120 oc under nitrogen. To die reaction mixture was 

added dunesylate 242 (8.45 g, 25.42 mmol) in 50 mL of dry DMF over a 

period of 6 h witii a syringe pump and die mixture was stirred for 12 h at 

120 oc. The DMF was evaporated in vacuo and 300 mL of EtOAc was 

added to die residue. The solution was washed witii H2O (3 X 100 mL), 

dried over MgS04, and evaporated in vacuo to give a brownish oU. The 

oU was chromatographed on sUica gel witii CH2CI2 as eluent to give 5.11 

g (48%) ofa white sohd witii mp II8-II90C. IR (deposit from CH2CI2 

solution on a NaCl plate): 1260 and 1122 (C-0) cm-1. 1 H NMR 

(CDCI3): 6 1.49 (s, 6H); 3.89-3.92 (m, 4H); 4.11-4.19 (m, 12H); 6.82-

6.97 (m, 8H). Anal. Calcd. for C24H30O7: C, 66.95; H, 7.02. Found: 

C, 66.74; H, 7.12. 

5V''i'-[Di(hydroxymethyl)]dibeiizo-16-crown-5 (245). A mixture 

of 244 (4.46 g, 10.36 mmol), 2.0 mL of 2 N HCl, and 100 mL of MeOH 

was stirred for 2 h at room temperature. The solvent was evaporated in 

vacuo and the residue was dissolved in benzene (150 mL) foUowed by 

azeotropic distiUation with a Dean Stark apparatus to remove the H2O. 

The solvent was evaporated in vacuo to give a pale yeUow sohd. The 

sohd was recrystalhzed from Et20 (50 mL) to give 3.79 g (95%) of a 

white sohd with mp 186-187 oc. IR (deposit from CH2CI2 solution on a 

NaCl plate): 3326 (0-H); 1260 and 1120 (C-0) cm-1. I R NMR 

(CDCI3): 6 2.78-2.85 (t, 2H); 3.90-3.94 (m, 4H); 4.02-4.05 (d, 4H); 4.15-

4.19 (m, 4H); 4.26 (s, 4H); 6.84-7.26 (m, 8H). Anal. Calcd. for 

C21H26O7: C, 64.60; H, 6.71. Found: C, 64.90; H, 6.76. 
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5Viif-[Di(methoxymethyl)]dibenzo-16-crown-5 (246). After 

removal of the mineral oU from NaH (0.33 g, 60% dispersion in mineral 

oU, 8.25 mmol) by washing with dry pentane under nitrogen, a solution of 

245 (0.53 g, 1.36 mmol) in 80 mL of dry THF was added. The reaction 

mixture was stirred for 1 h at room temperature and a solution of 

iodomethane (0.79 g, 5.44 mmol) in 10 mL of dry THF was added over a 

period of 1 h with a syringe pump. Upon completion of the addition, the 

reaction mixture was stirred for 1 d at room temperature. After cooling to 

0 oc, ice-water was added slowly to destroy the unreacted NaH and the 

THF was evaporated in vacuo. To the residue was added 100 mL of 

CH2CI2 and the solution was washed with H2O (2 X 50 mL), dried over 

MgS04, and evaporated in vacuo to give a yeUowish oU. The oU was 

crystallized from Et20 (50 mL) to give 0.56 g (99%) of a white sohd witii 

mp 140-142 oc. IR (deposit from CH2CI2 solution on a NaCl plate): 

1229 and 1122 (C-0) cm-1. I R NMR (CDCI3): 5 3.37 (s, 6H); 3.76 

(s, 4H); 3.96 (m, 4H); 4.13 (m, 4H); 4.21 (s, 4H); 6.85-6.92 (m, 8H). 

Anal. Calcd. for C23H30O7: C, 66.01; H, 7.23. Found: C, 65.94; H, 

7.21. 

