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CHAPTER I 

INTRODUCTION 

General 

Crown ether background. Selectivity in chemical interactions is 

the basis for some of the most remarkable phenomena in living and 

non-living systems. Enzyme catalysis, antibody-antigen interactions, 

involvement of specific metals in metallo-proteins, enantiomeric 

selectivity, and metal catalysis in industrial reactions provide a 

partial listing of systems where selectivity is found. The obvious 

success and efficiency of such systems encourage the identification 

and investigation of underlying principles which make recognition 

possible in chemical interactions. Such understanding could lead to 

the design of new larger molecules (hosts) which are capable of 

interacting with smaller (guest) species in a predetermined, selective 

manner. In host-guest chemistry, the host molecule must "recognize" 

by complexing best those guest molecules that contain the array of 

binding sites and steric features that complement those of the host. 

Macrocycles have several features which are desirable in host 

molecules. These molecules are preorganized to allow through 

synthetic design the fitting of host to guest in a complementary 

fashion. Donor atoms, aromatic rings, substituent groups and 

chirality can be designed into these hosts as to enhance selectivity 

for closely related chemical guest species. 
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During the past two decades, much attention has been given to 

the design of macrocycles capable of selective recognition of guest 

species. PedersenHl first reported crown ether compounds and their 

selective interactions with alkali metal ions. Lehn and Cram and 

their coworkerst^.B] designed numerous crown ether-type 

macrocycles and studied their selective interactions with cations. 

The significance of the work of these three individuals resulted in 

their receipt of the 1987 Nobel Prize in Chemistry.!^] 

The first in-depth discussion of crown ethers and their 

properties was provided by Pedersen in 1967.^^1 Pedersen was 

attempting to synthesize bis-2-(o-hydroxyphenoxy)ethyl ether (1) 

from bis-(2-chloroethyl) ether (2.) and monotetrahydropyranyl-

protected catechol (1) (Figure 1). He did not purify the latter 

compound and, as a result, some catechol remained. An "unattractive 

goo" was noted in addition to desired product 1 at the termination of 

OTHP a„ + Cl O Cl *-

Fig. 1. Pedersen's Synthesis of Dibenzo-18-crown-6 



the reaction. Pedersen was able to isolate a white solid from this 

"goo" which was eventually identified as the cyclic compound 4 . 

Compound 4 was found to be insoluble in methanol, but dissolved 

upon the addition of NaOH. This effect upon solubility was noted 

with other sodium salts as well. This phenomenon led Pedersen to 

theorize that the Na+ cation was being surrounded by the electron-

rich oxygens of the macrocyclic ring. The hydrocarbon portion of the 

macrocyclic ring oriented itself outwards from the cation, providing a 

lipophilic shield to help solubilize the complex. From the physical 

shape of this complex, Pedersen coined the generic name for this 

class of compounds, "crown ethers." Dibenzo-18-crown-6 is the 

specific name for compound 4. 

Factors affecting cation complexation. Pedersen pursued 

further this complexation interaction by synthesizing a broad 

spectrum of crown ether compounds and studying their interactions 

with various cations, both inorganic and organic.t^'^J From these 

studies, he was able to determine several factors which influence the 

relative stability of the crown ether-cation complex. The relation 

between the size of the cation and the cavity diameter of the crown 

ether is of great importance. Sodium cations are best complexed by a 

15-crown-5 molecule and potassium cations are complexed best by 

an 18-crown-6 molecule, when all other factors are held constant. 

