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ABSTRACT 

A series of proton-ionizable benzo-18-crown-6 lariat ethers has been prepared to 

probe the optimal host stmcture for a ferrioxamine B guest. Host-guest supraraolecular 

assembly formation constants involving second-sphere complexation of the siderophore 

ferrioxamine B by a lariat ether carboxylic acid host were obtained from liquid-liquid 

exfractions at high and low pH. The formation constant, Ka, determined at pH = 3.2 is 

compared to those from other lariat ether carboxylic acids of different chain lengths. 

These constants are similar to the parent crown ether. At pH = 9.3, the lariat ethers are 

ionized and this results in a more stable complexes. According to the comparison of 

formation constants at pH =9.3, an optimal host stmcture for the complexation of 

ferrioxamine B guest is determined. 

To study the complexation behavior of nitrogen containing macrocyclic ligands 

toward transition metal cations, series of diazadibenzocrowm ethers and diazadibenzo 

lariat ethers with neutral side arms and proton-ionizable side arms were synthesized. 

Solvent extraction and membrane transport studies were performed with 1,13-

diazadibenzo-15-crown-5, 1,13-diazadibenzo-18-crovra-6, 1,13-diazadi(?er^butylbenzo)-

18-crown-6 and l,13-diazadibenzo-18-crown-6 diester and showed that 1,13-diazadi 

(?ert-butylbenzo)-18-crown-6 and a l,13-diazadibenzo-18-crown-6 diester selectively 

2+ 2+ 2+ 

forms complexes with Pb in the presence of Cd and Zn • 

ix 
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CHAPTER 1 

INTRODUCTION 

1.1. Background of Crown Ether 

Crown ethers were originally defined as those compounds with multiple ether 

oxygen atoms incorporated in a monocyclic backbone. However, as the investigation of 

crown ethers and their derivatives developed, this definition has been expanded. Today, 

macrocyclic multidentate compound is more general term that refers to any compound 

with a cyclic stmcture, either monocyclic or multicyclic, and donor atoms, either oxygen 

and/or others, incorporated into the cyclic backbone. 

Although there were several earlier reports of the synthesis of macrocyclic 

polyethers, " their properties and potential were not realized until Pedersen reported the 

formation of stable complexes between macrocyclic polyethers and salts of alkali and 

alkaline earth metals in 1967.^ During an attempted preparation of the diphenol 4 from 

the dichloride 3 and the mono-protected catechol derivative 1, with 10% of catechol 2 

present as an impurity, Pedersen isolated an unexpected by-product in less than 1% yield 

which was subsequently identified as the macrocyclic polyether 5 (Scheme 1.1).̂  

Compound 5 was found to be insoluble in methanol, however, it became soluble in the 

presence of NaOH. 

In addition, Pedersen found that the yield of compound 5 was dramatically 

increased when catechol itself was used in the synthesis. ' This high yield in the 
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Scheme 1.1. Synthesis of Dibenzo-18-Crown-6 (5). 

preparation of compound 5 led Pedersen to deduce that the ring-closure step was 

facilitated by Na that surrounded the electron-rich oxygen atoms through ion-dipole 

interactions. Consequently, the two ends were in proximity for the ring-closure step. In 

addition, the hydrocarbon portion of the polyether chain oriented outwards from the 

cation, providing a lipophilic shield to help solubilize the complex in an organic solvent. 

This phenomenon is called a "template effect." However, this effect is not unique to the 

synthesis of macrocyclic polyethers. Transition metal template-controlled reactions have 

been used extensively in the synthesis of porphyrins,^'^ corrin ring systems,^° and large-

ring lactones. ̂ ^ 

Further investigations verified the template effect in the synthesis of 18-crown-6 

(10). Depending on the solvent, 18-crown-6 (9) was obtained in 33-93% yields from 

reaction of triethylene glycol (6) with ditosylate 7 in the presence of MesCOK.̂ '̂̂ ^ 
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Figure 1.1. Template Effect in Formation of 18-Crown-6. 

The enhanced yields were attributed to a template effect of K"^(Figure 1.1). Optimal 

expression of the template effect is expected when the diameter of the cation is well 

matched to the cavity diameter of the macrocyclic polyethers being formed (Table 1.1). 

It is also known that Li"̂  and Na"̂  show template effects in the synthesis of I2-crown-4 

(11) and 15-crown-5 (12), respectively (Figure 1.2).̂ "̂  

J \ - —-O o-

-o p-^ 0̂ ^o o-̂  \ o 
-O-

11 12 

Figure 1.2. Stmctures of 12-Crown-4 (11) and 15-Crown-5 (12). 



Table 1.1. Diameters of Selected Metal Cations and Crown Ethers.'^'^^ 

Cation Diameters (A) 

Li^ (1.20) Mg'^ (1.30) 

Na^ (1.90) Ca^^ (1.98) 

K^ (2.66) Sr̂ ^ (2.26) 

Rb"" (2.96) Ba^^ (2.70) 

Cs^ (3.34) N H / (2.84) 

Crown Ether Diameters (A) 

12-crown-4 1.2-1.5 

15-crown-5 1.7-2.2 

18-crown-6 2.6-3.2 

21-crown-7 3.4-4.3 

1.2. Nomenclature of Crown Ethers 

As the investigation of crown ether compounds developed, a more convenient 

way of naming them was needed. According to the lUPAC nomenclature system, 

compound 5 should be named 2,3,1 l,12-dibenzo-l,4,7,10,I3,16-hexaoxacyclo-octadeca-

2,11-diene, which is too comphcated for practical use. Therefore, 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, crown; and (4) the number of oxygen atoms in the 

polyether ring. Applying this nomenclature system to compound 5 gives the name " 

dibenzo-18-crown-6." "Dibenzo" designates the two benzene rings in the macrocyclic 

ring while "18" designates the total number of ring atoms. The class name "crown" is 

followed by "6," the number of oxygen atoms in the macrocychc ring. Some examples 

of macrocyclic compounds named according to Pedersen's tiivial nomenclattire system 

are shown in Figure 1.3. 
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l,13-diazadibenzo-15-crown-5 

Figure 1.3. Crown Ethers and Other Macrocycles Named According to Pedersen's 
Trivial Nomenclature System. 

1.3. Metal Ion Complexation by Crovm Ethers 

Complexes consist of two or more distinct molecules and are usually held 

together by hydrogen bonding, ion pairing, ion-dipole interaction, n-n interaction, or van 

der Waals interaction. A crovm ether host forms complexes by combining favorable ion-

dipole interactions between the cationic guest and nonbonding electrons of the crown 

ether's donor atoms. Crown ethers are composed of a series of lipophilic (methylene 

groups, alkyl chain) and hydrophilic (ether oxygens, nifrogen atoms, or fimctional 

groups) stmctural elements. ̂ ^ The hydrophilic, electronegative cavity of crown ether 

compounds is suited for alkali and alkahne earth metal cations. There are several 

sttuctural features of the macrocyclic polyether that influence the degree of the stability 



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

ring; coplanarity of the oxygen atoms in the crown 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 complexation by crown 

ethers is considered as "host-guest" complexation. The guest is entrapped in a 

nesting complex perching complex 
sandwich-type 
complex 

club sandwich-type two cations coinplexed 
1 by one host molecule 

complex ^ 
Figure 1.4. Variation of Geometries for Metal Ion-Crown Ether Complexes. 



cavity-like stmcture of the cyclic host molecule to form different types of complexes 

(Figure 1.4). 

When the size of a cation is well matched with that of the crown ether cavity, a 

1:1 complex (polyether:metal ion) is usually formed. A close match between the cation 

and macrocyclic cavity sizes results in the formation of a nesting complex in which the 

cation is enclosed within the cavity. When the cation is somewhat too large for the 

macrocyclic cavity, perching complexes are usually formed. On the other hand, if the 

optimum size relationship for complexation of a single cation does not exist, the 

complexation may occur by other modes. When the cation is too large for the cavity, 2:1 

or 3:2 complexes are favored.^^ The 2:1 complexes are called sandwich complexes and 

3:2 complexes are called club sandwich complexes. If the macrocycle is large and 

flexible, an oversized host molecule may accommodate two metal cations within its 

cavity to give a 1:2 complexes.^ '̂̂ ° In this complex formation between a complexing 

agent and a metal ion, the metal cation is held in place by the inward-facing oxygen 

atoms and becomes shielded by the outer, non-polar portion of the host molecule. 

Because of this shielding, the metal salt complex may be used for diffusion of the 

complex into or through non-aqueous solvents, whereas the uncomplexed salt would not 

pass from an aqueous phase into an organic phase. Solvent extraction is an efficient 

separation method of metal ions from an aqueous phase into an organic phase. Crown 

ethers and their analogues are used extensively as exfractants for fransferring metal ions 

21 22 

between two different liquid phases. ' 



1.4. Crown Ethers with Nitrogen Donor Atoms 

Crown ethers with only neutral oxygen donor atoms are known to be excellent 

complexing agents for alkali and alkaline earth metal cations. To investigate the 

coordination chemistry of other types metal cations, it is necessary to introduce donor 

atoms other than ether oxygens into the macrocyclic frame. The most important donor 

atom other than oxygen is nitrogen. Azaoxacrown ethers are of interest because they are 

sti-ucturally similar to polyoxacrown ethers, but are expected to form stronger complexes 

with heavy metal cations because of the presence of the nitrogen donor atoms. Nifrogen 

donor atoms can be incorporated into macrocyclic ring in two forms: saturated and 

unsaturated. One typical unsaturated form is a pyridine nitrogen. Typical saturated 

forms are secondary and tertiary amines. Saturated nitrogens are considered to be hard 

bases, while unsaturated nitrogens are classed as borderline bases.'̂ ^ However, both 

saturated and unsaturated nitrogen atoms show much greater affinity for most transition 

metal ions and weaker affmity toward alkali and alkaline earth metal ions compared to 

the affinity shown by oxygen donor atoms. There have been numerous studies on the 

cotnplexation of cations with nifrogen-containing'crowm ethers. Gahan and co-workers 

have investigated the complexation behavior of the monoazacrown ethers 13-15 with 

Pb^*, Hg^^, Cd^ ,̂ and Zn^^.^^'" In methanol/water (95:5, v/v), compounds 14 and 15 

showed significantly higher binding strength toward Pb̂ "̂  than crown ether analogues. 

Hĝ "̂  formed more stable complexes with 13-15 than either Cd̂ "̂ or Zn̂ "". 
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Figure 1.5. Examples of Monoazacrown Ethers 13-15. 

Izatt and co-workers studied alkylammonium cation complexation with 16 and its 

denvatives. ' Bianchi and co-workers synthesized compounds 17 and 18 and studied 

their complexation behavior with Cû "̂ . The presence of tertiary amino groups lowers 

their basicity and thermodynamic and stmctural data shows that all nitrogen atoms are 

coordinated to the metal ion in the complex, while oxygen atoms remain unbonded. 

c 
^ i ; = \ 

0 0 ^ 

0 0 

16 

CH3 

H C C ^ ^ CH 
^3^^N k ^ ' 

NH HN 

n 
17 2 
18 3 

Figure 1.6. Examples of Polyazaoxacrown Ethers and a Crown Ether with Unsaturated 
Nitrogen Atom. 



Bencini and co-workers also synthesized polyazacrowns 19-28 and studied their 

complexation behavior toward transition metal ions. The larger azacrowns are able to 

form not only mono- but also polynuclear complexes with metal cations.'̂ ^ The binding of 

anions by neutral crown ethers is generally very weak, however, many protonated 

azacrown ethers form complexes with anions.̂ ^"''̂  Availabihty of free secondary amine 

functions in the macrocyclic ring allows fiinctionalization of azacrowns by additional 

ligating centers, such as chromogenic and proton-ionizable groups, and also the 

constmction of more complicated three-dimensional ligands, such as the cryptands. 

19 
20 
21 
22 
23 

n 
0 
1 
2 
3 
4 

24 
25 
26 
27 
28 

n 
5 
6 
7 
8 
9 

1.5. Lariat Ethers with Non-Ionizable Side Arms 

Crown ether compounds have been modified to enhance their bindmg efficiency 

and selectivity. This modification includes the infroduction of hetero atoms and alkyl or 

aryl substittients into the macrocychc frame, as well as the preparation of lariat ethers. 

10 



The development of lariat ethers began in the mid-1970s. Jn the 1970s, crown ethers, 

cryptands, and spherands were studied extensively and their stmctural types established. 

Crown ethers have flexible frameworks and bind cations with modest high stability 

constants and have fast binding and release kinetics. These stability constants make 

crown ether good chelating agents. On the other hand, cryptands have rigid framework 

and tiiree-dimensional stmctures, so they have excellent bindmg sfrength toward metal 

cations. This strong binding ability resulted from complete displacement of a cation's 

solvent shell and surrounding the ion with an organized array of donor atoms. However, 

cryptands have very slow cation decomplexation rates, which make them poor fransport 

agents. Cram and co-workers found two important factors for strong cation binding 

during their sttidy of cryptands. The first factor is the rigidity of the ligand framework. 

The second factor is preorganization. The energy cost of forming such a highly 

organized environment is paid, in part, during ligand synthesis so that association occurs 

without energetically costly conformational change.̂ ^ 

Together with these factors, understanding the stmcture and function of the 

naturally occurring ionophore, valinomycin, stimulated the development of lariat ethers. 

Valinomycin is a natiurally occurring ionophore, which is well known for its excellent 

binding ability toward potassium ion. Binding constants of a crown ether, a cryptand, 

and valinomycin toward K are shown in Table 1.2. 

Gokel and co-workers began the search for more effective membrane fransport 

carriers in the early 1980s. Their studies attemped to mimic vahnomycin which is a 
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Table 1.2. Binding Constants of Ligands with K"". 

N N 

^"^O p—^ 

[2,2,2]cryptand 

O ^ V " O 

^ ™ V V s V - ^ g V 

Ligand 

18-crown-6 

[2,2,2]cryptand'' 

valinomycin'^ 

Ks (M-')^ 

115 

2.0x10^ 

3.1x10^ 

k;omplexation (•'vl J ) 

4.3 X 10** 

7.5x10^ 

4.7x10^ 

J^decomplexation ( ^ ) 

3.7x10'' 

38 

1.3x10^ 

Ks - kcompiexation/kdecompiexation- hi Water. In methanol 

natural and almost ideal carrier for K"̂ .̂ "* They synthesized crown ethers with side arms 

because it was apparent that the cryptands had the required three dimensionality to form 

stable complexes, but lacked good complexation-decomplexation dynamics. On the other 

hand, crown ethers have good complexation-decomplexation dynamic, but lacked the 

capability to envelop the cation and sufficient binding strength, especially in water.̂ "* 

Lariat ethers have good binding dynamics, which lies between crown ethers and 

cryptands and have some advantages over crown ethers, such as the potential for three-

dimensional metal ion complexation, while maintaming ease of synthesis. 

Several investigations were conducted in which a series of structtirally related 

compounds was prepared to sttidy the effect of extra coordination sites.̂ "*'̂ ^ Gokel and 
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co-workers synthesized a series of C-pivot lariat ethers with neutral side anns with 

increasing numbers of donor atom and lipophilicity to determine the effect of the neutral 

donor group contribution and lipophilicity on the metal ion complexation ability.^^ The 

stmctures of these crown and lariat ethers and extraction constants toward sodium and 

potassium picrates are shown in Table 1.3. Picrate extraction by C-pivot lariat ethers 30, 

31, 32, 34, and 40 was inferior to that of 15-crown-5 (29) itself This result shows that 

the donor atom should be sterically capable of contributing to a ring-bound cation. If the 

side arm is unable to contribute to the binding process, complexation is reduced rather 

than enhanced by its introduction. Another interesting result is that extraction constants 

are greater for K"*" than Na^ when more than one potential donor atom is available in the 

side arm. Compound 37 only has a single donor atom that is accessible to the ring-bound 

cation. This provides an environment that favors Na"̂  complexation. On the other hand, 

compotmds 38 and 39 have two or more accessible donor atoms in the side arm. 

Therefore, exfraction of K"̂  is more efficient, ft should be noted that K"̂  forms perching 

complexes with compounds 38 and 39, whereas Na^ forms a nesting complex with 

compound 37. 

Okahara and co-workers synthesized a series of alkyl-substituted 15-crown-5 

compounds, which have no additional donor atoms, and studied the effect of increasing 

lipophilicity on metal ion complexation. Their sttidy cleariy showed that the 

13 



Table 1.3. Complexation Behavior of C-Pivot Lariat Ethers toward Na"̂  and K"" in a 
CH2CI2-H2O System. 

O O - / 
R 

Compound 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

0 

R 

H 

C2H5 

CH2OH 

CH2OCH3 

CH20(CH2)3CH3 

CH20(CO)CH3 

CH20(CO)(CH2)2CH3 

CH20(CO)(CH2)i4CH3 

CH20(CH2)20CH3 

CH20(CH2CH20)2CH3 

CH20(CH2CH20)3CH3 

CHzOPh 

0 

0 ^ / 

Picrate Extraction 
%Na^ %K^ 
7.6 5.7 

a a 

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 

Below detection hmit. 

introduction of a linear alkyl group, which has no donor atoms, has ahnost no effect on 

the metal ion stability constant. 

ft is well known that the incorporation of nifrogen atoms mto a side arm of the 

crown ether usually improves the complexation for some fransition metals.^^ Crown 

ethers with nitrogen donor atoms in tiie ring provide attachment sites for one or more side 
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anns. This type of lariat ether is called a "N-pivot lariat ether." Due to the intrinsic 

advantages of N-pivot lariat ethers, such as ease of synthesis, lack of stereochemistry, and 

flexibility, extensive research has been conducted.^^ Gokel and co-workers have 

synthesized mono-, di-, and tribrachial lariat ethers and sttidied the thermodynamics of 

their cation complexation.^°'^^ They found that alkali metal cation fransport by 

monoazacrown ethers with ester and amide side-arm correlates with both log K and 

picrate extraction constants."" They also found that l,10-diaza-18-crown-6 with two 

peptide side arms selectively binds Câ "̂  in the presence of Na"̂ ."*" Tsukube and co

workers observed that l,10-diaza-18-crown-6 with two pyridiyl side arms effectively 

transports not only Na"̂  and Câ "̂ , but also Cû "̂  and Zn̂ "̂ .-'̂  Pyridino-nifrogen atoms in 

the side arms enhanced binding and transport abilities for soft transition metal cations. 