Preparation of 2-(2-PicolyloxyWphtiialene (251) 

After removal of tiie mineral oU from NaH (1.25 g, 60% dispersion 

in mineral oU, 31.25 mmol) by washing witii dry pentane under nitrogen, a 

solution of 2-naphtiiol (249) (1.50 g, 10.40 mmol) in 80 mL of dry DMF 

was added and die mixture was stirred for 1 h at room temperature. A 

solution of 2-picolyl chloride hydrochloride (250) (1.71 g, 10.40 mmol) in 

10 mL of dry DMF was added over a period of 1 h witii a syringe pump. 
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Upon completion of the addition, the reaction mixture was stirred for 1 d 

at room temperature. After cooling to 0 oc, ice-water was added slowly 

to destroy the unreacted NaH and the DMF was evaporated in vacuo. To 

die residue was added 200 mL of CH2CI2 and die solution was washed 

widi 0.5 N aqueous NaOH (3 X 50 mL) and H2O (2 X 50 mL), dried over 

MgS04, and evaporated in vacuo to give a brownish oU. The oU was 

chromatographed on alumma with CH2CI2 as eluent to ^\Q 0.40 g (16%) 

of a coloriess oU. IR (deposit from CH2CI2 solution on a NaCl plate): 

1260 and 1178 (C-0) cm-1. 1 H NMR (CDCI3): 6 5.34 (s, 2H); 

7.20-7.44 (m, 5H); 7.59 (d, IH); 7.69-7.79 (m, 4H); 8.62-8.65 (d, IH). 

Anal. Calcd. for C16H13NO2: C, 81.68; H, 5.57. Found: C, 81.89; H, 

5.41. 

Synthetic Procedures for the Preparation of 
1 -(2-Naphthoxy)-2-(2-picolyloxv)ethane (255) 

Ethyl (2-Naphthoxy)acetate (253). A mixture of 2-(naph-

thoxy)acetic acid (252) (12.65 g, 62.56 mmol), concentrated H2SO4 

(2 mL), 100 mL of EtOH, and 100 mL of benzene was refluxed for 18 h 

witii continuous circulation of the condensing vapors through a Soxhlet 

thmible which contained anhydrous Na2S04. The solvents were 

evaporated in vacuo and 200 mL of EtOAc was added to the residue. 

The solution was washed witii 5% of aqueous Na2C03 (50 mL) and H2O 

(50 mL) and evaporated in vacuo to give a pale yeUow semi-sohd. The 

semi-solid was recrystaUized from hexane (150 mL) to give 13.19 g 

(92%) of a white sohd witii mp 45-46 oc (lit. 17 oU). IR (deposit from 

CH2CI2 solution on a NaCl plate): 1759 and 1736 (C=0); 1203 and 1178 
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(C-0) cm-1. 1 H N M R (CDCI3): 6 1.26-1.33 (t, 3H); 4.23-4.34 (q, 2H); 

4.72 (s, 2H); 7.06-7.07 (d, IH); 7.20-7.26 (m, IH); 7.38-7.44 (m, 2H); 

7.68-7.78 (t, 3H). 

2-(2-Naphthoxy)ethanol (254). A mixture of ediyl (2-naphtiioxy)-

acetate (253) (7.54 g, 32.75 mmol), LiAlH4 (1-86 g, 49.12 mmol), and 

200 mL of dry THF was refluxed overnight under nitrogen. The reaction 

mixture was cooled in an ice-bath whUe the foUowing additions were 

made slowly and consecutively: 12 mL of aqueous THF (1:5, v/v); 10 mL 

of 10% of aqueous NaOH; and 10 mL of aqueous THF (1:1, v/v). The 

precipitated morganic material was filtered and washed with hot THF. 