The optimal size relationship seems to be one in which the cation fits 

snugly against the ring oxygens. The placement of oxygens 

throughout the ring is also important. A symmetrical layout giving a 
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uniform charge interaction seems best. The strongest complexes 

occur when the oxygen atoms are the most basic, giving a higher 

electron density to interact with the cation. Substituents or structural 

elements which withdraw electron density from the ring oxygens 

tend to weaken the complex. Another important factor is the 

relative planarity of the oxygens of the macrocyclic ring, both prior 

to and during complexation. The better the coplanarity, the better is 

the complexation. The free ligand 18-crown-6 (5.) shown in Figure 2 

does not exist in the flat, cyclic form of its complex.t^l The oxygens 

position themselves to relieve steric repulsion. To complex a cation, 

this ligand must reorganize, which slows complexation. If the ligand 

is modified to incorporate rigidifying features, this reorganization can 

be lessened. The two benzene rings of dibenzo-18-crown-6 (4̂ ) serve 

this function. There is a trade-off however, as the benzene rings also 

reduce the basicity of the ring oxygens. 

-f KSCN ^ [ \ ^ K V J SCN 

5. 

Fig. 2. Reorganization of 18-Crown-6 Upon Complexation 
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The presence of steric hindrance in the crown ether ring can 

also lessen complexation by blocking the approach of the cation to 

the cavity, or upsetting the fit within the cavity. Also, the degree of 

association of a cation with the solvent can have a marked effect 

upon complexation. Smaller cations such as Li+ tend to be tightly 

held by an aqueous solvent. The cation must shed the solvent 

molecules to pass by the hydrophobic exterior of the crown ether to 

get to the cavity. Larger cations are not as tightly solvated, and have 

an easier time complexing. 

Varying the heteroatom within the macrocytic ring has a 

pronounced effect upon which types of metal cations are more 

favorably complexed.110] xhe hard atom oxygen as the heteroatom 

favors the complexation of the alkali (hard) metal cations while 

hindering the complexation of the soft transition metal cations. The 

inclusion of the soft atom sulfur enhances the complexation of the 

transition metal cations while diminishing that of alkali metal 

cations.[IIJ Nitrogen is of intermediate hardness and its 

incorporation enhances the complexation of transition metal cations 

without greatly reducing the complexation of alkali metal cat ions.nu 

The lipophilic exterior of crown ethers allows them to solubilize a 

metal cation in an organic medium. However, for some 

counteranions the complex may have low organic-phase solubility. 

Harder anions, such as chloride, nitrate, and sulfate are heavily 

solvated by water. Thus the complex tends to remain in the aqueous 

phase.[12-14] One possible solution to this problem is to control the 
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nature of the anion by attaching it directly to the macrocyclic ring. 

Some possible substituents are carboxylic acid, sulfonic acid, and 

phosphonic acid groups. Another approach is to add a long lipophilic 

tail on the macrocyclic ring so that the complex would rather stay in 

an organic phase than in an aqueous phase. 

Crown ethers are finding many applications in chemistry due to 

their unique complexation characteristics. They have the ability to 

selectively complex, extract, and transport a desired cation in the 

presence of others. Their ability to solubilize an inorganic cation in 

an organic medium has lead to their use as phase transfer catalysts. 

Crown ethers can also complex reactive organic species and provide 

stabilization through complexation. A large variety of crown ether 

compounds have been prepared by a number of research groups. An 

extensive compilation of equilibrium constant (K) data is availablefl^l 

from which selectivities in a given solvent can be deduced. It is 

evident from these data that use of the proper macrocycle can result 

in selectivity for nearly any metal cation. 

Crown ethers as macrocyclic carriers can be dissolved in 

organic solvents to form liquid membranesN6] or they can be 

recycled with organic solvent through the lumen of a microporous 

polypropylene hollow-fiber module to saturate it to form a 

supported liquid membrane.!^^1 The cation-selective properties of 

macrocycles have been used to design liquid membranes and 

supported liquid membranes for specific cation separations. The 

selective transport of Ag+ [17,18]̂  Pb2+ [17]^ K+ [19] and Li+ [20] has 
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been observed in bulk liquid membrane systems using various 

macrocyclic ligands. In the supported liquid membrane (hollow 

fiber) systems, selective and predicted separations of Na'*"/K + , 

Cd2+/Hg2+^ and others have been achieved.[21.22] 

It has also been noted that by appropriate synthetic design, 

particular macrocyles can be attached to a solid support to form a 

material capable of making quantitative separations of similar 

chemical species in a chromatographic column. 