Briicher and co-workers found that armed l,10-diaza-18-crowTi-6 with malonate pendants 

shows high Sr /Ca and Pb /Zn selectivities. They found that the macrocycle 

displays high selectivity for large metal cations. They explained that this high selectivity 

is due to the better size match, i.e., the ability of larger metal ions to coordinate more 

carboxyl oxygen atoms. 

1.6. Lariat Ethers with Proton-Ionizable Side Arms 

Attachment of a side arm(s) to the crown ether ring is an effective method to 

improve its binding ability and selectivity. Lariat ethers are expected to occupy an 

intermediate position between crown ethers and cryptands. In fact, tiie binding constants 
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of lariat ethers are found to be substantially increased over those for simple crown 

ethers."^'"" 

A major interest in separation science is the removal of specific metal ions by 

solvent extraction from industrial wastewater. During an extraction process, the most 

common anions in waste solutions are chloride, nitrate, and sulfate, hi many cases, the 

distribution coefficients of metal salts possessing these anions between an aqueous phase 

and an organic phase, which contains a crown ether, are too low to be useful (Figure 

1.7). For the crown ethers and neufral lariat ethers, the extraction efficiency is very low 

overall because both an alkali metal cation and a counter anion must be transferred into 

the organic phase to form the neutral extraction complex. Proton-ionizable lariat ethers 

have an important advantage over the neufral crovm ethers or lariat ethers with non-

ionizable side arms in that the exfraction of a metal cation from 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. Since the ionizable side arm can contribute an internal 

counter ion during complexation, proton-ionizable lariat ethers should extract cations 

more efficiently than their neufral counterparts. Another advantage of the proton-

ionizable lariat ethers is that the complexed metal ions may be readily removed from the 

separated organic phase by shaking with aqueous acid (Figure 1.8). 
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Aqueous 
Stream 

Orgnic 
Stream 

Waste Recovery 

Figure 1.7. Metal Ion Separation Using a Crown Ether in Solvent Extraction. 

Studies of metal cation extraction have showm that metal ion extraction 

efficiencies and selectivities can be enhanced by stmctural variations within proton-

ionizable lariat ethers. Bartsch and co-workers synthesized a series of lipophilic lariat 

ether carboxylic acids and studied the effect of crown ether ring size upon competitive 

solvent extraction of alkah metal cations.'*̂ "'*̂  Lipophihcity of a proton-ionizable lariat 

ether is an important factor for efficient transport of metal ions from an aqueous phase 
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into an organic medium. A proton-ionizable lariat ether should have sufficient 

lipophilicity; otherwise, it will be lost from the organic phase upon deprotonation. 

Extraction 

M X" H"'X" + 

Aqueous 
Phase 

Organic 
Phase 

Aqueous 
Phase 

Organic 
Phase 

Stripping 

H cr M cr + 

New 
aqueous 
phase 

Separated 
organic 
phase 

Aqueous 
phase for 
analysis 

Recovered 
organic 
phase 

Figure 1.8. Metal Ion Extraction and Stripping with a Proton-Ionizable Lariat Ether. 
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In addition to the lipophihcity of proton-ionizable lariat ethers, variation of the 

lipophilic group attachment site may also influence the selectivity and the efficiency of 

solvent extraction. For example, lariat ether carboxylic acdis 41 and 42 are stmctural 

isomers in which the lipophilic groups are attached to the side arm and to the same crown 

ether ring carbon atom to which the side arm is attached (Figure 1.9). Competitive 

H .OCHCO2H C8Hn/OCH2C02H 

O O^ ^ ^ ^ / O O 

0 0 " ^ ^ ^^ .0 0: 

41 42 

H DCH2CO2H C10H21 OCH2CO2H 

o o ^ ^ ^ ^ ^ ^ 0 o 

^ o o ^ ^ ^ ^ ^ ; o o; 

43 44 

Figure 1.9. Dibenzo Lariat Ether Carboxyhc Acids. 

solvent exfraction sttidy showed that compound 42 had enhanced Na^ exfraction 

selectivity over compound 41. This resuft is due to the preorganization of the binding 

site. A crystal stmcttire of compound 44 showed that the oxyacetic acid moiety is 

positioned over the crown ether ring while the oxyacetic acid group in compound 43 
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points away from the crown ether cavity."^ hi agreement, the more preorganized stmcttire 

of compound 44 with respect to that of compound 43 exhibited the higher Na^ extraction 

selectivity.''* 

The identity of the proton-ionizable group in a lariat ether is also an important 

factor. Bartsch and co-workers synthesized and evaluated lariat ether carboxylic acids, 

phosphonic acids monoethyl esters, phosphonic acids, sulfonic acids, and hydroxamic 

acids.'*̂ "̂ ^ They prepared series of proton-ionizable N-(X)sulfonyl 5;;w-(decyl)dibenzo-

crownoxyacetamides 45-48 to investigate the effect of cavity size on selectivity toward 

alkah metal cations (Figure 1.10).̂ '̂ "̂ ^ 

1.7. Statement of Research Goals 

Due to their special properties in selectively binding metal ions, anions, neutral 

molecules, and nonmetal cations, crown ethers have established important roles in a large 

number of applications. These applications include separation and transport, sensoring 

and switching, medical apphcations, catalysts, and enzyme mimics. 

Siderophore-mediated iron acquisition by microbes involves iron release from the 

Fe(III) complex and subsequent incorporation into the cell.^^'^°Metal-ligand exchange at 

the cell surface or penetration of the siderophore complex into the cell interior likely 

involves molecular recognition by a receptor. Because cell surface recognition factors 

play an important role in siderophore mediated iron acqusition, several natural and 

synthetic macrocyclic and linear molecules, including crown ethers, have been used as 

models for cell surface receptors.^^'" ft has been reported that the siderophore 
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C10H21/OCH2CONHSO2X C,oH2i OCH2CONHSO2X 

O O, 

;o 0: 

0 

45 

0 o 

o o 
\ I 

46 

C10H21 OCH2CONHSO2X C10H21 OCH2CONHSO2X 

o o 

o o 

47 

o o 

o o 

ô o 
\ / 

48 

,] 

Figure 1.10. Proton-Ionizable N-(X)sulfonyl 5;^w-(Decyl)dibenzo Systems with Different 
Ring Sizes. 

ferrioxamine B can be selectively recognized through second-coordination-sphere 

complexation of the protonated amine side chain by different ionophore host molecules.^^ 

A recent study has shown that proton-ionizable lariat ether hosts provide additional 

opportunities for molecular recognition.^^ When the lariat ether carboxylic acid is 

ionized, it can act as a counterion. Consequently, ion-ion host-guest interactions are 

added to the existing ion-dipole interactions, to mcrease bmding. For the benzo-18-

crown-6 carboxyhc acids with n = 4, 7, and 10 (Figure 1.11), the stability constant for 

complexation of ferrioxamine B increased as the side arm was lengthened. However, 

21 



this result does not imply that this stability constant will continued to increased as the 

side arm is lengthened. Lariat ether carboxylic acids with different tether lengths will be 

synthesized and their complexation behaviors investigated to determine the optimal tether 

lengtii for stable complexation of fenioxamine B by the lariat ether carboxyhc acid. 

O' 
^ ^ O 6^CH20(CH2)nC02H 

o 

Figure 1.11. Lariat Ether Carboxylic Acid for Complexation of Ferrioxamine B. 

Azacrown ethers form stronger complexes with the transition metal cations than 

crown ethers which containing only oxygen atoms.̂ ^ In addition, the availability of free 

secondary amine fimctions in the macrocyclic ring allows the fiinctionalization of 

azacrowns by additional ligating centers, such as chromogenic and proton-ionizable 

groups. The flexibility and invertibility of nitrogen atom and the consequent lack of 

stereoisomers, which result during synthesis, favored development of N-pivot lariat 

ethers.̂ "*'̂ ^ To determine how two arms rather than one would contribute to the overall 

binding of metal cations, complex formation with several diaza lariat ethers was 

studied.̂ '̂̂ ^ A disadvantage of diazacrown ethers, when compared with crown ethers, is 

the fact that their nitrogen atoms act as proton acceptors. Since protonation competes 
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with cation coordination, the scope of applications in aqueous solution of these 

compounds is nomially restricted to high pH values. Their cation affinities are markedly 

reduced at neutral pH due to protonation.^* The introduction of aniline type nitrogens into 

the macrocyclic ring should reduce this problem because of a substantial decrease of the 

basicity of the nitrogen atoms.^^ 

To study the complexation behavior of aniline-type, nitrogen-containing lariat 

ethers toward transition metal cations, series of diazadibenzocrown ethers and lariat 

etiiers with neufral and proton-ionizable side arms will be synthesized (Figure 1.12). 

R l \ ^ ^ ^ N N ^ ^ ^ ^ R i 

^ ° ^ 
Rl = H or ^butyl 
R2 = C02Et, CO2H, or N-(X)sulfonyl carboxamides, 

where X = CH3, CF3, Ph, and C6H4-jr7-N02 
m = 0 or 1 
n = 1 or 2 

Figure 1.12. Diazadibenzocrovm Ethers with Neutral and Proton-ionizable Side Arms. 
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CHAPTER 2 

SYNTHESIS OF LARIAT ETHER CARBOXYLIC ACIDS FOR 

OPTIMIZATION OF HOST STRUCTURE FOR FERRIOXAMINE B GUEST 

2.1. Introduction 

Iron is the second most abundant metal, and the fourth most abundant element in 

the earth's cmst. Most hving systems require iron for their growth and development. 

The value of iron to biological systems is largely due to the two stable valencies that 

provide considerable range to the reactivity of iron. When inserted into appropriate 

organic ligands, the metal's reactivity can be manipulated, allowing it to catalyze a wide 

range of chemical reactions essential to the cell, fron is the active component of the 

oxygen carrier proteins as well. It is well known fact that, for microbial metabolism, 

sufficient fron is necessary, fron can have a dual role in the life of a cell both as a 

protector from oxidative damage and as a destroyer by promoting such damage. Both 

iron insufficiency and iron excess render cells at risk to damage from oxy-radicals.^ 

Although iron is important in biological systems and abundant, it occurs mostly as 

msoluble oxide and is poorly soluble in water at ambient conditions. Therefore, 

biological systems have devised a variety of strategies to solubilize this essential metal 

and incorporate it into their fimctional constittients. Ingenious sfrategies had to be 

developed to maintain intracellular iron levels within very nan-ow physiologically 

permissible windows. 

29 



The most studied and perhaps best-understood systems of microbial iron 

acquisition are those based on the low molecular mass (500-1000 Da), fron-chelating 

molecules called siderophores.^ Siderophores have high affmity (Kaff > 10 °̂) for fenic 

ion, being able to solubilize iron from insoluble complexes of the metal and form six 

coordinate octahedral complexes.^'' Whereas siderophores fail to penetrate biological 

membranes, the stmcturally well-defined siderophore-iron(ni) complexes are taken up by 

microbial cells via highly specific membrane receptors. Whatever the detailed 

mechanism, the dependence of most living systems on iron for growth and development, 

the large variety and wide distribution of siderophores, and of their matching membrane 

receptors provide an excellent playground for the sttidy of recognition phenomena. 

Siderophore-mediated iron acquisition by microbes involves fron release from the Fe(in) 

complex and subsequent incorporation into the cell. ' Metal-ligand exchange at the cell 

surface or penetration of the siderophore complex into the cell interior likely involves 

molecular recognition by a receptor. Protems involved in cellular siderophore uptake 

and the mechanism have been reviewed,^ Because cell surface recognition factors play an 

important role in siderophore-mediated iron acquisition, several natural and synthetic 

macrocychc and linear molecules, including crown ethers, have been used as models for 

cell surface receptors. ' 

Crown ethers are excellent hosts for alkali and alkaline earth cations, and they 

often demonsfrate a high degree of cation selectivity. Therefore, they resemble the 

naturally occurring antibiotic macrocycles, which have been shown to alter the 

permeability of biological membranes to certain cations.^ ft has also been established that 
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crown ethers with an appropriate cavity size recognize protonated amine side chains of 

biological molecules by host-guest complex forniation.^" Crown ether cation selectivity is 

govemed by the ion-cavity radius concept, as well as by the charge density of the metal 

cation, the nature of the anion present, and the conforaiational energy aspects of the 

crown ethers. ' '̂̂ ^ The polarity of the solvent also makes a significant contribution to the 

complexation ability of the crown ether when host-guest complexation occurs m liquid 

systems. ̂ ^ 

Second-sphere interactions'^ between crown ethers and hydrophihc metal 

complexes leading to the formation of adducts provide the possibility of selective 

exfraction of specific metal complexes into organic media.''' Such second-sphere adducts 

may be formed with neutral'^''^ or charged'"'''* metal complexes which contain -NH, 

-OH, or -CH acidic ligands that are capable of hydrogen bonding interactions. Most of 

the adducts formed with metal amine complexes show a stmctural analogy to the three-

point hydrogen bonding interaction of ammonium and substituted ammoiuum ions with 

crowoi ether.'^ The interplay of hydrogen bonding forces and TT-T: charge transfer 

interactions may stabilize the host-guest adduct.'^ Additional electrostatic charge-dipole 

interaction between a cationic complex and polyether oxygens increases the stability 

relative to adduct formation involving neutral species. Adducts are also possible where 

the crown ether serves simultaneously as a first- and second-sphere coordination 

ligand.^°-^' 
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Recently, it has been reported that the siderophore femoxamine B can be 

selectively recognized^^ through second-coordination-sphere complexation of the 

protonated amine side cham by different ionophore host molecules (Figure 2.1).̂ ^ 

0-
Q 

Figure 2.1. Supramolecular Assembly Involving a Benzo-18-Crown-6 Host and 
Ferrioxamine B Guest 

The ferrioxamine B metal complex has the distinct feature of a side chain that 

bears a substituted ammonium group which does not participate in the first coordination 

shell of the metal ion. The crown ether enters the second coordination shell of the metal 

complex where it recognizes the ammonium end of the ligand side chain. The 

ammonium ftmctionality bears a positive charge and exhibits both hydrogen bonding and 

electrostatic forces with the crowm ether oxygen atoms. The unportance of the positive 

charge is illustrated by the fact that adduct formation is not observed when the metal 

complex is deprotonated. 
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Of course, siderophore cell receptors are more complex than crown ether hosts, 

hivestigation of synthetic macrocyclic hosts, however, wiU help to elucidate host-guest 

interactions that are relevant to the recognition and reactivity of stable metal complexes. 

Such investigations are also relevant to how antibiotics and host molecules may influence 

the biodistribution of Fe carriers, such as fenioxamine B, in the body, fri an attempt to 

understand some of the molecular recognition processes that are operative in biological 

metal-fransport system, the factors that may contribute to the enhanced stability of 

specific host-guest interactions in the second coordination sphere of transition metal 

carrier complex were sttidied.'̂ "^^ Stmctural features associated with the host molecules, 

as well as some aspects of the metal complex guest, have been explored. The influence 

of the counterion needed to achieve a neutral supramolecular assembly involving the 

catiomc femoxamme B complex has been recognized, as well as the influence of the 

cationic guest.'̂ '̂ ' ^̂  The steric requirements of the bulky ferrioxamine B guest and of the 

host, which influence the stability of a supramolecular assembly, have been studied. 

Because the medium is known to influence the stability of the supramolecular 

assembly,̂ '̂̂ ^ solvent effects have also been investigated.^* It has been reported that, by 

optimizing the characteristics of all species interacting in the supramolecular assembly 

(cation guest, macrocychc host, counterion, and solvent), the stability constant for 

second-sphere complexation of ferrioxamine B may be enhanced by several orders of 

magnitude. A three-dimensional host provides additional opportunities for molecular 

recognition, for example, faciUtated by additional flexibihty, increased number and type 

of host-guest interaction sites, and desolvation. Cryptands have been compared with 
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crown and azacrown ethers in this regard. The lariat ether, which has one or more side 

anns with additional donors attached to a macrocycle has been developed by Gokel and 

others.^'-^^ The typical lariat ether anangement minimizes the number of kinetic steps 

necessary for complexation. This leads to an increased complexation rate, which, in 

combination with a decreased decomplexation rate, leads to a higher cation binding 

constant. Due to the lower rigidity of the three-dimensional stmcture fonned by a 

flexible lariat ether side ami, the decomplexation rate is less affected than in the case of 

cryptands, which makes lariat ethers potentially more suitable as biological earners, fri 

addition, the possibility of stmctural variation of the side ami in terms of length and 

fimctional groups extends the capability for molecular recognition over that of an 

unsubstituted macrocyclic ionophore. 

A recent sttidy^^ has shown that proton-ionizable lariat ether hosts provide 

additional opportunities for molecular recognition. When the lariat ether carboxylic acid 

is ionized, it can act as a counterion. Consequently, ion-ion host-guest interactions are 

added to the existing ion-dipole interactions, maximizhig binding dynamics. For the 

benzo-18-crown-6 carboxylic acids with n = 4, 7, and 10 (Figure 2.2), the stability 

constant for complexation of ferrioxamine B increased as the side arm v^as lengthened. 