The combined filtrate and washings were evaporated in vacuo. To the 

residue was added 200 mL of EtOAc and the solution was washed with 

H2O (3 X 100 mL), dried over MgS04, and evaporated in vacuo to give 

5.63 g (91%) of a white sohd witii mp 72-73 oc. IR (deposit from 

CH2CI2 solution on a NaCl plate): 3361 (0-H) cm-1. 1 H NMR 

(CDCI3): 5 2.13 (br s, IH); 4.02-4.03 (m, 2H); 4.18-4.23 (m, 2H); 7.14-

7.45 (m, 4H); 7.70-7.79 (m, 3H). Anal. Calcd. for C12H12O2: C, 76.57; 

H, 6.43. Found: C, 76.36; H, 6.51. 

l-(2-Naphthoxy)-2-(2-picolyloxy)ethane (255). After removal of 

die mineral oU from NaH (0.48 g, 60% dispersion in mineral oU, 12.00 

mmol) by washing with dry pentane under nitrogen, a solution of 2-(2-

naphtiioxy)etiianol (254) (0.75 g, 4.00 mmol) in 100 mL of dry DMF was 

added. The mixture was stirred for 1 h at room temperature. A solution 

of 2-picolyl chloride hydrochloride (250) (0.65 g, 4.00 mmol) in 10 mL of 

dry DMF was added over a period of 1 h with a syringe pump at room 

temperature. Upon completion of the addition, the reaction mixture was 
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stirred for 1 d at room temperature. After cooling to 0 oc, ice-water was 

added slowly to destroy the unreacted NaH and the DMF was evaporated 

in vacuo. To the residue was added 200 mL of EtOAc and die solution 

was washed witii H2O (2 X 100 mL), dried over MgS04, and evaporated 

in vacuo to give a brownish oU. The oil was chromatographed on sUica 

gel witii EtOAc as eluent to give 1.00 g (90%) of a coloriess oU. IR 

(deposit from CH2CI2 solution on a NaCl plate): 1258 and 1119 (C-0) 

cm-1. 1 H N M R (CDCI3): 6 3.99-4.04 (m, 2H); 4.30-4.35 (m, 2H); 4.80 

(s, 2H); 7.15-7.53 (m, 6H); 7.65-7.79 (m, 4H); 8.55-8.58 (m, IH). Anal. 

Calcd. for C18H17O2N: C, 77.40; H, 6.13. Found: C, 77.21; H, 6.22. 

Preparation of l-(2-Naphthoxy)-2-(benzyloxy)ethane (256) 

After removal of the mineral oU from NaH (0.23 g, 60% dispersion 

in mineral oU, 5.75 mmol) by washing with dry pentane under nitrogen, a 

solution of 2-(2-naphtiioxy)etiianol (254) (0.53 g, 2.82 mmol) in 50 mL of 

dry THF was added. The reaction mixture was stirred for 1 h at room 

temperature. To the reaction mixture was added a solution of benzyl 

bromide (0.48 g, 2.82 mmol) in 10 mL of dry THF over a period of 1 h 

with a syringe pump at room temperature. Upon completion of the 

addition, the reaction mixture was stirred overnight at room temperature. 

After cooling to 0 oc, ice-water was added slowly to destroy the 

unreacted NaH and the THF was evaporated in vacuo. To the residue 

was added 100 mL of EtOAc and the solution was washed with H2O 

(2 X 100 mL), dried over MgS04, and evaporated in vacuo to give a 

brownish oU. The oU was chromatographed on sihca gel with benzene to 

give 0.66 g (84%) of a white sohd witii mp 51-52 oc. IR (deposit from 
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CH2CI2 solution on a NaCl plate): 1258 and 1118 (C-0) cm-1. 1H NMR 

(CDCI3): 5 3.87-3.92 (m, 2H); 4.25-4.30 (m, 2H); 4.67 (s, 2H); 7.13-7 44 

(m, 9H); 7.69-7.78 (m, 3H). Anal. Calcd. for C19H18O2: C, 81.99; H, 

6.52. Found: C, 82.10; H, 6.49. 
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