The Immobilization of Azacrown Ethers on Silica Gel 

Much of the recent work on the separation of metal ions using 

macrocyclic ligands has involved either the extraction of metal ions 

into organic solvents or the transport of metal ions through liquid 

membranes. One of the major problems with the use of organic 

solvents as the extraction membrane solvent is that complexation of 

a metal by a given macrocycle may be greatly changed in the 

organic solvent compared with water (2-3 log K units difference).[15] 

Another problem may be the loss of the crown ether from an organic 

liquid membrane phase into one of the two contacting aqueous 

phases.[19] Researchers have prepared some crown ethers containing 

lipophilic substituents to keep the macrocyclic molecule in the 

organic phase. Some crown ethers with one or two octyl substituents 

(Figure 3) were good cation transporters in simple membrane 



N—N-H N_N_H 8 

R ^o o R^o o ^ 
I. J n=0,l Î  j 

Fig. 3. Crown Ethers with Long Lipophilic Tails 

systems where the ratio of volumes of source and receiving aqueous 

phases to organic phase was about 1:1. However, they were poor 

cation transporters or even not retained in the organic layer in solid 

supported liquid membrane systems where the ratio of volume of 

source and receiving aqueous phases to organic phase is very high. 

Sometimes, changing the location of the lipophilic tail does not 

improve the lipophilicity of the crown ethers (Figure 4). Maintaining 

good crown-cation interactions after substitution with a lipophilic 

group and recovery of the crown ether from the liquid membrane 

system are also major problems. 

N—N-H 

A'\ 
(^ J n = 0, 1 

Fig. 4. Changing the Location of Lipophilic Tail Does Not 
Improve the Lipophilicity of the Crown Ethers 



Crown ethers are often difficult and expensive to prepare. 

Even marginal losses of these materials in a liquid membrane system 

cannot be tolerated. Attachment of the crown ether to some organic 

or inorganic backbone (Figure 5) is a good method to solve this 

CHo 

O (CH2)a-Si-0-silica R 
N—N 

c o 

o 
^ 

R 

CH3 

•CH2Y(CH2)a-Si-0-Silica 

^ V ^ \:H2Y(CH2)a-Si-0-Silica 

CH-

^E C ^ ^ CH2Y(CH2)a-Si-0-Silica 

A - F = any combination of O, S or N-R (R = H, alkyl, or benzyl) 
1, m, n = 0 - 2, X = alkyl, Cl, or O -Silica, Y= O or CH2, a- 1-16 

Fig. 5. Some Examples of Crown Ethers Immobilized 
on Silica Gel 
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problem. This attachment is through stable covalent bonds so that 

the crown ethers are available for complexation with metal cations 

for an indefinite period of time.[23.24] Although a range of such 

chelating resins which exhibit selectivity for metal ions has now been 

reported,[25] the majority of these contain ligands are appended to 

organic polymeric backbones. In particular, cross-linked polystyrene 

has been used frequently (Figure 6). However, it was found that the 

Fig. 6. Some Examples of Crown Ethers Appended on 
Polystyrene 

hydrophobic nature of the polystyrene backbone led to the 

respective resins being unsuitable for use in aqueous media. A 

methanol/elhyl acetate solvent mixture was used instead.[26] 

On the other hand, we know that the nature of the donor atoms 

in the macro-ring exerts an important effect on complexation. This is 

particularly true with the nitrogen atom-containing azacrown ethers. 

The polyazacrown ethers are important because they have cation 

complexation properties that are intermediate between the cyclams. 
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which complex strongly with the heavy metal cations and the all 

oxygen crown ethers, which complex strongly with the alkali and 

alkaline earth metal ions. That means the mixed donor azacrowns 

are suitable to complex the soft transition-metal ions. 