Comparison of the host-guest equilibrium constants for the lariat ethers at pH= 

3.2 with those for the parent crown ether, benzo-18-crown-6, showed that the non-ionized 

lariat ether side arm on the lariat ether had no influence on complex stability. At an 

elevated pH, the ionized lariat ether served as both host and counterion to form a 

complex. Comparison ofK^cp^ values for the lariat ethers wdth that for benzo-18-crowm-
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6 at pH= 9.3 showed that the tethered, carboxylate functional group significantly 

enhances host-guest complex stability, hi addition, increasing the length of the side arai 

enhanced the stability of the complex. Steric factors are important in ferrioxamine B 

host-guest complex formation. The stereochemical requirements of the hydrogen-

bonding associated with host-guest complex formation, along with the bulkiness of 

ferrioxamine B, requires the N atom of the amine side chain to be well above the mean 

oxygen plane of the crowm ether ring. To assure charge neutrality, the carboxylate 

ftmctionality is likely to be located close to the amine site through extensive bending of 

the side arm. The longer the arm, the better it should be its ability to approach the 

distant amine site. 

Figure 2.2. Supramolecular Assembly hivolving an Ionized Lariat Ether Carboxylic Acid 
Host and Ferrioxamine B Guest. 

However, this resuft does not imply that the stability constant will continue to 

increase as the side ami is lengthened fiirther, nor does it suggest where the stability will 

35 



tail off To investigate this factor, lariat ether carboxyhc acids 59-61 with different 

tether lengths were synthesized and thefr complexation behaviors were investigated to 

detemiine the optimal tether length for stable complexation of femoxamine B by a lariat 

etiier carboxylic acid (Figure 2.3). 

O' 
O 6^CH20(CH2)nC02H 

o 

n 
59 4 
60 10 
61 15 

Figure 2.3. Stiructtires of the Lariat Ether Carboxylic Acids 

2.2. Results and Discussion 

2.2.1. Synthesis of lariat ether carboxyhc acids with different side arm lengths 

The synthetic route to the lariat ether alcohol precursor 58 of the target lariat ether 

carboxylic acids is presented in Scheme 2.1. Reported methods were utilized for the 

synthesis of compounds 52 and 55.̂ "* Treatment of acyclic diol 49 with tert-BuOK and 

chloroacetic acid in tert-BuOR followed by acidic workup gave diacid 50, which was 

used for the next step without purification since it was very hard to remove a residual 

trace oftert-BuOR completely. Esterification of 50 with EtOH and/?-TsOH in benzene, 
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with continuous circulation of the condensing vapors through a Soxhlet thimble that 

contained anhydrous Na2S04, provided diester 51 in 12% yield. 

CHjOBn 

/ \ 
HO OH 

49 

1) terf-BuOK, CICH2CO2H 
/er/-BuOK, reflux, N2 

2) H3O"' 
O 

CH20Bn 

O O 

OH HO 

50 (90%) 

O 

O 

OH 

CH20Bn 

HO 

52 (89%) 

LiAlH4 

THF, reflux 
N2 

/7-TsOH 
EtOH 

benzene 
reflux 

CH20Bn 

O 

r< 
O O 

OEt EtO 

51 (72%) 

O 

1) tert-B\xOYi, ClCHoCOjH 
fert-BuOK, reflux, IJ2 

2) H3O"' 

,CH20Bn 

d 0—\ 

b 1 
OH HO-

O O 

53(91%) 

;?-TsOH,EtOH 

benzene, reflux 

r 
0 

/ V 
6' 

CH20Bn 

0 0 - ^ 

0 
\ 

OEtEtO-^ 
0 

54 (90%) 

Scheme 2.1. Synthesis of ll-Hydroxymethyl-2,3-Benzo-18-Crown-6 (58). 
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Scheme 2.1. (Continued). 
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Reduction of the ester functions in 51 with LiAlH4 in THF gave diol 52 in 89% yield. 

Treatment of 52 with tert-BuOK and chloroacetic acid in tert-BuOH followed by acidic 

workup and column chromatography gave dicarboxylic acid 53 in 91%) yield. 

Esterification of the carboxylic acid function in 53 with EtOH andp-TsOH in benzene, 

with continuous circulation of the condensing vapors through a Soxhlet thimble that 

contained anhydrous Na2S04, provided diester 54 in 90%o yield. This esterification yield 

is significantly higher than that obtained with compound 50. The higher yield probably 

results from the use of a purified dicarboxylic acid precursor as a reactant. Reduction of 

the ester function in 54 with LiALH4 in THF gave diol 55 in 11% yield followed by 

mesylation of the alcohol functions in 55 with MsCl and EtsN in CH2CI2 to give 

dimesylate 56 in quantitative yield. Ring formation by reaction of dimesylate 56 with 

CS2CO3 and catechol in CH3CN gave lariat ether 57 in 56-60% yields. Catalytic 

hydrogenation of the benzyl protecting group in compound 57 with 10%) Pd/C in EtOH 

gave ll-hydroxymethyl-2,3-benzo-18-crown-6 (58) in 95%o yield. 

For the synthesis of the first targeted lariat ether carboxylic acid, a reported 

method^^ was utihzed (Scheme 2.2). Reaction of lariat ether alcohol 58 with NaH and an 

appropriate ethyl bromoalkanonate in THF at reflux followed by acidic workup and 

purification by simple distillation to remove impurities gave lariat ether carboxylic acids 

59 and 60 fri 40 and 38%) yields, repectively. The ethyl bromoalkanoates reactants 62 and 

63 were prepared in quantitative yields by esterification of the appropriate commercially 

available bromoalkanoic acid with EtOH and/j-TsOH in benzene with continuous 
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circulation of the condensing vapors through a Soxhlet thimble, which contained 

anhydrous Na2S04. The preparation of these alkylating agents is shown in Scheme 2.3. 

C^O^^ 1) NaH, Br(CH2)„C0,Et f ^ ^ O ^ 
6 O^CH^OH THF. reflux ^T^^ O^CH,0(CH,).CO,H 

_n 
58 59 4 

60 10 

Scheme 2.2. Preparation of Lariat Ether Carboxylic Acids 59-60. 

EtOH,;?-TsOH 
Br(CH2)nC02H ^ Br(CH2)„C02Et 

beiKcne, reflux 

n 
62 4 (99%) 
63 10 (99%) 

Scheme 2.3. Preparation of Ethyl Bromoalkanoates 62 and 63. 

However in the case of compound 66, 16-hydroxyhexadecanoic acid was used as 

a startmg material since 16-bromohexadecanoic acid was not commercially available. 

Compound 66 was synthesized by a modified literature method.^^ The preparation of 

compound 66 is shovm in Scheme 2.4. 

40 



HO(CH2),5C02H 
EtOH,p-TsOH 

benzene, reflux 

HO(CH2)i5C02Et 

64 (92%) 

Et3N, MsCl 
CH2CI2 

NaBr 

Br(CH2)i5C02Et 

66 (90%) 
acetone, reflux 

MsO(CH2)i5C02Et 

65 (97%) 

Scheme 2.4. Preparation of Ethyl 16-Bromohexadecanoate (66). 

Esterification of commercially available 16-hydroxyhexadecanoic acid with EtOH 

and/7-TsOH in benzene gave ethyl 16-hydroxyhexadecanoate (64) in 92% yield. 

Reaction of compound 64 with MsCl and EtsN in CH2CI2 provides mesylate ester 65 in 

97%) yield. Compound 65 was reacted with NaBr in acetone under reflux to give ethyl 

I6-bromohexadecanoate (66) in 90%) yield. 

For the preparation of compound 61, the same reaction conditions as before were 

initially attempted. However, when lariat ether alcohol 58 was reacted with NaH and 

ethyl 16-bromohexadecanoate hi THF, the product mixture was found to contain several 

different compounds. It was very difficult to separate individual components from the 

mixture. According to its ' H N M R spectrum, this mixture contained the desfred 

carboxylic acid 61, the corresponding ester, and an elimination product of the alkylating 
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agent. In order to develop alternative reaction conditions, several model reactions were 

performed (Scheme 2.5). Unfortunately, all of these model reactions gave a similar 

H2OH fV 
K ^ 2) H3O* 

l)NaH, Br(CH2)i5C02Et 

THF. reflux, 18h.N7 

l)NaH, Br(CH2)i5C02Et 

DMF, reflux, 18h,N2 

2) H30'' 

1) NaH, MsO(CH2)i5C02Et 

THF, reflux, 18h, N, 

2) H3O"' 

1) NaH, MsO(CH2)i5C02Et 

DMF. reflux, IShN^ 

2) H3O"' 

Scheme 2.5. Model Reactions for the Alkylation of a Lariat Ether Alcohol. 

resuft, i.e., the cmde reaction product contained the carboxyhc acid, ester, and an 

elimination product of the alkylating agent. Isolated yields of the carboxylic acid were 

25-30%. 
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Based upon the results from this model reaction, mesylate ester 65 was used as 

the alkylating agent for reaction with the lariat ether alcohol (Scheme 2.6). Since it was 

tiiought that the excess of NaH and the water which was added to destroy unreacted NaH 

play an important role in the hydrolysis of the first-fomied ester, higher temperature and 

longer time were utilized during the workup process. After adding excess water to 

desfroy the unreacted NaH, the aqueous THF solution was heated in vacuo at 80 "C to 

evaporate the THF and water. Acidic workup followed by chromatography on silica gel 

gave lariat ether carboxylic acid 61 in 33%o yield. 

I ^ O ^ l)NaH,MsO(CH2)i5C02Et | ^ ^ 0 ^ 
O 0 ^ C H 2 0 H THF, reflux f ^ V ^ 0^CH20(CH2)i5C02H 

^ o o ^ ^^^^ ^ ' ^ o o^ 

58 
61 (33%) 

Scheme 2.6. Preparation of Lariat Ether Carboxylic Acid 61. 

2.2.2. Analytical study 

The complexation behavior of benzo-18-crown-6 (B18C6) and lariat ether 

carboxylic acids 59-61 was evaluated by Professor A. Crumbliss and his coworkers at 

Duke University. Comparison of the host-guest association equilibrium constants (K2) 

for the lariat ethers and the parent B18C6 at pH = 3.2 allows the influence of the presence 

of an undissociated carboxylic acid side arm to be examined. The data in Table 2.1 
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reveal that the non-ionized lariat ether side arm has no influence on host-guest assembly 

stability (i.e., the stability constants are similar for B18C6 and all of the lariat ethers). At 

pH = 9.3, tiie carboxylic acid fimction in the side arm is deprotonated and the ionized 

ligand serves as both a host and a counter anion, forming the assembly shown in Figure 

2.2. This results in higher host-guest association equilibrium constants for the lariat 

Table 2.1. Host-Guest Association Equilibrium Constants for Ferrioxamine B with 
Crown Ether and Lariat Ether Carboxylic Acid Hosts.'̂ ^ 

Crown or 

Lariat Ether 

B18C6 

59 

60 

61 

LogiCa 

pH = 3.2 

3.21 

3.38 

3.26 

3.26 

Log .^app 

pH = 9.3 

3.17 

4.29 

4.85 

4.09 

ether carboxylic acids that varies with the chain length. Comparison of the data at high 

and low pH establishes that fluctuations in the stability constants are due to the side arm 

ftself Previously, it was shown that increasing the length of the side arm of the lariat 

ether increases the stability of the host-guest assembly." These resufts were based solely 

on 6-, 9-, and 12-atom spacers in the lariat ether side arm. The extraction data presented 

m Table 2.1 demonsfrate that the lariat ether chain length passes through a maximum 

with respect to stability as measured by K^^^ and are corroborated by molecular modelmg 
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results. The molecular modeling parabola cleariy shows that as more methylene groups 

are added to the lariat ether side arm past a 12-atom spacer, the stability begins to 

decrease. At a 17-atom spacer, the stability is well below that of the lariat ether with a 6-

atom spacer. This behavior was also evident in the extraction data, which reveals that 

the 17-atom spacer lariat ether lies well below its 6-atom spacer congener. The longer 

the side arm, the better the counter anion can approach the protonated pendant amine of 

ferrioxamine B. This charge neutralization occurs through extensive bending of the side 

arm and hence an increase in arm length leads to more facile ion pairing. Increasing the 

number of atom spacers proves to be advantageous up to a certain extent. Once this 

optimum is reached, the side arm can no longer better approach the amine site and there 

is no increase in conformational freedom. Excess methylene groups in the side arm 

hinder host-guest interaction and the decrease in K^p^ reflects this. In other words, a long 

arm beyond a certain length is as inadequate as a short arm, and becomes more of a 

hindrance than an asset.̂ ^ The ideal chain length of the lariat ether carboxylate in the 

host-guest assembly is a 12-atom spacer. 

2.3. Chapter Summary 

A series of proton-ionizable benzo-18-crown-6 lariat ethers 59-61 have been 

prepared for investigation of optimal host stincture for ferrioxamine B guest. Host-guest 

supramolecular assembly formation constants involving second-sphere complexation of 

the siderophore ferrioxamine B by a lariat ether carboxylic acid host were obtained from 

liquid-liquid exfractions at high and low pH. The formation constant, K^,, determined at 

45 



pH = 3.2 is compared to those from other lariat ether carboxylic acids of different chain 

lengths. These constants are similar to the parent crown ether. At pH = 9.3, the lariat 

ethers are ionized and this resufts in a more stable complexes. According to the 

comparison of formation constants at pH =9.3, compound 60 is an optimal stmcture for 

the complexation of ferrioxamine B guest. 

2.4. Experimental Procedures 

2.4.1. Sources of Reagents 

Unless otherwise specified, reagent-grade starting materials and solvents were 

used as received. 

2.4.2. Purification of Reagents 

Tefrahydrofuran (THF) was dried over sodium with benzophenone as an indicator 

and distilled immediately before use. Benzene and acetonitrile were stored over 4 A 

molecular sieves. 

2.4.3. General 

Melting points were determined with a Mel-Temp (capillary tube) mefting point 

apparatus. Infrared (IR) spectra were recorded with a Perkin-Eimer Model 1600 FT-IR 

spectrometer on NaCl plates (fihn deposited from CH2CI2 solution) and are reported in 

wavenumbers (cm"'). ' H NMR specfra were recorded with an IBM AF 200 MHz 

spectrometer with CDCI3 as a solvent, unless otherwise specified. The ' H NMR 
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chemical shifts (6) are reported in parts per million (ppm) downfield from 

teframethylsilane (TMS). Splitting patterns in NMR spectra are identified as: s, singlet; 

d, doublet; dd, doublet of doublets; t, triplet; q, quartet; br s, broad singlet; and m, 

muftiplet. Elemental analysis was performed by Desert Analytics Laboratory of Tucson, 

Arizona. 

2.4.4. Synthetic Procedures for the Preparation of 1 l-(Hydroxymethyl)-
2,3-benzo-18-crown-6 (58) 

2.4.4.1. Synthesis of Diethyl 3,6-dioxa-4-(benzvloxymethvl)-
1,8-octanedicarboxylate (51) 

To arefluxing solution of 3-benzyloxy-l,2-propanediol (49) (10.43g, 57.2 mmol), 

tert-BuOK (32.1 g, 286.2 mmol), and tert-BuOU (420 mL) under nitrogen was added 

chloroacetic acid (13.53 g, 143.1 mmol) in 42 mL oftert-BuOR over a period of 2 h with 

a syringe pump. Upon completion of the addition, the reaction mixture was refluxed for 

an additional 20 h. The solvent was evaporated in vacuo and the residue was dissolved 

in distilled water (500 mL). The alkaline aqueous solution was washed with Et20 (3 X 

200 mL), acidified with 6 N HCl to pH 1, and exfracted with EtO Ac (3X150 mL). The 

combined EtO Ac extracts were dried over MgS04 and evaporated in vacuo to give 17.15 

g of cmde diacid 50 as a yellow oil. 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;?-TsOH and the 

reaction mixture was refluxed for 5 h with continuous cfrculation 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 
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solution was washed with aqueous NaHCOs (2 X 100 mL) and distilled water (2 X 100 

mL), dried over MgS04, and evaporated in vacuo to give 15.88 g (78%)) of a colorless oil 

(ht.^^ 66%). IR (deposit from CH2CI2 solution on a NaCl plate): 1753 and 1720 (C=0); 

1206 and 1132 (C-O)cm-'. ' H NMR (CDCI3): 6 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). 