Azacrown ethers immobilized on silica gel (Figure 7) should be 

excellent chelating agents for complexation of transitional metal 

cations from aqueous media. Silica gel has hydrophilic properties 

and can be used repeatedly and for long periods of time.127] 

_0_SiCH2CH2CH2-N N-H 

O-SiMea \ — N 
H 

Fig. 7. A Triazacrown Ether Immobilized on Silica Gel 

Complexation data (Table 1)[28] show that there is no big 

difference in the log K values between the unbound crown ether and 

the crown ether bonded to silica gel, which encourages interest for 

possible industrial applications. 

Another advantage for such immobilized crown ethers is that a 

very high concentration of crown ethers in the silica gel may 

promote interactions between the grafted ligands and complexes. 

New selectivities and stoichiometrics may result. In the presence of 
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Table 1. Comparison of Bound and Analogous Unbound 

Macrocycle Interaction Constants with Metal Cations 

iQgJC 
bound unbound macrocvcl 

6 

6 

6 

7, n = 0, Y : 

8, n = 1, Y 

8, n = 1, Y 

9, n = 2, Y 

e 

= 0CH2 

= CH2 

= CH2 

= CH2 

cation 

H+ 

Ag+ 

Cu2+ 

Ag+ 

Ag+ 

Ba2+ 

Ba2+ 

5.1 ± 0.2 

2.7 ± 0.2 

1.8 ± 0 . 1 

0.90 ± 0 . 1 5 

1.61 ± 0.09 

3.56 ± 0.01 

2.93 + 0.09 

5.23 

5.50' 

4 .63 ' 

0.94 

1.50 

3.87 

5.44* 

* Log K value measured in methanol. These values have been 
shown to be 2-3 log K units higher than the log K values measured in 
water (unmarked). 

CH3 
I 

r^ "̂1 —<CH2)4-̂ -0-

^ O 6 

silica 

^o o 
l ^ O ^ J L 8, 9 

CH3 

^V-CH2YCH2CH2-Si-0 Silica 
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a cation with an ionic diameter slightly too large to be accommodated 

into the cycle, formation of a "sandwich" complex with two ligands 

for a cation may be observed. Such a sandwich structure is 

facilitated by the presence of a spacer between the ligand and the 

silica. For example, the stability sequence observed in solution is K+ > 

Rb+ > Cs+ > Na+ > Li+, however, Cs+ is better retained than Rb+ in silica 

gel grafted with benzo-18-crown-6 (Figure 8).[29] 

ro^ -o o _ r o ^ 
.0_Si(CH2)3—N-C-^^CH3-0-CH,-r^Y° °^ 

. / H %X^O O 
• ^ o ^ 

Fig. 8. "Sandwich" Complex Formation with Benzo-18-crown-6 
Grafted on Silica Gel 

Some terms should be defined before discussing the steps of 

preparation of silica gel-immobilized azacrown ethers. 

1. Spacer: The unit connected to silica gel by one end and to the 

crown ether with the other end. Normally, it is a linear unit of 

methylene groups. It may be composed of several sections, i.e., 

Spacer 1, Spacer 2. . . . 
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2. Silylation: The reaction between the silanol group (Si-OH) on 

the silica gel and the methoxy or ethoxy silane group on one end of 

the spacer. 

3. End-capping reaction: Since there are some unreacted silanol 

groups after the silylation reaction, a protection reaction to mask 

these silanol groups may be necessary. Often, the capping group is 

tr imethylsi lyl . 

4. The coupling reaction: The reaction between the crown ether 

and the other end of the spacer. 

Spacing the chelate away from the matrix should be important. 

This has been demonstrated and is well documented. For supported 

catalysts, introduction of a spacer between the ligand and the matrix 

considerably facilitates the access and diffusion of reactive species. 

In many cases, the longer the spacer, the higher is the catalytic 

reaction rate. For the same reason, spacing the ligand with some 

carbon atoms makes the binding site of the crown ether more 

accessible to metal cations. In addition to increasing the accessibility, 

the introduction of a spacer gives the possibility of regulating the 

hydrophilic/hydrophobic balance of the phase. Unfortunately, no 

data has been reported for such studies about spacers for crown 

ethers on silica gel. Nishide[30] has prepared a series of pyridine 

resins with glycol spacers of various lengths. The stabilities of 

complexes increase with the length of the spacer (Table 2). However, 

comparison is difficult because the pyridine residue content of each 

resin is very different. The same principle about the relationship 
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between the length of spacer and the stability constant of the ligand 

is also applicable to spacing crown ethers on different supports, such 

as silica gel. 

Table 2. Effect of Spacers on Complexing Rates and 
Stability Constants of Cu2+ Complexes with Pyridine 
Residues Grafted on Chloromethylated PSD* Resins 

Cu2+ complexes 
%Cl complexation rate stability 

ligand displaced constant s'l 10.4 constants L.M ^ 

pyr id ine 80 - - 3.2 

poly(4-pyridine) -- - - small 
R-C6H5CH20(CH2)3pyridine 

62 72 2,500 

R-C6H5CH2(OCH2CH2)230CH2pyridine 

19 16 3,400 

* PSD = Poly(Styrene) Copolymer of 4-vinylpyridine 
and 20 mol% divinylbenzene 

The mechanism of silylation. The general formula of an 

organosilane (spacer) shows two types of functionality 

RnSiX(4.n). 

The X group is involved in the reaction with the inorganic substrate. 

The bond between X and the silicon atom in a coupling agent is 

replaced by a bond between the inorganic substrate and the silicon 

atom. X is a hydrolyzable group, typically, alkoxy, acyloxy or amine. 

The most common alkoxy groups are methoxy and ethoxy, which 
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give methanol and ethanol as by-products during attachment 

reactions. The R group is a nonhydrolyzable organic unit that 

possesses a functionality which enables the coupling agent to bond 

with organic ligands and polymers. Most of the widely used 

organosilanes (spacer precursors) have one organic substituent. 

One proposal for the mechanism of the reaction is as follows.[31] 

Reaction of the silane involves four steps. Initially, hydrolysis of the 

three labile X groups attached to silicon occurs. So the presence of 

water for hydrolysis is important. Condensation to form oligomers 

follows. The oligomers then hydrogen bond with OH groups of the 

substrate. Finally, during drying or curing, a covalent linkage is 

formed with the substrate with concomitant loss of water. At the 

interface, there is usually only one bond from each silicon of the 

organosilane to the substrate surface. The two remaining silanol 

groups are present either bonded to other coupling agent silicon 

atoms or in free form (Figure 9). 

The other proposed silylation mechanism is simpler.132] At 

higher temperature, each methoxy or ethoxy group reacts with a 

silanol group on the silica gel surface (Figure 10). Hydrolysis 

reaction of the spacer is not involved. 

The attachment in the former case (with water present) is 

three times as efficient as the latter one. In the former case, to 

attach one R group, only one silanol group is consumed while in the 

latter three silanol groups on the silica gel are consumed. 



Hydrolysis 
RSi(OMe)3 

3H2O 3 MeOH 

RSi(OH). 

Condensation 

2 RSi(OH)3 2H2O 

R R R 
I I I 

HO-Si-O-Si-O-Si-OH 

OH OH OH 
+ 

OH OH OH 

Silica Gel 

? ? ^ 
HO-Si-O-Si-O-Si-OH 

17 

•Si-O-Si 

O 

J . 
o 
I 

o 
I 

Silica Gel 

Bond Formation 

I , 

Heat 

3H2O 

R 
I 

R R 
I 

HO-Si-O-Si-O-Si-OH 
I I I 
0 0 0 

/ \ H' •' / \ 
H. H \ H H ^ H 

\ / » ' ^ s / 

? ? ? 
Silica Gel 

Hydrogen Bonding 

Fig. 9. One Proposal for the Mechanism 
of the Attachment Reaction 

-OH 

-OH 

- O H 

OCH3 
I 

+ CHgO-Si - R 

OCHo 

• 0 

O—Si-R + 3H2O 

Fig. 10. Another Proposed Mechanism 
for the Attachment Reaction 
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There are several different strategies for immobilization of a 

crown ether on silica gel: 

Method A: Silylation > End-capping > Coupling 

reaction. 