2.4.4.2. Synthesis of 3,6-Dioxa-4-(benzyloxvmethyl)-l,8-cotanediol (52) 

A mixture of diester 51 (14.67 g, 41.39 mmol), LiAlH4(3.93 g, 103.5 mmol), and 

dry THF (200 mL) was refluxed for 3 h under nitrogen. The reaction mixture was 

cooled in an ice-bath while the following additions were made slowly and consecutively: 

12 mL of aqueous THF (1:5, v/v); 10 mL of 15%o aqueous NaOH; and 20 mL of aqueous 

THF (1:1, v/v). The resulting mixture was allowed 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 

yellowish oil. The oil was dissolved in CH2CI2 (300 mL) and the organic solution was 

washed with distilled water (2 X 100 mL), dried over MgS04, and evaporated in vacuo to 

give a yellowish oil. The oil was chromatographed on silica gel with CH2CI2 then 

EtO Ac as eluents to give 8.31 g (81%) of 52 as a colorless oil (ht.̂ "* 86%). IR (deposft 

from CH2CI2 solution on a NaCl plate): 3395 (0-H); 1070 (C-0) cm"'. ' H NMR 

(CDCI3): 5 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). 
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2.4.4.3. Synthesis of 3,6,9.12-Tetraoxa-7-(benzvloxvmethvn-
l,14-tetradecanedioic acid (53) 

To a refluxing solution of diol 52 (10.12 g, 37.44 mmol) and tert-BuOK (21.00 g, 

187.2 mmol) in 600 mL of/er/-Bu0H under nitrogen was added a solution of 

chloroacetic acid (8.85 g, 93.6 mmol) in 45 mL oftert-BuOB over a period of 1 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 distilled water (300 mL). The alkaline aqueous solution was washed with Et20 (2 X 

200 mL), acidified with 6 N HCl to pH 1, and extracted with EtO Ac (3 X 100 mL). The 

combined EtO Ac exfracts were dried over MgS04 and evaporated in vacuo to give cmde 

diacid as a yellow oil. The oil was chromatographed on silica gel with MeOH as eluent 

to give 13.72 g (94%) of the product as a pale yellow oil (ht.^'' 91%). IR (deposft from 

CH2CI2 solution on a NaCl plate): 3660-2220 (0-H); 1740 (C=0); 1116 (C-0) cm"'. ' H 

NMR (CDCI3): 6 3.54-3.82 (m, 13H); 4.16-4.17 (d, 4H); 4.54 (s, 2H); 7.32 (m, 5H). 

2.4.4.4. Synthesis of Diethyl 3,6,9,12-Tetraoxa-7-(benzyloxymethvl)-l,14-
tetradecanedicarboxylate (54) 

Esterification of the carboxyhc acid groups in compound 53 (11.77 g, 30.46 

mmol) was performed under the conditions given for compound 50. After reaction, the 

solvents were evaporated in vacuo and 300 mL of Et20 was added to the residue. The 

Et20 solution was washed with satiurated aqueous NaHC03 (2 X 100 mL) and distilled 

water (2 X 100 mL), dried over MgS04, and evaporated in vacuo to give a yellowish oil. 

The oil was chromatographed on silica gel with CH2CI2 then EtOAc as eluents to give 
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11.55 g (86%) of the product as a pale yellow oil (ht.^'' 90%). IR (deposft from CH2CI2 

solution on a NaCl plate): 1753 and 1726 (C=0); 1147 and 1120 (C-0) cm"'. ' H NMR 

(CDCI3): 6 1.22-1.31 (m, 6H); 3.58-3.80 (m, 13H); 4.13-4.23 (m, 8H); 4.55 (s, 2H); 7.32 

(s, 5H). 

2.4.4.5. Synthesis of 3,6,9,12-Tetraoxa-7-(benzyloxymethyl)-l, 
14-tefradecanediol (55) 

Reduction of the ester functions in compound 54(12.76 g, 28.8 mmol) was 

performed under the conditions given for compound 51. After precipitated inorganic 

material was filtered and washed with hot THF, the combined filtrate and washings were 

evaporated in vacuo and 300 mL of CH2CI2 was added to the aqueous residue. The 

organic layer was separated, washed with distilled water (2 X 100 mL), dried over 

MgS04, and evaporated in vacuo to give pale yellow oil. The oil was chromatographed 

on sihca gel with EtOAc then MeOH as eluents to give 9.10 g (71%o) of the product as a 

pale yellow oil (ht.^^ 91 %). IR (deposft from CH2CI2 solution on a NaCl plate): 3395 

(0-H); 1070 (C-0) cm"'. ' H NMR (CDCI3): 5 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). 

2.4.4.6. Synthesis of 3.6.9.12-Tetraoxa-7-(benzyloxymethyl)-l, 
14-tetradecane Dimesylate (56) 

To a solution of compound 55 (3.20 g, 8.90 mmol) and Et3N (3.20 ml, 23.4 

mmol) in 150 mL of CH2CI2 at 0 °C was added MsCl (2.30 g, 19.6 mmol) over a period 

of 1 h with a syringe pump. The reaction mixture was allowed to warm to room 
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temperature during a 2-h period and 40 mL of 10% aqueous HCl was added. After 30 

min, the organic layer was separated, washed with 100 mL each of saturated aqueous 

NaHC03, brine, and distilled water, dried over MgS04, and evaporated in vacuo to give a 

pale yellow oil. The oil was chromatographed on silica gel with CH2CI2 then EtOAc as 

eluents to give 4.48 g (98%)) of the product as a coloriess oil (Ift.̂ '' 98%)). IR (deposft 

from CH2CI2 solution on a NaCl plate): 1351 and 1174 (SO2); 1104 (C-0) cm"'. ' H 

NMR (CDCI3): 5 3.04-3.05 (d, 6H); 3.35-3.77 (m, 17H); 4.34-4.36 (m, 4H); 4.54 (s, 2H); 

7.33 (s, 5H). 

2.4.4.7. Synthesis of 1 l-(Benzyloxymethyl)-2,3-benzo-18-crown-6 (57) 

A mixture of catechol (1.81 g, 16.4 mmol), CS2CO3 (13.4 g, 41.1 mmol), and dry 

MeCN (350mL) was refluxed for 3 h under nitrogen. To the reaction mixture was added 

a solution of dimesylate 56 (8.45 g, 16.4 mmol) in 180 mL of dry MeCN at 3 mL/h with a 

syringe pump. Upon completion of the addition, the reaction mixture was refluxed for 

an additional 18 h, cooled to room temperature, and filtered. The filtered solid was 

washed with CH2CI2 (2 X 50 mL). The combined filtrate and washfrigs were evaporated 

in vacuo and 200 mL of CH2CI2 was added to the residue. The solution was washed 

with distilled water (3 X 100 mL), dried over MgS04, and evaporated in vacuo to give 

yellowish oil. The oil was chromatographed on alumina with EtOAc as eluent to give 

6.50 g (91%)) of the product as a coloriess oil (1ft.̂ "̂  60%o). IR (deposft from CH2CI2 

solution on a NaCl plate): 1256 and 1227 (C-0) cm"'. ' H NMR (CDCI3): 5 3.51-3.53 (d. 
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2H); 3.64-3.93 (m, 15H); 4.13-4.17 (m, 4H); 4.53 (s, 2H); 6.89 (s, 4H); 7.29-7.34 (m, 

5H). 

2.4.4.8. Synthesis of 1 l-Hydroxymethvl-2.3-benzo-18-crown-6 (58i 

A mixture of compound 57 (1.15 g, 2.65 mmol), 0.50 g of 10% Pd/C, 0.10 g ofp-

TsOH and 50 mL of EtOH was shaken vigorously in a Parr hydrogenator under 60 psi of 

hydrogen at room temperattire. Hydrogen uptake was complete after 24 h. The reaction 

mixture was filtered through a pad of Celite on a sintered glass funnel and the filtrate was 

evaporated in vacuo to give a colorless oil. The oil was chromatographed on alumina 

with EtOAc then MeOH as eluents to give 0.82 g (90%) of product as a colorless oil 

(lit^^ 95%). IR (deposft from CH2CI2 solution on a NaCl plate): 3382 (O-H); 1256 and 

1124 (C-0) cm"'. 'HNMR(CDCl3): 5 3.67-3.96 (m, 17H); 4.14-4.19 (m, 4H); 6.89-6.91 

(s, 4H). 

2.4.4.9. General Procedure for the Synthesis of Ethyl 
Bromoalkanoates 62 and 63 

Esterification of the carboxylic acid fimction in the ethyl bromoalkanoic acid 

(21.4 mmol) was performed under the conditions given for compound 51. After 

reaction, the solvents were evaporated in vacuo and 300 mL of Et20 was added to the 

residue. The Et20 solution was washed with saturated aqueous NaHC03 (2X50 mL) 

and distilled water (50 mL), dried over MgS04, and evaporated in vacuo to give the 

desired product. 
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2.4.4.9.1. Ethyl 5-bromopentanoate (62) was obtained in 99% yield as a pale 

yellow oil. IR (deposft from CH2CI2 solution on a NaCl plate): 1735 (C=0) cm"'. ' H 

NMR (CDCI3): 5 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). 

2.4.4.9.2. Ethyl 11-bromoundecanoate (63) was obtained in 99% yield as a pale 

yellow oil. IR (deposft from CH2CI2 solution on a NaCl plate): 1736 (C=0) cm"'. ' H 

NMR (CDCI3): 6 1.21-1.41 (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). 

2.4.4.10. Preparation of Ethyl 16-Hydroxyhexadecanoate (64) 

Esterification of 16-hydroxyhexadecanoic acid (1.0 g, 3.67 mmol) was performed 

under the conditions given for compound 51. After the reaction was completed, the 

solvents were evaporated in vacuo and 300 mL of Et20 was added to the residue. The 

Et20 solution was washed with saturated aqueous NaHC03 (2X50 mL) and distilled 

water (50 mL), dried over MgS04, and evaporated in vacuo to give 1.02 g (92%) of 

product as white solid with mp 65-67 °C. IR (deposit from CH2CI2 solution on NaCl 

plate): 3376 (0-H); 1735 (C=0)cm"'. 'HNMR(CDCl3): 5 1.21-1.29 (m, 25H); 1.53-

1.57 (m, 4H); 2.24-2.32 (t, 2H); 3.61-3.67 (t, 2H); 4.07-4.17 (q, 2H). 

2.4.4.11. Preparation of Ethyl 16-(Mesyloxy)hexadecanoate (65) 

Mesylation of compound 64 (4.84 g, 16.1 mmol) was performed under the 

conditions given for compound 56. After the reaction was completed, the reaction 
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mixture was allowed warm to room temperature during a 2-h period and 10% aqueous 

HCl was added. After the organic layer was separated, washed with saturated aqueous 

NaHC03 (2 X 50 mL), brine (50 mL), and distilled water (50 mL), dried over MgS04, the 

solvent was evaporated in vacuo to give 5.90 g (97%) of product as a white solid with mp 

43-44 °C. IR (deposft from CH2CI2 solution on NaCl plate): 1734 (C=0); 1743 and 1167 

(SO2) cm"'. ' H N M R (CDCI3): 5 1.21-1.29 (m, 25H); 1.56-1.75 (m, 4H); 2.24-2.32 (t, 

2H); 3.00 (s, 3H); 4.07-4.14 (q, 2H); 4.19-4.25 (t, 2H). 

2.4.4.12. Preparation of Ethyl 16-Bromohexadecanoate (66) 

To sodium bromide (1.18 g, 11.5 mmol) in 100 mL of acetone was added a 

solution of mesylate 65 in 30 mL of acetone. The reaction mixture was refluxed for 6 

days. After the acetone was evaporated in vacuo, 30 mL of distilled water and 30 mL of 

CH2CI2 were added to the residue. The CH2CI2 layer was separated, washed with 

distilled water (2X30 mL), dried over MgS04, and evaporated in vacuo to give a white 

sohd. This sohd was recrystaUized from CH3CN to give 0.94 g (90%) of product as a 

white sohd with mp 29-30 °C. IR (deposft from CH2CI2 solution on a NaCl plate): 1734 

(C=0)cm"'. 'H NMR (CDCI3): 5 1.21-1.49 (m,25H); 1.57-1.65 (m, 2H); 1.78-1.89 (m, 

2H); 2.25-2.32 (t, 2H); 3.37-3.44 (t, 2H); 4.05-4.17 (q, 2H). 
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2.4.4.13. Preparation of 5-n l-rMethvlene,)-2,3-benzo-18-crown-6-oxv] 
pentanoic Acid (59) 

To a suspension of NaH (1.40 g, 43.8 mmol) in dry THF was slowly added lariat 

ether alcohol 58 (1.00 g, 2.92 mmol) in 250 mL dry THF. The reaction mixture was 

stirred for 2 h at room temperature under nitrogen and compound 62 (1.32 g, 3.50 mmol) 

m 50 mL of dry THF was added over period of 1 h with a syringe pump. The mixture 

was refluxed for 2 days and cooled to 0 °C. A few drops of ice water were slowly added 

to destroy the unreacted NaH and the solvents were evaporated in vacuo. To the residue 

was added CH2CI2 and the solution was acidified with 6 N HCl. After the mixture was 

shaken vigorously for a few minutes, the organic layer was separated, washed with 

distiUed water (2 X 100 mL), and dried over MgS04. The solvent was evaporated in 

vacuo to give a yellowish oil. The oil was heated at 105 °C in vacuo to remove 

impurities and give 0.60 g (40 %) of product as a yeUow oil. IR (deposft from CH2CI2 

solution on a NaCl plate): 3437 (0-H); 1729 (C=0); 1256 and 1124 (C-0) cm"'. ' H , 

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). 

2.4.4.14. Preparation of 8-ri l-(Methylene)-2,3-benzo-18-crown-6-oxyl 
octanoic Acid (60) 

To a suspension of NaH (0.84 g, 35.0 mmol) in dry THF was slowly added lariat 

ether alcohol 58 (0.77 g, 2.20 mmol) in 100 mL dry THF. The reaction mixture was 

stirred for 2 h at room temperature under nitrogen and compound 63 (1.00 g, 3.40 mmol) 

in 20 mL of dry THF was added over period of 1 h with a syringe pump. The mixture 
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was refluxed for 2 days and cooled to 0 °C. A few drops of ice water were slowly added 

to destroy the unreacted NaH and the solvents were evaporated in vacuo. To the residue 

was added CH2CI2 and the organic solution was acidified with 6 N HCl. After the 

mixttu-e was shaken vigorously for a few minutes, the organic layer was separated, 

washed with distilled water (2 X 100 mL), and dried over MgS04. The solvent was 

evaporated in vacuo to give a yellowish oil. The oil was heated at 120 °C in vacuo to 

remove impurities and give 0.45 g (33%) of product as a yellow oil. IR (deposit from 

CH2CI2 solution on a NaCl plate): 3467 (0-H); 1733 (C=0); 1256 and 1124 (C-0) cm"'. 

' H NMR (CDCI3): 6 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). 

2.4.4.15. Preparation of 16-[lI-(Methylene)-2,3-benzo-I8-crown-6-oxy] 
hexadecanoic Acid (61) 

To a suspension of NaH (1.40 g, 43.8 mihol) in dry THF was slowly added lariat 

ether alcohol 58 (1.00 g, 2.92 mmol) in 250 mL dry THF. The reaction mixture was 

stirred for 2 h at room temperature imder nitrogen and compound 65 (1.32 g, 3.50 mmol) 

in 50 mL of dry THF was added over period of 1 h with a syringe pump. The mixture 

was refluxed for 2 days and cooled to 0 °C. A few drops of ice water were slowly added 

to destroy the unreacted NaH and the aqueous THF solution was heated in vacuo at 80 °C 

to evaporate the THF and water. To the residue was added CH2CI2 and the solution was 

acidified with 6 N HCl. After the mixture was shaken vigorously for a few minutes, the 

organic layer was separated, washed with distiUed water (2 X 100 mL), and dried over 
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MgS04. The solvent was evaporated in vacuo and the residue was chromatographed on 

sihca gel with CH2Cl2-Et0Ac (3:1) as eluent to give 0.57 g (33%)) of product as a waxy 

sohd. IR (deposit from CH2CI2 solution on a NaCl plate): 3457 (0-H); 1729 (C=0); 

1256 and 1124 (C-0) cm"'. ' H NMR (CDCI3): 5 1.20-1.42 (m, 22H); 1.41-1.80 (m, 

4H); 2.31-2.43 (t, 2H); 3.40-3.51 (m, 5H); 3.53-3.97 (m, 15H); 4.07-4.24 (m, 4H); 6.89 

(s, 4H). Anal. Calcd. for C33H56O7: C, 66.42; H, 9.46; Found: C, 66.43; H, 9.61. 
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CHAPTER 3 

SYNTHESIS OF DIAZADIBENZO CROWN ETHERS AND LARIAT 

ETHERS WITH NEUTRAL AND PROTON-IONIZABLE SDDE ARMS 

3.1. Introduction 

Crown ethers with only neufral oxygen donor atoms are excellent for binding 

alkali and alkaline earth metal cations, hi order to study the coordination chemistry of 

other metal cations than alkali and alkaline earth metal cations by crown ether type 

compounds, it is necessary to introduce donor atoms other than oxygen atoms into the 

macrocyclic ring. About half of all synthetic macrocyclic multidentate compounds 

contain nifrogen atoms in the macrocyclic ring. These azacrown ethers form stronger 

complexes with the transition metal cations than crown ethers which containing only 

oxygen atoms. In addition, the availability of free secondary amine fimctions in the 

macrocychc ring allows the fiinctionalization of azacrowns by additional ligating centers, 

such as chromogenic and proton-ionizable groups. It also allows the constmction of 

more complicated three-dimensional ligands such as cryptands and cryptahemi-

spherands. The chemistry of diazacrown ethers has been widely reviewed. 

Lariat ethers are compounds which contain a macrocyclic ring to which are 

attached one or more donor group bearing side arms. These side arms contain donor 

groups that may augment cation binding by providing donor sites in addition to those 

found in macrocyclic ring. It was envisioned that the macrocyclic ring would envelop the 

cation in a fashion normally associated with crown ether binding and the donor groups 
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attached to the flexible ami would further solvate the bound cation to form a lariat ether 

complex. The lariat ether concept for a monoaza crown ether platform is illustrated in 

Figure 3.1. 

D 
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Figure 3.1. The Lariat Ether Concept 

Gokel and co-workers began a search for more effective membrane transport 

carriers in the early 1980s and suggested the name lariat ether for these crown ethers after 

the word lasso which was used in the American west to "rope and tie" an animal.'' The 

logical background such as the participation of the side arm in metal ion complexation for 

designing new class of ligands was investigated and proven by kinetic^'^ and 

thermodynamic^'^determinations. It was confirmed that lariat ethers usually have larger 

stability constants compared to crown ethers in metal cation complexation. In addition, 

kinetic studies showed that neutral and proton-ionizable lariat ethers^ follow two 

kinetically distinct steps during complexation, but in different order (Figure 3.2 ). 

Neutral lariat ethers complex a metal cation first and then a conformational change 

moves the side arm into an optimal position to interact with the bound metal cation. On 
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the other hand, the anionic side arm of the proton-ionizable lariat ether and a metal cation 

form an ion-pair complex in a diffusion-controlled process followed by complete 

encapsulation of the cation within the macrocyclic cavity.^ 

/ 

Non proton-ionizable sidearm 

D +Na^ ^ 

CO2' +Na"' 

\ 
Proton-ionizable sidearm 

"0,C 

C02"Na^ ^ ^ ( ^ ^ ^ N a ^ i 

Figure 3.2. Different Steps for Metal Ion Complexation by Neutral and Proton-Ionizable 
Lariat Ethers. 

There are two basic groups of lariat ethers. One of these has a side arm attached 

to a carbon of the polyoxy ring (C-pivot lariat ether) and the second has a side arm 

attached to the nitrogen donor in the macrocyclic ring (N-pivot lariat ether) (Figure 3.3).* 

fri the case of C-pivot lariat ethers, all of the donors are oxygen atoms, while in N-pivot 
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lariat etiiers one or more oxygen atoms are replaced by nitrogen atoms. This stmcttiral 

variation produces a large difference in the properties for those two types of lariat ethers. 

O' 

, 0 

o 
, M e O , _ ^ - ^ 
O ^-^ O 

O 

Figure 3.3. A C-pivot Lariat Ether and a N-pivot Lariat Ether. 

Ffrst of all, carbon is a non-invertible atom so that the stereochemistry of the side arm is 

fixed. Due to this stereochemistry of the side arm, the ring exhibits "sidedness". Thus, 

the cation can approach either from the macroring face that has side arm or from the 

opposite face. 

On the other hand, nitrogen atom is readily invertible. Unlike the C-pivot lariat 

ether, the N-pivot side arm can sweep either face of the macroring. Therefore, N-pivot 

lariat ethers are considered to be inherently more flexible than the C-pivot lariat ethers. 

The invertible nitrogen atom serves as a donor atom within the macroring and as the side 

arm point of attachment. The flexibility and invertibility of nitrogen atom and the 

consequent lack of stereoisomers favored development of N-pivot lariat ethers. " 
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Gokel and co-workers have synthesized mono- and bibrachiral lariat ethers and 

studied the thermodynamics of their cation complexation.'^''^ They found that lariat 

ethers 67 and 68, which have two peptide side arms, showed high Câ "̂  binding constants 

and Câ /̂Nâ "̂  selectivities. Tsukube and co-workers observed that lariat ether 69, which 

has two pyridyl side arms attached to the nitrogen atoms, effectively transports not only 

O O \ / — o o 

R—N N—R 

°W° 

R—N N—R R--N N—R 

R £ 
67 Gly-Gly-OCzHj 68 Gly-Ala-OCjHj 

ô  b —" o o-

R—N N—R 

o o 

R R 
69 CH2-(2-Py) 70 CH(C02-)2 

Figure 3.4. Examples of N-pivot Lariat Ethers 67-70. 
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Na^ and Câ "", but also Cu^^ and Zn^ .̂"* Brucher and co-workers reported that 4,13-

diaza-18-crown-6 70, which has malonate side arms, forms stable complexes with 

alkahne earth metal cation, such as Sr̂ ^ and Ba^ ,̂ lanthanide ions, such as Ce^*, and 

fransition metal cations, such as Cd̂ "*" and Pb "̂̂ .'̂  

A disadvantage of azacrown ethers, when compared with crown ethers, is the fact 

that their nifrogen atoms act as proton acceptors. Since protonation competes with cation 

coordination, the scope of applications in aqueous solution of these compounds is 

normally restricted to high pH values. Their cation affinities are markedly reduced at 

neufral pH due to protonation.'^ The introduction of aniline-type nitrogens into the 

macrocyclic ring should reduce this problem because of a substantial decrease in basicity 

1 7 

of the nifrogen atom. In order to study complexation behavior of nitrogen-containing 

lariat ethers toward fransition metal cations, series of diazadibenzocrown ethers and lariat 

ethers with neutral and proton-ionizable side arms were synthesized. 

3.2. Results and Discussion 

3.2.1. Preparation of Substituted Diazadibenzo Crovm Ethers 

1 Q 

For the synthesis of diazadibenzocrown ethers, a literature procedure was 

modified (Scheme 3.1). 
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78 
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80 
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Scheme 3.1. Preparation ofDiazadibenzocrown Ethers 87-90. 
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Scheme 3.1. (Continued). 
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Treatment of nitrophenols 71 and 72 with dimesylates 73 and 74 in MeCN in the 

presence of CS2CO3 gave compounds 75-77 in 83-88% yields, which are significantly 

higher than the reported yields (70-75%).'^ Compounds 73 and 74 were prepared in 74 

and 84% yields by the reaction of the conesponding diols and MsCl in CH2CI2. The 

synthetic route is shown in scheme 3.2. 

° " OH ^jj^j^j^ OMs OMs 

n 
73 1 
74 2 

Scheme 3.2. Preparation of Dimesylates 73 and 74. 

Catalytic hydrogenation of compounds 75-77 with hydrazine hydrate as the 

hydrogen source and 5% palladium on carbon as catalyst in EtOH gave diamino 

compounds 78-80 fri 80-90%) yields. Cychzation of compounds 78-80 with diacid 

chlorides 81 and 82 in toluene under high dilution conditions gave cyclic diamides 83-86 

in 61-88%) yields. High dilution conditions, i.e.; two reactants were prepared with 0.045 

M concentration and the two solutions were added simultaneously over ten hours via 

syringe pumps into the reaction vessel which contains the vigorously stirred reaction 

solvent, were applied to reduce formation of 2+2 adducts. For these cychzation 

reactions, commercially available oxalyl chloride (81) was used without purification and 
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compound 82 was prepared in 80 % yield by the reaction of the corresponding 

dicarboxylic acid and thionyl chloride in benzene. The cyclic diamides 83-86 were 

reduced with LiAlH4 in THF to give diazadibenzo crown ethers 87-90 in 60-98 % yield. 

Attachment of N-pivot side arms to diazadibenzo crown ethers 87-90 was 

attempted as shown in Scheme 3.3. Thus diazadibenzo crown ethers 87-89 were reacted 

r ^ o ^ ^^„ Eto2c-^r{^o^_ 
NH HN,^ / : : ^ ^2003 / ^ ^ ^ N N 

|| ^ + BrCHzCOjEt " || ^ 

^^O O"^^ CH3CN, reflux \ ; ^ 0 O"'^^"^ 

n m n m yield 
87 1 0 91 1 0 51% 
88 1 1 92 1 1 78% 
89 2 1 93 2 1 60% 

-COzEt 

Scheme 3.3. Preparation ofDiazadibenzocrown Diesters 91-93. 

with BrCH2C02Et in CH3CN in the presence of K2CO3. After two days at reflux, diesters 

91-93 were obtained in 51-78%o yields. 

However, the attempt to attach two N-pivot side anns to compound 90 under the 

same reaction conditions was unsuccessfiil. Only the mono-substittited product 94 was 

obtained in 34 % yield (Scheme 3.4). This resuft was probably due to the steric 

hindrance by the ^er?-butyl groups on the aromatic rings, fri an attempt to find 
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^ O rf o4-i 
I J I J + BrCĤ CÔ Et ^ Y l Y 1 
^ ^ O O^^-^ CH3CN, reflux \ ^ ^ o O " ' ^ ^ 

• ^ O ^ 2 days 

90 

94 (34%) 

Scheme 3.4. Formation ofDiazadibenzocrown Monoester 94. 

reaction conditions for forming the di-substitution reaction, compound 90 was treated 

with BrCH2C02Et in CH3CN in the presence of Et3N as the base. Under these modified 

reaction conditions, the desired disubstituted product 95 was obtained in 38% yield 

(Scheme 3.5). 

^ O ^ E t 0 2 C - x ( ^ ^ 0 - ^ / _ C 0 2 E t 

Y 1 TT + BrCH^CG^Et T T T J 
^ ^ O O ^ ^ ^ CH3CN, reflux \ ^ ^ ^ 0 O ' " ^ ^ 

90 95 (38%) 

Scheme 3.5. Preparation ofDiazadibenzocrown Diester 95. 
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Since the yields of these N-alkylation reactions were relatively low, longer 

reaction times were then utilized. When compounds 87-90 were refluxed for four days 

with BrCH2C02Et in CH3CN in the presence of K2CO3, the diesters 91-93, and 95 were 

obtained in 63%), 78%o, 85%, and 63% yields, respectively. Surprisingly, diester 95 was 

now obtained in 63%) yield with K2CO3 as the base. 

Alkaline hydrolysis of the ester side arms in diesters 91-93, and 95 with KOH in 

aqueous MeOH followed by acidification gave dicarboxyhc acids 96-99 in 54-92% yield 

(Scheme 3.6). It should be noted that neutral carboxyhc acids were obtained at this pH 

rather than hydrochloric acid salts or zwitter ionic species from a-amino acid type 

compounds. 

E t O j C - x ^ O ^ ^ C O ^ E t 

v^ 
R S m 

91 H 1 0 
92 H 1 1 
93 H 2 1 
95 r-butyl 1 1 

KOH 

MeOH-HzO, 70°C 

oyemight 

H 0 2 C - A r V 0 ^ i l ^ C O ^ H 
R ^ ^ ^ N N ^ ^ ^ ^ R 

• - ^ " ^ • 

R n m yield 
96 H 1 0 54% 
97 H 1 1 92% 
98 H 2 1 62% 
99 /-butyl 1 1 75% 

Scheme 3.6. Preparation ofDiazadibenzocrown Diacids 96-99. 
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With tiie objective of preparing lariat ethers with N-(X)sulfonylacetamide side 

arms, a procedure reported C-pivot lariat ether carboxyhc acids was attempted (Scheme 

3.7 ). Dicarboxylic acid 97 was treated with oxalyl chloride in benzene to prepare 

HO2C—^f^ O 
.N N 

^ O O 

97 

CO2H 
oxalyl chloride 

benzene, reflux 
overnight 

CIO2C- O' 
N N 

^ O O' 

-C02C1 

P h 0 2 S H N 0 2 C - ^ f O ] / - C 0 2 N H S 0 2 P h 
.N N . 

^ O O 
o 

101 

NaH 

THF 

O 

O 

100 

Scheme 3.7. Unsuccessful Attempt to Prepare Diazadibenzo-18-Crown-6 Lariat Ether 
101 with Benzenesulfonamide Side Arms. 

diacid chloride that would be used for coupling reaction with the sulfonamide anion. 

This attempt was unsuccessful. Under this reaction condition, only unreacted diacid 97 

was recovered. Several different reaction conditions were attempted, i.e., addition of few 
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drops of DMF as a catalyst, a different solvent (DMF), and a different reactant (thionyl 

chloride). All of these attempts were unsuccessful. 

hi order to avoid this problem in the preparation of the diacid chloride, an 

alternative method was explored (Scheme 3.8) that involved reaction between the 

O o 
/ ^ II NaH / = \ II H II 
^ / - S - N H 2 + CICH2COCI 1^ / j^^_^_^_CH2Cl 
^ ' THT7 \i <Y II T H F 

o o 

100 
102 (5%) 

o Q o 
/ ^ II H II H /r~\ 

o o 

103 (30%) 

Scheme 3.8. Unsuccessfiil Attempt to Prepare N-Acetylbezenesulfonamide. 

diazadibenzocrown ether 88 and ClCH2CONHS02Ph (102). Compound 102 was 

prepared by a modified literature method.'^' When benzenesulfonamide was reacted with 

chloroacetyl chloride in dry benzene in the presence of NaH as a base, the yield of 

desfred product was only 5 %> and the disubstituted compound 103 was obtained in 30%o 
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yield. As an alternative method, which avoided using such strong base as NaH, another 

modified literature method was utilized (Scheme 3.9).̂ ^ Reaction between 

O O 
/ ^ " ^ l l AICI3 / = \ II „ o 
<;^jKS-NH2 + CICH2COCI 1 ^ / JH^_B_^_cH,a 

II nitrobenzene, 80°C ^ ^ || 
overnight 

100 102 (25%) 

Scheme 3.9. Preparation of N-Chloroacetylbenzenesulfonamide 102. 

benzenesulfonamide and chloroacetyl chloride in nitrobenzene in the presence of 

aluminum chloride at 80 "C gave the desired product 102 in 25% yield. When the 

diazadibenzocrown 88 was reacted with compound 102 and K2CO3 in MeCN, the 

reaction was incomplete after seven days at reflux (Scheme 3.10). When the solvent was 

changed to DMF, the reaction was also incomplete after the same time period. It was 

thought that this poor reactivity is probably due to the poor leaving group ability of 

chloride. 

N-Bromoacetyl sulfonamides 107-110 were prepared by the same method'̂ ^ 

utihzed to synthesize compound 102 (Scheme 3.11). It was found that the yield of the 

reaction could be improved by performing this reaction at room temperature. With these 

N-bromoacetyl sulfonamides in hand, the coupling reaction between 1,13-diazadibenzo-
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18-crown-6 (88) and compound 107 was attempted. When compound 88 was reacted 

with compound 107 and K2CO3 in CH3CN, the reaction was incomplete after five days at 

PhQ. 
102, K2CO3 

' 2 S H N 0 2 C ^ ( ' ^ 0 ' ^ ^ C O ; a: r-
88 

reflux. For the next attempt, friethylamine was used as a base rather than K2CO3. 

CH3CN, reflux ^ 

N 

O 

N 

O 

'2NHS02Ph 

^ O ^ 

101 

Scheme 3.10. Unsuccessfiil Atempt to Prepare Diazadibenzo-18-Crown-6 Lariat Ether 
101 withN-(Bezenesulfonyl)carboxamide Side Arms. 

O 
II 

X-S—NH2 + BrCHjCOBr 

O 

X 
100 Ph 
104 4-NO2C6H5 
105 CH3 
106 CF3 

AlClj 

nitrobenzene 

II H II 
X-S—N—C-CH2Br 

O 

X. yield 
107 Ph 83% 
108 4-NO2C6H5 91% 
109 CH3 35% 
110 CF3 12% 

Scheme 3.11. Preparation of N-Bromoacetylsulfonamides 107-110. 

With this base, the desired product was obtained in 25 %) yield after three days at reflux 

(Scheme 3.12). This low yield was due to the formation of salt between compound 107 

and friethylamine. 
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l C ° " ^ ^ Ph02SHN02C-^,^0^ CÔ NHSÔ Ph 
n i N . . ^ IO7.K2CO3 \ / ,^^5v.^N N: . 

^ 
^ ^ CH3CN, reflux ^ \ ^ ^ ^ ^ O O ^ ^ 

88 

5 days " ^ 0 ^ 

101 

O' 
NH HN 

P h 0 2 S H N 0 2 C ^ ^ O ^ ^ C 0 2 N H S 0 2 P h 
107, Et3N ^ ^ i ^ N N . 

9 9 CH3CN, reflux ^ ^ " O O 

^ ° ^ 3 days ' ^ ^ O ^ 

88 

101 (25%) 

Scheme 3.12. Preparation of Diazadibenzo Lariat Ether 101. 

When friethylamine or K2CO3 were used as the base, salts were formed with 

compound 107 which precipitated from the reaction solution. In order to avoid this 

problem, the reaction was run without base. When compound 88 was reacted with 

compound 107 in CH3CN in the absence of base, the desired product was obtained after 

five days at reflux. Under this reaction condition, both monosubstituted product and 

disubtituted products were obtained (Scheme 3.13). The ratio of di- and monosubstituted 

product was affected by the ratio of reactants. When the ratios of compound 88 to 107 

were 1:2, 1:4, and 1:10, the ratios of di- to monosubstituted product was approximately 
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l C ° ' ^ ^ PhO,SHNO,C-^r^O^^CO,NHSO,Ph 

o o 

107 ^ ^ v - N N 

CH3CN, reflux ^ - ^ O Q-
. 0 

88 

101 (60%) 

NH N 

g Q-
o 

111 (13%) 

-COjNHSOjPh 

Scheme 3.13. Preparation of Mono- and Di-substituted Diazadibenzocrown Ethers 101 
and 111, Respectively. 

2:1, 3.5:1, and 4:1, respectively. Based upon these results, the coupling reactions 

between compounds 87-90(1 eq) and compounds 107-110 (4 eq) were performed in the 

CH3CN without base. The reaction between compound 88 and compound 107 gave a 

mixture of di- and monosubstituted products in 60% and 17%) yields, respectively 

(Scheme 3.14). The reaction between compound 88 and compound 109 gave only 

disubstituted products in 20%) yield. The reaction between compound 88 and compound 

108 gave only disubstituted product in 37 % yield. However, the reaction between 

compounds 88 and 110 was unsuccessful. After five days of reflux, only starting 

materials were recovered. For reactions between compound 89 and compounds 107-109, 
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similar results were obtained. Reaction between compounds 89 and 107 gave a mixttire 

of di- and monosubstituted products in 62 % and 15 % yields, respectively. Reaction 

between compound 89 and compounds 108 and 109 gave only disubstittited product in 48 

% and 55 % yields, respectively. However, the reaction between compound 89 and 

compound 110 was unsuccessful. Reactions of compounds 87 and 90 with compounds 

108-110 were of very limited success. Only compound 107 gave the mixture of di- and 

monosubstituted products in 53 %o, 14 % and 13 %, 42% respectively. 