Method B: Pre-arranged crown-ether with spacer 2 > 

react with spacer 1 to become a crown-ether with whole spacer 

> silylation. 

Method C: Spacer 1 reacts with spacer 2 > Silylation 

> End-capping > Coupling reaction. 

An example of Method A is provided by the work of Lindoy 

and coworkers.[27] The scheme is shown in Figure 11. Another 

example of the use of this strategy is the preparation of a crown 

ether polymer immobilized on silica gel (Figure 12).[33] 

An example of Method B is given in the work of Brandshaw 

and his coworkers (Figure 13).[24] These researchers synthesized a 

variety of mono-, di-, tri-, and tetraazacrown ethers with a C-pivot 

allyoxymethyl or butenyl group as a spacer 2. The C=C double bond 

on the allyoxymethyl or butenyl group reacts with the reactive group 

on spacer 1 (often, trimethoxysilane, triethoxysilane, or trichloro-

silane) by Pt catalyst to enlongate the spacer. Then the labile 

methoxy or ethoxy groups can be used for binding with the silica gel. 

An example of Method C is reported by Kimura and coworkers 

(Figure 14).[34] The entire spacer was prepared by reacting spacer 1 

with spacer 2. The reaction in this case was that of (3-aminopropyl)-

triethoxysilane with methacryloyl chloride. The next step was 
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silylation to attach one end of the spacer to the silica gel followed by 

reaction with trimethylchlorosilane to mask the residual silanol 

groups of the modified silica gel. The coupling reaction was 

accomplished by attaching the crown ether units one after another 

(polymerization) on the other end of the spacer. 

•OH 

-OH + 

-OH 

(MeO)3SiCH2CH2CH2Cl 
10 

» 

Toluene 

•0-Si-CH2CH2CH2CI 
I 

-OH 

CHo 
Cl-$i-CH3 I I 

CH3 |-0-Si-CH2CH2CH2CI 
11 

-0-SiMe3 

1-0—SjiCH2CH2CH2 -N N-H 

•0-SiMe3 ^ N - V 
H 

Fig. 11. Synthesis and Predicted Structure of the 
Modified Silica Gel 
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CH^ 
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DMF AIBN 

X= An end groups of initiator or 
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Fig. 12. Use of Method A to Immobilize a Crown Ether 
Polymer on Silica Gel 

An alternative method for the preparation of azacrown ethers 

immobilized on silica gel is suggested by the work of Carpino and 

coworkers[35] who reacted piperazine with (3-chloropropyl)-

trimethoxysilane to give l-(trimethoxysiIyl)-3-(l-piperazyl)propane 

(12) which was subsequently coupled with silica gel (Figure 15). The 

piperazino-functionalized silica gel was easy to prepare and a loading 

of about 10 milliequivalent of active NH per gram of silica gel was 
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achieved. This route avoids the presence of unreacted spacer ends 

after immobilization. 

Statement of Research Goals 

1. Derive new or improved procedures for the synthesis of 

several functionalized crown ether compounds, such as dibenzo 

crown ethers with hydroxy, keto, lipophilic tail, vinyl, phenyl or 

sulfonic acid functional groups. 

2. Examine the method reported by Lindoy and coworkers to 

determine the effects of experimental variables such as the need for 

end capping, the size of the silica gel particles, and the overall 

efficiency of coupling. 

3. Explore a new method for the immobilization of azacrown 

ethers on silica gel. 