3.2.2. Evaluation ofDiazadibenzocrown Ethers as Pb̂ "*" Extractants and 
Carriers in Plasticized Cellulose Triacetate Membranes^^ 

The complexation behavior of ligands 87, 88, 90, and 92 was evaluated by Dr. 

Josephina de Gyves and her coworker Julio Aguilar at Universidad Nacional Autonoma 

de Mexico. For ligands 87, 88, 90, and 92, the effectiveness of solvent extraction of Pb 

from aqueous solution into toluene was assessed. In addition, ion fransport experiment 

across plasticized cellulose triacetate membrane was performed with 90 and 92 as 

carriers. Ligands 87, 88, 90, and 92 are neutral extracting agents. 

For extraction of a metal ion from an aqueous phase into an organic phase of low 

polarity, concomitant fransfer of an aqueous phase anion is required. The hydrophobic, 

bulky picrate anion has been used widely to compare the solvent extraction efficiencies 

and selectivities of macrocyclic multidentate compounds. The abilities of hgands 87, 

88, 90, and 92 to extract Pb̂ "̂  from aqueous picrate solution into toluene were evaluated. 
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Scheme 3.14. Preparation of Mono- and Disubstituted Diazadibenzo Lariat Ethers 101, 
and 111-121. 

The influence of pH on the extraction of Pb from 0.01 mM aqueous solutions 

containing 10 mM picric acid and 100 mM NaCl into toluene by diazadibenzocrown 

ethers 87, 88, 90, and 92 was compared with that for dibenzo-18-crown-6, which has only 

oxygen donor atoms. Ligands 88, 90, and 92 with an 18-crown-6 ring size exhibited 
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enhanced abilities for Pb'^ extraction compared with dibenzo-18-crown-6. Compared 

with ligands 88, 90, and 92, the 15-crown-5 ring compound 87 was appreciably less 

efficient in Pb^^ extraction. This is consistent with the fact that a 15-crown-5 

macrocyclic ring is too small to form a stable complex with Pb^^ More efficient Pb^^ 

extraction by hgands 92 than 90 was attributed to a greater lipophilicity of the former. 

Macrocycle 92 exhibited the highest extraction efficiency for Pb^^ for the series of 

ligands 87, 88, 90, and 92. This is attributed to its lower basicity and a greater number of 

potential donor atoms. Solvent extractions of Cd^^ and Zn^^ were performed under the 

same experimental conditions. No extraction of these metal ion species was observed 

with any of the four diazadibenzocrown ether compounds. 

Based upon their performance in the solvent extraction studies, hgands 90 and 92 

were selected for evaluation as carriers for Pb̂ "*" transport across plasticized cellulose 

tiiacetate membranes. Carriers 90 and 92 in the plasticized cellulose ttiacetate 

membranes were found to selectively fransport Pb̂ "̂  in the presence of Cd̂ "̂  and Zn̂ "̂ . 

The separation factor was 1660 for Pb̂ "̂  over Cd̂ "̂ . In terms of stability, no loss of carrier 

90 from the plasticized membranes was observed. However, for carrier 92, which is less 

hydrophobic, some reduction in permeabihty was noted when the membrane was used 

repeatedly. 

3.3. Chapter Summary 

In order to study complexation behavior of nitrogen containing macrocyclic ligands 

toward transition metal cations, series of diazadibenzocrown ethers (87-90), and 
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diazadibenzo lariat ethers with neutral side arms (91-93, and 95) and proton-ionizable 

side arms (96-99,112-119) were synthesized. Solvent extraction and membrane 

fransport studies were performed with ligands 87, 88, 90, and 92 and showed that ligands 

90 and 92 selectively form complexes with Pb^^ in the presence of Cd^^ and Zn^"-

3.4. Experimental Procedures 

3.4.1. Sources of Reagents 

Unless otherwise specified, reagent grade starting materials and solvents were 

used as received. 

3.4.2. Purification of Reagents 

Tefrahydrofuran (THF) was dried over sodium with benzophenone as an indicator 

and distilled immediately before use. Benzene and acetonitrile were stored over 4 A 

molecular sieves. 

3.4.3. General 

Melting points were determined with a Mel-Temp (capillary tube) meltuig point 

apparatus. Infrared (IR) specfra were recorded with a Perkin-Ehner Model 1600 FT-IR 

spectrometer on NaCl plates (fihn deposited from CH2CI2 solution) and are reported in 

wavenumbers (cm"'). ' H NMR spectra were recorded with an IBM AF 200 MHz 

spectrometer with CDCI3 as the solvent, unless otherwise specified. The ' H NMR 

chemical shifts (5) are reported in parts per million (ppm) downfield from 
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teframethylsilane (TMS). Splitting patterns in NMR specfra are identified as: s, singlet; 

d, doublet; dd, doublet of doublets; t, triplet; q, quartet; br s, broad singlet; and m, 

muftiplet. Elemental analysis was performed by Desert Analytics Laboratory of Tucson, 

Arizona. 

3.4,4. Preparation of Diazadibenzo Crown Ethers and Lariat Ethers 

3.4.3.1. Preparation of Bis(2-mesyloxyethyl) Ether (73) 

Dietiiylene glycol (30.19 g, 280 mmol) and EtsN (65.34 g, 650 mmol) were 

dissolved in CH2CI2 (500 mL) and cooled to 0 °C in an ice-water bath. MsCl (69.56 g, 

600 mmol) was added dropwise over a 1-h period. The reaction mixttire was stirred 

overnight at room temperature and the solvent was evaporated in vacuo. The residue was 

dissolved in CH2CI2 (200 ml) and the solution was washed with 5 % aqueous HCl (3 X 

100 ml) and distilled water (3 X 100 ml). The organic layer was dried over MgS04 and 

the solvent was evaporated in vacuo to give a white solid. After recrystallization from 

MeOH, 54.09 g (74 %) of whfte crystalline sohd was obtained with mp 41-44 °C (ht.̂ ^ 

mp 43-45 °C). IR (KBr pellet): 1348 and 1172 (S=0) cm"'. ' H NMR (CDCI3): 6 3.08 (s, 

6H), 3.78-3.82 (m, 4H), 4.36-4.40 (m, 4H) 

3.4.3.2. Preparation of l,8-Dimesyloxy-3,6-dioxaoctane (74) 

By the same procedure used for preparation of compound 73, a solution of 

triethylene glycol (14.71 g, 98.0 mmol) and Et3N (23.23 g, 230 mmol) ui CH2CI2 (200 

mL) was reacted with MsCl (23.78 g, 208 mmol) to give 25.15 g (84 %) of a coloriess 
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oil. IR (deposft on a NaCl plate from CH2CI2 solution): 1348 and 1172 (S=0) cm"'. ' H 

NMR (CDCI3): 6 3.08 (s, 6H), 3.66 (s, 4H), 3.75-3.79 (m, 4H), 4.36-4.40 (m, 4H) 

3.4.3.3. Preparation of 4-fer^Butyl-2-nitrophenol (72i 

For the preparation of 4-fert-butyl-2-nitrophenol, a reported method was 

utilized. To a solution of 4-/er^butylphenol (16.15 g, 108 mmol) in glacial acetic acid 

(160 ml) was added 80 ml of 2 N HNO3 (aq) dropwise over a 1-h period. The reaction 

mixttire was stirred for 2 h at room temperature and then poured into 1.5 L of 2 N NaOH 

(aq). Then solid NaOH (25.04 g) was added and the mixture was stirred for an hour. 

The suspension was filtered and the solid was set aside. The filtrate was heated to 60 °C 

for 30 minutes and then filtered again. The cherry red solution was concentrated by 

heating overnight at 88 °C to obtain a third batch of solid after filtration. The recovered 

solids were combined and partitioned between CH2CI2 (200 mL) and 200 ml of 3 N HCl 

(aq). The organic layer was set aside and the aqueous phase was extracted with CH2CI2 

(3 X 200 mL). The organic extracts were combined, dried over MgS04, and evaporated 

in vacuo to leave a dark brown oil. The oil was steam distilled and the yellow distillate 

was extracted with CH2CI2 until the extract was colorless. After removing the solvent in 

vacuo and vacuum distiUation, 13.69 g (65%) of a bright yellow oil were obtafried with 

bp 108-110 °C (g 1 torr (Ift.^^bp 72-78 °C @ 0.10 torr). IR (deposft on a NaCl plate 

from CH2CI2 solution): 3250 (0-H); 1629 (C-0); 1536 and 1320 (NO2) cm"'. ' H NMR 

(CDCI3): 6 1.33 (s, 9H), 7.07-7.12 (d, IH), 7.62-7.67 (dd, IH), 8.06-8.07 (d, IH), 10.48 

(s, IH). 
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3.4.3.4. Preparation of l,5-Bis(2-nitrophenoxy)-3-oxapentane (75) 

A mixture of 2-nitrophenol (9.09 g, 65 mmol), CS2CO3 (22.50 g, 69 mmol) and 

MeCN (300 mL) was refluxed for 1 h. A solution of bis(2-mesyloxyethyl) ether (73, 8.66 

g, 33 mmol) in MeCN (50 mL) was added over a 4-h period and the mixture was refluxed 

overnight. The mixture was filtered and the solvent was evaporated in vacuo. The 

residue was dissolved in CH2CI2 (200 mL). The solution was washed with 5%) aqueous 

NaOH (3 X 300 ml) and distilled water (3 x 200 mL), dried over MgS04, and evaporated 

in vacuo. The residue was recrystaUized from MeOH to give 9.53 g (84%o) of white solid 

witii mp 67-68 °C (ht" mp 68-69°C). IR (deposft on a NaCl plate from CH2CI2 solution): 

1523, 1355 (NO2); 1278, 1134 (C-0) cm"'. ' H NMR (CDCI3): 5 3.99-4.03 (m, 4H), 4.26-

4.30 (m, 4H), 6.98-7.13 (m, 4H), 7.46-7.56 (m, 2H), 7.79-7.85 (m, 2H). 

3.4.3.5. Preparation of 1.8-Bis(2-nitrophenoxy)-3.6-dioxaoctane (76) 

By the procedure used for preparation of compound 75, a mixture of 2-

nifrophenol (22.38 g, 161 mmol), CS2CO3 (56.10 g, 172 mmol) and MeCN (600 mL) was 

reacted with a solution of l,8-dfrnesyloxy-3,6-dioxaoctane (74, 24.41 g, 797 mmol) ui 

MeCN (100 mL to give 25.90 g (83%) of white solid with mp 58-60 °C (Ift.̂ ^ 63 °C). IR 

(deposft on a NaCl plate from CH2CI2 solution): 1522, 1354 (NO2); 1278, 1134 (C-0) 

cm"'. 'H NMR (CDCI3): § 3.76 (s, 4H), 3.89-3.94 (t, 4H), 4.24-4.29 (t, 4H), 6.97-7.13 

(m, 4H), 7.46-7.56 (m, 2H), 7.79-7.84 (dd, 2H). 
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3.4.3.6. Preparation of L5-Bis(4-^er^butyl-2-nitrophenoxvV 
3-oxapentane (77) 

By tiie procedure used for preparation of compound 75, a mixture of 4-tert-hutyl-

2-nifrophenol (72, 21.72 g, 111 mmol), CS2CO3 (44.66 g, 137 mmol) and MeCN (600 

mL) was reacted with a solution of bis(2-mesyloxyethyl) ether (73,17.54 g, 67 mmol) in 

MeCN (120 mL). The residual dark yellow oil was chromatographed on alumina with 

EtOAc-hexanes (1:2) as eluent to provide 22.53 g (88%) of a viscous bright yellow oil. 

IR (deposft on a NaCl plate from CH2CI2 solution): 1530, 1358 (NO2); 1270, 1135 (C-0) 

cm"'. 'H NMR (CDCI3): 5 1.31 (s, 18H), 3.97-4.02 (m, 4H), 4.24-4.28 (m, 4H), 7.05 (d, 

2H), 7.52 (d of d, 2H), 7.82 (d, 2H). Anal. Calc. for C24H32N2O7: C, 62.59; H, 7.00; N, 

6.08. Found: C, 62.43; H, 6.95; N, 6.18. 

3.4.4.7. Preparation of l,5-Bis(2-aminophenoxy)-3-oxapentane (78) 

To a solution of 75 (16.00 g, 46.0 mmol) in hot EtOH (500 mL), 5% Pd/C (3.00 

g) was added carefully. Under reflux, hydrazine hydrate (85% w/w, 40 mL) was added 

dropwise over a 3-h period and the mixture was refluxed for 48h. The mixture was 

filtered while hot and the filtrate was evaporated in vacuo. The residue was dissolved in 

CH2CI2 (200 mL). The solution was washed with 5% aqueous NaOH (3 X 200 mL) and 

distilled water (3 X 200 mL), dried over MgS04, and evaporated in vacuo. The residue 

was chromatographed on alumina with Et20 as eluent to give 11.69 g (88%)) of a white 

sohd with mp 64-65°C (lit̂ ^ mp 63-65°C). IR (deposft on a NaCl plate from CH2CI2 

solution): 3468, 3378 (NH2); 1216, 1138 (C-0) cm"'. ' H N M R (CDCI3): 5 3.83-3.91 (m. 
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8H), 4.14-4.19 (q, 4H), 6.64-6.85 (m, 8H). Anal. Calc. for C16H20N2O3: C, 71.96; H, 

9.09; N, 6.99. Found: C, 72.01; H, 9.08; N, 7.14. 

3.4.4.8. Preparation of l,8-Bis(2-aminophenoxy)-3,6-dioxaoctane (79) 

By the procedure used for preparation of compound 78, a solution of 76(17.51 g, 

45.0 mmol) in hot EtOH (500 mL), 5% Pd/C (3.00 g) was reacted with hydrazine hydrate 

(85% w/w, 46 mL). The residue was recrystaUized from MeOH to give 11.62 g (80%) of 

a white solid with mp 50-51 °C (Ift.̂ * 53 °C). IR (deposft on a NaCl plate from CH2CI2 

solution): 3452 and 3356 (N-H); 1128, 1053 (C-0) cm"'. ' H N M R (CDCI3): 6 3.74 (s, 

4H), 3.83-3.88 (q, 8H), 4.12-4.17 (q, 4H), 6.64-6.84 (m, 8H). 

3.4.4.9. Preparation of l,5-Bis(4-fer^butyl-2-amfrlophenoxv)-
3-oxapentane (80) 

By the procedure used for preparation of compound 78, a solution of 77 (4.21 g, 

9.14 mmol) in hot EtOH (200 mL), 5% Pd/C (0.70 g) was reacted with hydrazine hydrate 

(85% w/w, 11 mL) to give 3.30 g (90%) of a whfte sohd with mp 116 °C. IR (deposft on 

a NaCl plate fromCH2Cl2 solution): 3405, 3358 (NH2); 1219,1128 (C-0) cm"'. ' H N M R 

(CDCI3): 5 1.26 (s, 18H), 3.84-3.91 (m, 8H), 4.13-4.17(m, 4H), 6.71-6.77 (m, 6H). Anal. 

Calc. for C24H36N2O3: C, 71.96; H, 9.09; N, 6.98. Found: C, 72.25; H, 9.16; N, 6.95. 
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3.4.4.10. Preparation of Diglvcolvl Chloride (82i 

To a solution of diglycolic acid (10.0 g, 74.6 mmol) in dry benzene (100 ml) was 

added thionyl chloride (24.5 g, 206 mmol) and a few drops of DMF. The reaction 

mixture was refluxed overnight under dry nifrogen and the solvent was removed in 

vacuo. The oily residue was vacuum distilled to give 10.2 g (80%) of a coloriess hquid 

withbp 68-70 °C @ 1 torr (Ift.̂ ^ 56-57 @ 5 mm). IR (neat): 1801 (C=0); 1154 (C-0) 

cm"'. ' H NMR (CDCI3): 5 4.59 (s, 4H). 

3.4.4.11. Preparation of Diazadibenzo-15-crovyn-5 Diamide 83 

Solutions of 78 (8.66 g, 30.0 mmol) and Et3N (6.53 g, 65.0 mmol) in toluene (240 

mL) and oxalyl chloride (39.1 g, 31.0 nunol) in toluene (240 mL) were prepared. Under 

nifrogen, the two solutions were added simultaneously with two syringe pumps over a 6-h 

period to 750 mL of vigorously stirred toluene at room temperature. After the addition 

was completed, stirring was continued overnight and the mixture was evaporated in 

vacuo. The residue was dissolved in CH2CI2 (250 mL) and the solution was washed with 

5% aq HCl (2 X 200 mL), 5% HCl (2 X 200 mL), and distilled water (3 X 200 mL), dried 

over Mg2S04, and evaporated in vacuo. The residue was chromatographed on alumina 

with CH2Cl2-EtOAc (20:1) as eluent to give 6.30 g (61% yield) of white sohd witii mp 

175-176 °C (lit^° mp 173-175 °C). IR (deposft on a NaCl plate from CH2CI2 solution): 

3238 (NH2); 1676 (C-0); 1258, 1116 (C-0) cm"'. ' H NMR (CDCI3): 5 3.67-3.70 (m, 

4H), 4.22-4.26 (m, 4H), 7.02-7.22 (m, 6H), 7.72-7.76 (d, 2H), 9.05 (s, 2H). Anal. Calc. 

for C18H18N2O5: C, 63.15; H, 5.30; N, 8.18. Found: C, 62.89; H, 5.33; N, 8.18. 
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3.4.4.12. Preparation of Diazadibenzo-18-crown-6 Diamide 84 

By the procedure used for preparation of compound 83, solutions of 78 (8.71 g, 

30.0 mmol) and EtsN (6.53 g, 65.0 mmol) in toluene (240 mL) and 82 (39.1 g, 31.0 

mmol) in toluene (240 mL) were reacted. The residue was recrystaUized from toluene to 

give 10.26 g (88%o) of white sohd with mp 186-188 °C (lit^° mp 171-174 °C). IR (deposft 

on a NaCl plate from CH2CI2 solution): 3398 (NH); 1697 (C=0); 1255, 1118 (C-0) cm"'. 