Pt catalyst 
Azacrown-CH20CH2CH=CH2 • Azacrown-CH20(CH2)3-ai(OC2H5)2 

HSi(OC2H5)2 CHo 
CH3 

CH 
Silica Gel I 6—I 1 ^ 

-.-Crown-CH20(CH2)3-Si'^ | Silica Gel ^ ^ O ^ R 
0 n^ 

R = benzyl, hexyl, ethyl 
Azacrown Ether Substituents 

Fig. 13. Preparation of Silica Gel-Bound Crown Ethers. 
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CHAPTER II 

RESULTS AND DISCUSSION 

Synthesis of Structurally Modified Dibenzo-
16-crown-5 Compounds 

Lipophilic crown ether carboxylic acids have been found to be 

effective in the solvent extraction of metal ions only from neutral or 

basic aqueous solutions. This limitation makes it impossible to use 

crown ether carboxylic acids in the solvent extraction of those metal 

cations which are soluble only in quite acidic aqueous solutions. 

Since sulfonic acids ionize even under strongly acidic conditions, the 

preparation of a family of crown ether sulfonic acids with lipophilic 

tails was proposed. In earlier work, Liu[36] synthesized a sulfonic 

acid derivative of a crown ether with an octyl tail. Scheme 1 shows a 

synthetic route to a crown ether sulfonic acid with a decyl lipophilic 

group. Compound 17. was synthesized from sym-(decyl)-

hydroxydibenzo-16-crown-5 (15) which was made by the oxidation 

of sym-hydroxydibenzo-16-crown-5 (13) followed by a Grignard 

reaction to convert sym-ketodibenzo-16-crown-5 (14) to the 

lipophilic crown ether alcohol 15. 

Synthesis of sym-ketodibenzo-16-crown-5 (14). The sym-

ketodibenzo-16-crown-5 (lA) was synthesized by a typical oxidation 

reaction with Jones reagent. Increasing the reaction scale by 1.5 

times that reported[37] did not diminish the yield (56%). Three 
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Scheme 1 

aspects of this synthesis should be noted. First, excess Jones reagent 

should be used to consume as much of the sym-hydroxydibenzo-16-

crown-5 (13) as possible to improve the column chromotographic 

separation of a small amount of unreacted starting material from the 

product. Second, the inorganic chromic salt should be carefully 

filtered. Careful filtration with filter aid (Celite) is recommended. 

Third, use of cold diethyl ether to precipitate the desired product is 

the most efficient way for product separation. This replaces the 

reported column chromatographic separation purification of the 
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crude product on deactivated silica gel. A Soxhlet extraction method 

with decolorizing charcoal to purify the product was also used. None 

of these methods, however, is better than the use of diethyl ether to 

precipitate the product. 

Synthesis of sym-(Decyl)hydroxydibenzo-16-crown-5 (15). 

The sym-(decyl)hydroxydibenzo-16-crown-5 (15) was synthesized 

from the crown ether ketone 14 by a Grignard reaction. The reaction 

scale, which was increased six-fold over that reported[37] for 

synthesizing an analogous crown ether with an octyl tail by the same 

route, did not diminish the yield (91%). THF was used instead of the 

conventional diethyl ether. It should be noted that the amount of 

THF used in forming the Grignard reagent is a very sensitive and 

important factor. If more THF than recommended was used, only a 

small amount of the magnesium turnings were consumed and the 

Grignard reagent could not be prepared. The aqueous NH4CI quench 

solution should be added only at room temperature. The TLC on 

silica gel showed that crown ether ketone 14. and the product \5_ had 

the same retention factor. However, on alumina with elution by 

ethyl acetate, the difference of their retention factors was obvious. 