' H NMR (CDCI3): 6 3.84-3.88 (m, 4H), 4.22-4.28 (m, 8H), 6.85-7.12 (m, 6H), 8.24-8.29 

(d of d, 2H), 8.75 (br s, 2H). Anal. Calc. for C20H22N2O6: C, 59.70; H, 5.51; N, 6.96. 

Found: C, 59.82; H, 5.60; N, 6.90. 

3.4.4.13. Preparation of Diazadibenzo-21-crown-7 Diamide 85 

By the procedure used for preparation of compound 83, solutions of 79 (7.65 g, 

23.0 mmol) and Et3N (5.81 g, 57.0 mmol) in toluene (240 mL) and 82 (4.02 g, 24.0 

mmol) in toluene (240 mL) were reacted. The residue was recrystaUized from toluene to 

give 8.38 g (85%) of white sohd with mp 125-127 °C. IR. (deposft on a NaCl plate from 

CH2CI2 solution): 3387 (N-H); 1690 (C=0); 1115, 1043 (C-0) cm"'. ' H NMR (CDCI3): 

5 3.68 (s, 4 H), 3.76-3.79 (m, 4H), 4.16-4.23 (m, 4H), 4.29 (s, 4H), 6.93-7.08 (m, 6H), 

8.30-8.35 (d of d, 2H), 9.06 (br s, 2H). Anal. Calc. for C22H26N2O7: C, 61.39; H, 6.09; N, 

6.51. Found: C, 61.39; H, 6.14; N, 6.51. 
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3.4.4.14. Preparation of Diazadi(fer^butylbenzo)-18-crown-6 Diamide 86 

By the procedure used for preparation of compound 83, solutions of 80 (7.95 g, 

19.8 mmol) and Et3N (4.70 g, 47.3 mmol) in 240 mL of toluene/dichloromethane (90/10) 

and 82 (4.02 g, 24.0 mmol) in toluene (240 mL) were reacted. The residue was 

recrystaUized from toluene to give 6.24 g (63%) of white sohd with mp 196-197 °C. IR 

(deposft on a NaCl plate from CH2CI2 solution): 3394 (NH); 1689 (C=0); 1261, 1138 (C-

O) cm"'. 'HNMR (CDCI3): 5 1.27 (s, 18H), 3.81-3.85 (m, 4H), 4.19-4.23 (m, 4H), 6.78-

6.82 (d, 2H), 7.06-7.11 (d of d, 2H), 8.36-8.37 (d, 2H), 8.75 (s, 2H). Anal. Calc. for 

C28H38N2O6: C, 67.45; H, 7.68; N, 5.62 . Found: C, 67.67; H, 7.72; N, 5.62. 

3.4.4.15. Preparationof l.IO-Diazadibenzo-15-crown-5 (87) 

To a stirred suspension of LiAlH4 (1.72 g, 45 mmol) in THF (170 mL) under 

nifrogen, diamide 83 (4.01 g, 12 mmol) was added in portions during a 30-min period. 

The mixttire was refluxed overnight and 10% aq NaOH (2 ml) was added. The mixture 

was filtered and the filfrate was set aside. The filter cake was refluxed with THF (150 

ml) for 2 h and fiftered. The two filfrates were combfried and evaporated in vacuo. The 

residue was chromatographed on alumfria with CH2Cl2-EtOAc (20:1) as eluent to give 

2.26 g (60%) of white solid with mp 155-156 °C (ht'° mp 161-162.5 °C). IR (deposft on 

a NaCl plate from CH2CI2 solution): 3380 (N-H); 1254,1129 (C-0) cm"'. ' H NMR 

(CDCI3): 5 3.42 (s, 2H), 3.77-4.20 (m, 8H), 4.78 (s, 2H), 6.60-6.92 (m, 8H). 

90 



3.4.4.16. Preparation of 1,13-Diazadibenzo-18-crown-6 (88) 

By the procedure used for preparation of compound 87, diamide 84 (2.68 g, 6.73 

mmol) was reacted with LiAlH4 (1.28 g, 45.0 mmol) in THF (150 ml). The residue was 

recrystaUized from toluene to give 2.79 g (98%) of whfte solid with mp 203-204 °C (ht^° 

mp 203-204 °C). IR (deposit on a NaCl plate from CH2CI2 solution): 3315 (NH); 1246, 

1122 (C-0) cm"'. ' H NMR (CDCI3): S 3.31 (s, 2H), 3.77-3.81 (t, 4H), 3.91-3.94 (q, 4H), 

4.16-4.19 (q, 4H), 4.74 (s, 2H), 6.58-6.91 (m, 8H). 

3.4.4.17. Preparation of l,16-Diazadibenzo-21-crown-7 (89) 

By the procedure used for preparation of compound 87, diamide 85 (4.00 g, 9.30 

mmol) was reacted with LiAUij (2.41 g, 64.0 mmol) in THF (140 mL). The residue was 

purified by column chromatography on alumina with EtOAc:hexane (2.:3) to give 2.62 g 

(70%o) of white sohd with mp 76.5-77.5 °C. IR (deposft on a NaCl plate from CH2CI2 

solution): 3315 (N-H); 1246, 1122 (C-0) cm"'. ' H N M R (CDCI3): 5 3.31 (s, 2H), 3.77-

3.81 (t, 4H), 3.91-3.94 (q, 4H), 4.16-4.19 (q, 4H), 4.74 (s, 2H), 6.58-6.91 (m, 8H). 

3.4.4.18. Preparation of 1.13-Diazadi(fer^butylbenzo)-18-crown-6 (90) 

By the procedure utihzed for preparation of compound 87, diamide 86 (4.00 g, 

8.00 mmol) was reacted with LiAlH4 (2.10 g, 56.0 mmol) in THF (120 mL). The residue 

was recrystaUized from hexane/CH2Cl2 to provide 3.02 g (80%) of white solid with mp 

187-188 °C. IR (deposft on aNaCl plate from CH2CI2 solution): 3414 (NH); 1247,1157 

(C-0) cm"'. 'H NMR (CDCI3): 5 1.29 (s, 18H), 3.34 (s, 4H), 3.78-3.82 (t, 4H), 4.69 (br s, 
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2H), 6.63-6.65 (t, 6H). Anal.calc. for C28H42N2O4: C, 71.45; H, 9.00; N, 5.95. Found: C, 

71.46; H, 9.08; N, 5.93. 

3.4.4.19. Preparationof 1, 10-Diazadibenzo-15-crown-5 Diester 91 

To a refluxing mixttire of 87 (0.68 g, 2.23 mmol) and K2CO3 (6.15 g, 44.5 mmol) 

in MeCN (50 mL), ethyl bromoacetate (3.72 g, 22.3 mmol) was added and refluxing was 

continued for 4 days. The mixture was filtered and the filfrate was evaporated in vacuo. 

The residue was purified by column chromatography on alumina with CH2CI2 then 

CH2Cl2:EtOAc (30:1) as eluents to provide 0.66 g (63%) of a colorless oil. IR (deposft 

on a NaCl plate from CH2CI2 solution): 1739 (C=0); 1246, 1181 (C-0) cm"'. ' H NMR 

(CDCI3): 5 1.13-1.20 (t, 6H), 3.52 (s, 4H), 3.90-3.95 (m, 4H), 3.98-4.07 (m, 8H), 4.13-

4.17 (m, 4H), 6.82-6.93 (m, 6H), 7.03-7.09 (m, 2H). Anal. Calc. for C26H34N2O7: C, 

64.20; H, 7.05; N, 5.76. Found: C, 63.90; H, 7.24; N, 5.78. 

3.4.4.20. Preparation of 1,13-Diazadibenzo-18-crown-6 Diester 92 

By the procedure used for preparation of compound 91, a mixture of 88 (3.02 g, 

7.8 mmol) and K2CO3 (10.18 g, 74.0 mmol) in MeCN (150 mL), was reacted with ethyl 

bromoacetate (12.05 g, 72.0 mmol). The residue was purified by chromatography on 

alumina with CH2Cl2:EtOAc (10:1) then CH2Cl2:EtOAc (2:1) as eluents to give abrown 

oil. The oily residue was crystallized from EtOH to provide 2.92 g (78%)) of white 

crystals with mp 87-88 °C. IR (deposft on a NaCl plate from CH2CI2 solution): 1738 

(C=0); 1243, I12I (C-O) cm"'. ' H N M R (CDCI3): 5 1.12-1.20 (t, 6H), 3.49-3.54 (t, 4H), 
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3.66-3.71 (t, 4H), 3.93-3.98 (q, 4H), 4.00-4.10 (q, 4H), 4.15-4.20 (q, 4H), 4.27 (s, 4H), 

6.80-7.02 (m, 8H). Anal. Calc. for C28H38N2O8: C, 63.38; H, 7.22; N, 5.28 . Found: C, 

63.03; H, 7.23; N, 5.27. 

3.4.4.21, Preparation of 1.16-Diazadibenzo-21-crown-7 Diester 93 

By the procedure used for preparation of compound 91, a mixture of 89 (0.70 g 

1.74 mmol) and K2CO3 (2.40 g, 17.4 mmol) in MeCN (50 mL) was reacted with ethyl 

bromoacetate (1.90 ml, 17.4 mmol). The residue was chromatographed on silica gel with 

CH2CI2: MeOH (30:1) as eluent to give abrown oil. The oily residue was crystaUized 

from EtOH to provide 0.85 g (85%) of white sohd with mp 68-70 °C. IR (deposft on a 

NaCl plate from CH2CI2 solution): 1739 (C=0); 1242, 1182 (C-0) cm"'. ' H NMR 

(CDCI3): 5 1.17-1.22 (t, 6H), 3.47-3.50 (t, 4H), 3.64-3.67 (t, 4H), 3.76 (s, 4H), 3.88-3.91 

(q, 4H), 4.05-4.10 (q, 4H), 4.13-4.16 (q, 4H), 4.19 (s, 4H), 6.79-7.91 (m, 6H), 6.94-6.97 

(m, 2H). Anal. Calc. for C30H42N2O9: C, 62.72; H, 7.34; N, 4.88. Found: C, 62.74; H, 

7.25; N, 4.88. 

3.4.4.22. Preparation of l,13-Diazadi(fer^butylbenzo)-18-crown-6 Diester 95 

By the procedure used for preparation of compound 91, except with a reaction 

period of 7 days at reflux, a mixture of 90 (1.00 g 2.12 mmol) and K2CO3 (3.00 g, 21.2 

mmol) in MeCN (50 mL) was reacted with ethyl bromoacetate (2.40 ml, 21.2 mmol). 

The residue was chromatographed on alumina with CH2Cl2then CH2CI2: EtOAc (5:1) as 

eluents to give a brown oil. The oily residue was crystallized from EtOH to provide 0.86 
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g (63%) of whfte solid with mp 84-85 °C. IR (deposit on a NaCl plate from CH2CI2 

solution): 1742 (C=0); 1245, 1180 (C-0) cm"'. ' H NMR (CDCI3): 5 1.15-1.18 (t, 6H), 

1.23 (s, I8H), 3.49-3.53 (t, 4H), 3.67-3.71 (t, 4H), 3.91-3.94 (q, 4H), 4.03-4.10 (q, 4H), 

4.13-4.16 (q, 4H), 4.18 (s, 4H), 6.71-6.74 (d, 2H), 6.87-6.91 (dd, 2H), 6.99-7.00 (d, 2H). 

Anal. Calc. for C36H54N2O8: C, 67.26; H, 8.47; N, 4.36. Found: C, 67.03; H, 8.39; N, 

4.32. 

3.4.4.23. Preparation of 1,10-Diazadibenzo-15-crown-5 Diacetic 
Acid 96 

To a solution of compound 91 (0.42 g, 0.86 mmol) in 20 mL of 50%o aqueous 

EtOH was added KOH (0.30 g, 5.20 mmol) and the reaction mixture was heated at 70 °C 

overnight. The mixture was cooled to room temperature and the EtOH was evaporated in 

vacuo. The basic aqueous solution was acidified with 5 %> HCl (aq) to pH = 5 and the 

aqueous phase was extracted with CH2CI2 (3 X 50 mL). The organic layers were 

combined, dried over MgS04, and was evaporated in vacuo to give 0.20 g (54 %) of 

yellowish foamy solid. IR (deposft on a NaCl plate from CH2CI2 solution): 3650-2400 

(0-H), 1731 (C=0); 1248, 1140 (C-0) cm"'. ' H NMR (CDCI3): 5 3.26 (s, 4H), 3.47 (s, 

4H), 3.82-3.85 (m, 4H), 4.28-4.30 (m, 4H), 6.89-6.94 (m, 4H), 7.03-7.26 (m, 4H). Anal. 

Calc. for C22H26N2O7: C, 61.39; H, 6.09; N, 6.51. Found: C, 61.17; H, 6.28; N, 6.26. 
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3.4.4.24. Preparation of 1.13-Diazadibenzo-18-crown-6 Diacetic Acid 97 

By the procedure used for preparation of compound 96, reaction of compound 92 

(1.00 g, 1.88 mmol) in 40 mL of 50% aqueous EtOH with KOH (0.63 g, 11.3 mmol) 

gave 0.82 g (92 %) of yellowish foamy solid. IR (deposit on a NaCl plate from CH2CI2 

solution): 3650-2400 (0-H); 1738 (C=0); 1243, 1121 (C-0) cm"'. ' H N M R (CDCI3): 5 

3.36-3.39 (t, 4H), 3.49-3.52 (t, 4H), 3.72 (s, 4H), 3.91-3.93 (m, 4H), 4.15-4.18 (m, 4H), 

6.85-6.90 (m, 4H) 7.02-7.04 (m, 4H). Anal. Calc. for C24H3oN208-0.2 CH2CI2: C, 59.14; 

H, 6.23; N, 5.70. Found: C, 59.14; H, 5.93; N, 5.75. 

3.4.4.25. Preparation of 1,16-Diazadibenzo-21-crown-7 Diacetic Acid 98 

By the procedure used to prepare compound 96, reaction of compound 93 (0.90 g, 

1.59 mmol) in 40 mL of 50%) aqueous EtOH with KOH (0.60 g, 11.0 mmol gave 0.50 g 

(62 %)) of yellowish foamy sohd. IR (deposit on a NaCl plate from CH2CI2 solution): 

3650-2400 (O-H); 1751 (C=0); 1243, 1113 (C-0) cm"'. ' H NMR (CDCI3): 5 3.31-3.34 

(t, 4H),3.50-3.53 (t, 4H), 3.77 (s, 4H), 3.79 (s, 4H), 3.85-3.87 (m, 4H), 4.13-4.15 (m, 4H), 

6.85-6.90 (m, 4H), 7.00-7.06 (m, 4H). Anal. Calc. for C26H34N2O9: C, 60.22; H, 6.61; N, 

5.40. Found: C, 60.04; H, 6.85; N, 5.83. 

3.4.4.26. Preparation of 1.13-Diazadi(ferr-butylbenzo)-18-crown-6 
Diacetic Acid 99 

By the procedure given forpreparation of compound 96, reaction of compound 95 

(0.90 g, 1.59 mmol) in 40 mL of 50% aqueous EtOH with KOH (0.60 g, 11.0 mmol) 
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gave 0.50 g (75 %) of yellowish foamy sohd. IR (deposft on a NaCl plate from CH2CI2 

solution): 3650-2400 (O-H); 1738 (C=0); 1243, 1121 (C-0) cm"'. ' H NMR (CDCI3): 

5 1.27 (s, 18H), 3.35-3.38 (t, 4H), 3.48-3.51 (t, 4H), 3.66 (s, 4H), 3.89-3.91 (q, 4H), 4.10-

4.17 (q, 4H), 6.79-6.81 (d, 2H), 7.05-7.11 (m, 2H). 

3.4.4.27. Preparation of N-Bromoacetyl Benzenesulfonamide (107i 

To a solution of bromoacetyl bromide (2.8 ml, 31.8 mmol) in 150 ml of 

nifrobenzene was added anhydrous aluminum chloride (4.33 g, 32.5 mmol). The 

heterogeneous mixture was stirred until a clear solution of bromoacetyl bromide-

aluminum chloride complex formed, and then benzenesulfonamide (5.00 g, 31.8 mmol) 

was added. The reaction mixture was stirred at room temperature for 7 days and poured 

into 300 ml of ice water containing 10 ml of cone. HCl. The nitrobenzene layer was 

separated and the solvent was removed by distillation in vacuo to give a brown solid 

residue. The residue was chromatographed on silica gel with CH2Cl2:hexanes (1:1) then 

CH2Cl2:EtOAc (3:1) as eluents to give a white sohd. The solid was recrystaUized from 

CH2Cl2:hexanes to give 7.35 g (83 %) of white solid with mp 97-98°C. IR (deposft on a 

NaCI plate from CH2CI2 solution): 3239 (N-H), 1718 (C=0); 1243, 1121 (C-0) cm"'. ' H 

NMR (CDCI3): 5 3.83 (s, 2H), 7.54-7.69 (m, 3H), 8.07-8.11 (m, 2H). Anal. Calc. for 

C8H8N03SBr: C, 34.55; H, 2.90; N, 5.04 . Found: C, 34.54; H, 2.90; N, 5.05. 
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3.4.4.28. Preparation of N-Bromoacetvl p-Nitrobenzenesulfonamide (108i 

By the procedure used to prepare compound 107, a mixture of bromoacetyl 

bromide (2.15 ml, 24.8 mmol) and anhydrous aluminum chloride (3.96 g, 29.67 mmol) in 

150 ml of nitrobenzene was reacted withj^-nitrobenzenesulfonamide (5.0 g, 24.85 mmol) 

to give a brown sohd residue. The solid was recrystaUized from CH2CI2: hexanes to give 

7.30 g (91 %) of pale brown solid with mp 170-17rC IR (deposft on a NaCl plate from 

CH2CI2 solution): 3107 (N-H), 1713 (C=0); 1243, 1121 (C-0) cm"'. 'HNMR(CDCl3): 

5 3.38 (s, 2H), 7.80-7.81 (d, 2H), 7.93-7.97 (m, 2H). Anal. Calc. for C8H7N205SBr: C, 

29.74; H, 2.18; N, 8.67. Found: C, 29.74; H, 2.31; N, 8.58. 

3.4.4.29. Preparation of N-Bromoacetyl Methanesulfonamide (109) 

By the procedure used for preparation of compound 107, a mixture of 

bromoacetyl bromide (11.0 ml, 126.2 mmol) and anhydrous aluminum chloride (16.8 g, 

126.2 mmol) in 250 ml of nitrobenzene was reacted with methanesulfonamide (10.0 g, 

105.1 mmol). The nitrobenzene layer was separated and washed with hexanes (2 X 200 

ml). To the nitrobenzene layer was added hexanes (200 ml) and the product precipitated. 

Filfration gave 8.00 g (35 %) of white sohd with mp 111-113 "C. IR (deposft on a NaCl 

plate from CH2CI2 solution): 3169 (N-H), 1711 (C=0); 1243, 1121 (C-0) cm"'. ' H N M R 

(acetone-dg): 5 3.29 (s, 3H), 4.09 (s, 2H). Anal. Calc. for C3H6N03SBr: C, 16.68; H, 

2.80; N, 6.48. Found: C, 16.66; H, 2.99; N, 6.50. 
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3.4.4.30. Preparation of N-Bromoacetvl Trifluoromethanesulfonamide (110) 

By the procedure used to prepare compound 107, a mixture of bromoacetyl 

bromide (3.50 ml, 40,26 mmol) and anhydrous aluminum chloride (5.87 g, 40.26 mmol) 

in 150 ml of nitrobenzene was reacted with trifluoromethanesulfonamide (5.00 g, 33.66 

mmol). The nifrobenzene layer was separated and washed with hexanes (2 X 200 ml). 

To the nitrobenzene layer was added hexanes (200 ml) and the product precipitated. 

Filtration gave 1.10 g (12 %) of white solid with mp 126-127 °C. IR (deposft on a NaCl 

plate from CH2CI2 solution): 3202 (N-H), 1744 (C=0), 1472, 1392 (SO2), 1206, 1130 (C-

O) cm"'. ' H NMR (acetone-dg): 6 4.23 (s, 2H). Anal. Calc. for C3H3F3N03SBr: C, 

13.34; H, 1.12; N, 5.19. Found: C, 13.60; H, 1.42; N, 5.31. 

3.4.4.31. Preparation of N,N-Di(N-benzenesulfonylacetamido) 1,10-
Diazadibenzo-15-crovyn-5 (112) and (N-Benzensulfonylacetamido) 

l,lQ-Diazadibenzo-15-crovyn-5 (119) 

To a solution of compound 87 (0.80 g, 2.54 mmol) in 30 ml of dry MeCN was 

added compound 107 (2.82 g, 10.18 mmol) and the reaction mixture was refluxed for 5 

days. The solvent was evaporated in vacuo and the residue was chromatographed on 

alumina with CH2Cl2:MeOH (15:1) as eluent to give a the mixture of mono- and di

substituted products. This mixture was chromatographed on silica gel with 

CH2Cl2:EtOAc (5:1) then CH2Cl2:MeOH (15:1) as eluents to separate the mono- and di

substituted products which were dissolved in CH2CI2 (50 ml each). The organic layers 

were washed with 5 %> HCl (50 ml) and distilled water (50 ml) and dried over MgS04. 

The solvent was evaporated in vacuo to give 0.55 g (42 %) of mono-substituted product 
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as foamy solid and 0.23 g (13 %) of di-substittited product as foamy solid, respectively. 

For 112; IR (deposft on a NaCl plate from CH2CI2 solution): 3186 (N-H); 1720 (C=0); 

1261, 1138 (C-0) cm"'. ' H N M R ( C D C 1 3 ) : 6 3.07 (s, 4H), 3.58 (s, 4H), 3.95-3.98 (t, 4H), 

4.32-4.36 (t, 4H), 6.85-7.50 (m, 14H), 7.73-7.78 (m, 4H), 8.36-8.37 (d, 2H), 8.75 (s, 2H). 

Anal. Calc. for C34H36N4O9S2: C, 57.61; H, 5.12; N, 7.90. Found: C, 57.25; H, 4.88; N, 

7.61. For 119; IR (deposft on a NaCl plate from CH2CI2 solution): 3387 and 3287 (N-H); 

1718 (C=0); 1261, 1138 (C-0) cm"'. ' H NMR (CDCI3): 5 3.10 (s, 4H), 3.58 (s, 2H), 

3.92-3.98 (t, 2H), 4.07-4.11 (t, 2H), 4.20-4.24 (t, 2H), 4.31-4.36 (t, 2H), 6.51-7.91 (m, 

13H. Anal. Calc. for C26H29N3O6S: C, 61.04; H, 5.71; N, 8.21. Found: C, 61.16; H, 5.69; 

N, 8.37. 

3.4.4.32. Preparation of N,N-Di(N-benzenesulfonylacetamido) 1,13-
Diazadibenzo-18-crown-6 (101) and (N-Benzenesulfonylacetamido) 
1,13-Diazadibenzo-18-crown-6 (111) 

By the procedure given for the preparation of 112 and 119, a solution of 

compound 88 (0.50 g, 1.39 mmol) in 30 ml of dry MeCN was reacted with compound 

107 (1.55 g, 5.56 mmol). The residue was chromatographed on alumina with 

CH2Cl2:MeOH (10:1) as eluent to give a mixture of mono- and di-substituted products. 

This mixture was chromatographed on sihca gel with CH2Cl2:MeOH (15:1) as eluent to 

give 0.13 g (17 %) of mono-substituted product as foamy sohd and 0.62 g (60 %) of di

substittited product as foamy sohd. For 101; IR (deposft on a NaCl plate from CH2CI2 

solution): 3176 (N-H); 1721 (C=0); 1261, 1138 (C-0) cm"'. ' H N M R (CDCI3): 5 3.10-

3.24 (t, 4H), 3.45-3.55 (t, 4H), 3.58 (s, 4H), 3.95-4.10 (t, 4H), 4.15-4.30 (t, 4H), 6.85-
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7.05 (m, 8H), 7.35-7.60 (m, 6H), 7.85-7.89 (q, 4H), 10.3-11.0 (br s, 2H). Anal. Calc. for 

C36H40N4O10S2: C, 57.43; H, 5.36; N, 7.44. Found: C, 57.62; H, 5.37; N, 7.08. For 111; 

IR (deposit on a NaCl plate from CH2CI2 solution): 3427 and 3226 (N-H); 1718 (C=0); 

1261, 1138 (C-0) cm"'. ' H NMR (CDCI3): 5 3.25-3.30 (t, 2H), 3.31-3.40 (t, 2H), 3.48-

3.57 (t, 2H), 3.60-3.69 (t, 2H), 3.62 (s, 2H), 3.95-4.02 (t, 4H), 4.11-4.20 (t, 4H), 6.51-

7.05 (m, 8H), 7.44-7.58 (m, 3H), 8.02-8.08 (q, 2H). Anal. Calc. for C28H33N3O7S: C, 

60.52; H, 5.99; N, 7.56. Found: C, 60.36; H, 5.91; N, 7.25. 

3.4.4.33. Preparation of N,N-Di(N-p-nitrobenzenesulfonylacetamido) 
l,13-Diazadibenzo-18-crown-6 (113) 

To a solution of compound 88 (0.83 g, 2.32 mmol) in 30 ml of dry MeCN was 

added compound 108 (3.0 g, 9.28 mmol). The reaction mixture was refluxed for 5 days. 

The precipitate was filtered to afford white powder. This powder was stirred with 5 % 

HCl (50 ml) and CH2CI2 (50 ml) mixture for 1 h. The solvent was evaporated in vacuo to 

give 0.70 g (37 %) di-substituted product as a yellow foamy sohd. IR (deposft on a NaCl 

plate from CH2CI2 solution): 3106 (N-H); 1721 (C=0); 1261,1138 (C-0) cm"'. ' H N M R 

(CDCI3): 6 3.15-3.21 (t, 4H), 3.54-3.59 (t, 4H), 3.62 (s, 4H), 4.07-4.10 (t, 4H), 4.27-4.29 

(t, 4H), 6.84-7.07 (m, 8H), 8.03-8.08 (m, 4H), 8.19-8.24 (m, 4H). Anal. Calc. for 

C36H38N6O14S2: C, 51.30; H, 4.54; N, 9.97. Found: C, 51.52; H, 4.83; N, 10.16. 
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3.4.4.34. Preparation of N,N-Di(N-methanesulfonvl3CRtp^mirln) 
1,13-Diazadibenzo-18-crown-6 (114) 

By the procedure used to prepare 112 and 119, a solution of compound 88 (0.70 g, 

1.95 mmol) in 30 ml of dry MeCN was reacted with compound 109 (1.69 g, 7.80 mmol). 

The residue was chromatographed on alumina with CH2CI2 then CH2Cl2:MeOH (1:1) as 

eluent to give 0.25 g (20 %) of di-substituted product as foamy solid. For 114; IR (deposit 

on a NaCl plate from CH2CI2 solution): 3176 (N-H); 1721 (C=0); 1261, 1138 (C-0) cm" 

'. 'HNMR (CDCI3): 5 3.10-3.24 (t, 4H), 3.45-3.55 (t, 4H), 3.58 (s, 4H), 3.95-4.10 (t, 

4H), 4.15-4.30 (t, 4H), 6.85-7.05 (m, 8H), 7.35-7.60 (m, 6H), 7.85-7.89 (q, 4H), 10.3-

11.0 (br s, 2H). Anal. Calc. for C36H40N4O10S2: C, 57.43; H, 5.36; N, 7.44. Found: C, 

57.62; H, 5.37; N, 7.08. 

3.4.4.35. Preparation of N,N-Di(N-beiizenesulfonylacetamido) 
1.16-Diazadibenzo-21-crown-7 (115) and (N-benzenesulfonylacetamido) 
l,16-Diazadibeiizo-21-crovyn-7 (120) 

By the procedure used for preparation of 112 and 119, a solution of compound 89 

(0.80 g, 2.0 mmol) in 30 ml of dry MeCN was reacted with compound 107 (2.92 g, 10.5 

mmol). The residue was chromatographed on alumina with CH2Cl2:EtOAc (15:1) as 

eluent to give a mixture of mono- and di-substituted products. This mixture was 

chromatographed on sihca gel with CH2Cl2:MeOH (20:1) as eluent to give 0.18 g (15 %) 

of mono-substittited product as foamy sohd and 0.98 g (62 %) of di-substituted product 

as foamy sohd. For 115; IR (deposft on aNaCl plate from CH2CI2 solution): 3186 (N-H); 

1720 (C=0); 1261, 1138 (C-O) cm"'. 'HNMR(CDCl3): 5 3.23-3.28 (t, 4H), 3.50-3.55 (t, 

4H), 3.70 (s, 4H), 3.84 (s, 4H), 3.87-3.94 (t, 4H), 4.11-4.16 (t, 4H), 6.80-6.99 (m, 8H), 
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7.34-7.49 (m, 6H), 7.88-7.93 (q, 4H), 10.3-10.8 (br s, 2H). Anal. Calc. for 

C38H44N4O11S2: C, 57,27; H, 5.57; N, 7.03. Found: C, 56.97; H, 5.50; N, 7.01. For 120; 

IR (deposft on aNaCl plate from CH2CI2 solution): 3427 and 3166 (N-H); 1731 (C=0); 

1261, 1138 (C-0) cm"', ' H NMR (CDCI3): 5 3.19-3.22 (t, 2H), 3.30-3.32 (t, 2H), 3.49-

3.52 (t, 2H), 3.58-3.61 (t, 2H), 3.75-3.92 (m, lOH), 4.07-4.15 (m, 4H), 6.49-6.90 (m, 8H), 

7.35-7.52 (m, 3H), 7.93-7.98 (q, 2H). Anal. Calc. for C30H37N3O8S: C, 60.08; H, 6.22; N, 

7.01. Found: C, 60.21; H, 6.36; N, 6.88. 

3.4.4.36. Preparation of N,N-Di(N-p-nitrobenzenesulfonylacetamido) 
1,16-Diazadibenzo-21 -crown-7 (116) 

By the procedure used for preparation of 112 and 119, a solution of compound 89 

(0.50 g, 1.24 mmol) in 30 ml of dry MeCN was reacted with compound 108 (1.6 g, 4.97 

mmol). The residue was chromatographed on alumina with CH2Cl2:MeOH (25:1) as 

eluent to give 0.52 g (48%)) of di-substituted product as yeUow foamy solid. IR (deposft 

on a NaCl plate from CH2CI2 solution): 3196 (N-H); 1718 (C=0); 1261, 1138 (C-0) cm" 

'. ' H NMR (CDCI3): 6 3.19-3.28 (t, 4H), 3.51-3.69 (t, 4H), 3.78 (s, 4H), 3.90 (s, 4H), 

3.87-3.93 (t, 4H), 4.13-4.15 (t, 4H), 6.79-6.98 (m, 8H), 8.04-8.09 (q, 4H), 8.18-8.23 (q, 

4H). Anal. Calc. for C38H42N6O15S2: C, 51.46; H, 4.77; N, 9.48. Found: C, 51.35; H, 

4.71; N, 9.12. 

3.4.4.37. Preparation of N.N-DifN-methanesulfonvlacetamido) 
1.16-Diazadibenzo-21 -crown-7 (117) 

By the procedure used to prepare 112 and 119, a solution of compound 90 (0.60 g, 

1.49 mmol) in 30 ml of dry MeCN was reacted with compound 109 (1.29 g, 5.96 mmol). 
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The residue was chromatographed on alumina with CH2Cl2:MeOH (20:1) as eluent to 

give to give 0.55 g (55 %) of di-substituted product as foamy sohd. IR (deposit on a NaCl 

plate from CH2CI2 solution): 3201 (N-H); 1714 (C=0); 1261, 1138 (C-0) cm"'. 'HNMR 

(CDCI3): 5 3,22 (s, 6H), 3.31-3.42 (t, 4H), 3.49-3.54 (t, 4H), 3.67-3.78 (m, 8H), 3.84-3.89 

(t, 4H), 4.11-4.15 (t, 4H), 6.81-7.23 (m, 8H), 10.40-10.90 (br.s, 2H). Anal. Calc. for 

C28H40N4O11S2: C, 49.99; H, 5.99; N, 8.33. Found: C, 49.67; H, 6.18; N, 8.15. 

3.4,4,38. Preparation of N,N-Di(N-benzenesulfonvlacetamido) 
l,13-Diazadi(/err-butylbenzo)-18-crown-6 (118) and (N-benzenesulfonylacetamido) 
l,I3-Diazadi(ferr-butylbenzo)-18-crown-6 (121) 

By the procedure used for the preparation of 112 and 119, a solution of compound 

90 (0.75 g, 1.59 mmol) m 30 ml of dry MeCN was reacted with compound 107 (1.77 g, 

6.37 mmol). The residue was chromatographed on alumina with CH2Cl2:MeOH (20:1) as 

eluent to give a mixture of mono- and di-substituted products. This mixture was 

chromatographed on silica gel with CH2Cl2:MeOH (15:1) then CH2Cl2:MeOH (5:1) as 

eluents to give 0.15 g (14 %) of mono-substittited product as foamy sohd and 0.73 g (53 

%)) of di-substituted product as foamy sohd. For 118; IR (deposft on a NaCl plate from 

CH2CI2 solution): 3186 (N-H); 1718 (C=0); 1261,1138 (C-0) cm"'. ' H NMR (CDCI3): 

5 1.20 (s, 18H), 3.14-3.20 (t, 4H), 3.47-3.53 (t, 4H), 3.60 (s, 4H), 4.03-4.07 (t, 4H), 4.23-

4.27 (t, 4H), 6.81-7.09 (m, 6H), 7.34-7.51 (m, 6H), 7.89-7.94 (q, 4H). Anal. Calc. for 

C44H56N4O10S2: C, 61.09; H, 6.52; N, 6.48. Found: C, 61.00; H, 6.27; N, 6.39. For 121; 

IR (deposft on a NaCl plate from CH2CI2 solution): 3417 and 3216 (N-H); 1718 (C=0); 

1261, 1138 (C-0) cm"'. ' H N M R (CDCI3): 5 1.24-1.26 (d, 18H), 3.25-3.30 (t, 2H), 3.31-
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3.40 (t, 2H), 3.48-3.57 (t, 2H), 3.62-3.69 (t, 2H), 3.65 (s, 2H), 3.91-3.96 (t, 4H), 4.09-

4.14 (t, 4H), 6.56-6.97 (m, 6H), 7.42-7.59 (m, 3H), 8.03-8.08 (q, 2H). Anal. Calc. for 

C36H49N3O7S: C, 64.74; H, 7.40; N, 6.29. Found: C, 64.70; H, 7.34; N, 6.40. 
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