The lipophilic crown ether alcohol 15. can also be made by reacting 

bis-2-(o-hydroxyphenoxy)ethyl ether with 2-decyl-2-(chloro-

methyl)oxirane in a lower yield (65%).[38] The preparation of 2-

decyl-2-(chloromethyl)oxirane is a two-step process for which the 

first step is a Grignard reaction with l,3-dichloro-2-propanone at an 

inconveniently low temperature. 
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Synthesis of 3-rsvm-(decvndibenzo-16-crown-5-oxyl-

propanesulfonic acid (17^ 1,3-Propanesultone, a five-membered 

ring sultone, is a versatile intermediate which can react with a wide 

variety of compounds under basic condition to introduce the 

propanesulfonic acid functional group. These reactions of 1,3-

propanesultone are characterized by high electrophilic reactivity at 

C-3. When the alkoxide of the lipophilic crown ether alcohol was 

treated with an excess of 1,3-propanesultone in THF, the crown ether 

sulfonate salt 16. precipitated immediately. The melting point of the 

sodium sulfonic acid salt 16 (157-159 °C) is quite different from that 

found for the corresponding analogous octyl compound (85-90 °C).[36] 

After acidification with 6N HCl solution, the lipophilic decyl crown 

ether sulfonic acid 17. was obtained in good yield (79%). 

Synthesis of Structurally Modified Dibenzo-
14-crown-4 Compounds (Scheme 2) 

Since l,3-bis(2-hydroxyphenoxy)propane (18) is an important 

intermediate for the synthesis of derivatives of dibenzo-14-crown-4, 

a larger scale synthetic procedure was developed. The modified 

reaction was conducted with 20 times the amounts of reagents and 

solvents reported before[37] vvith no apparent reduction in yield. 

McDonough[39] developed a generalized synthetic route to 

make vinylidene crown ethers (Method A). One compound 

synthesized was 23. which is an intermediate for preparation of sym-

(hydroxymethyl)dibenzo-14-crown-4 (M).f^^l When the synthesis 
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of 23. was repeated using this method, the 200 MHz iH NMR 

spectrum showed compound 23. to be contaminated with the "2-1-2" 



condensation by-product (Figure 16). Another reported procedure 

was followed (Method B)[40] to determine which route to the 

synthesis of compound 23. is better. 
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Fig. 16. The Structure of "2-^2" By-product 

Since crown ether alcohols are versatile synthetic 

intermediates, a modified procedure was developed to allow the 

preparation of hydroxydibenzo-14-crown-4 19. at four times the 

scale as that reported.['^ll Then crown alcohol 19 was oxidized to 

crown ketone 2 1 which was converted into compound 22. by a 

Grignard reagent (Route 2). Compound 22. had been made previously 

by a different route (Route 1)[38] to which some modification was 

tried but which was not successful. 

Synthesis of 1.3-bis(2-hydroxyphenoxy)propane (18). The 1,3-

bis-(2-hydroxyphenoxy)propane (18) was synthesized by reaction of 

two equivalents of catechol and one equivalent of 1,3-dibromo-

propane in strongly basic aqueous solution. The unreacted catechol 

was removed by washing with hot water and the crude brown tar

like product was dissolved in a large amount of dichloromethane 
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with heating and mechanical stirring. The dried organic solution was 

passed through a short column of silica with dichloromethane as the 

eluent. After evaporation of the dichloromethane in vacuo, the 

residue was recrystallized from benzene to provide 90 grams of 

product (37% yield). 

Synthesis of sym-vinylidenedibenzo-14-crown-4 (23). Two 

methods (A and B) were used to synthesize crown ether 23.. In 

Method A, CS2CO3 was utilized as the base to employ the cesium 

effect for ring closure.l^^J Diphenol 18 was dissolved in acetonitrile 

containing CS2CO3. Under reflux, methallyl dichloride dissolved in 

acetonitrile was added very slowly. After reaction for three days, 

the reaction solution was cooled and 3N KOH was added. The product 

was extracted with dichloromethane. After column chromotography 

on alumina, a white solid product was obtained. In the ^H NMR 

spectrum, some "2-1-2" dimer was observed as multiplet shoulders at 5 

5.40, 4.60, and 4.10. It was difficult to separate the dimer from the 

desired product. It is important to note that the location of the 

organic layer changed from the top to the bottom layer during the 

sequential extraction of the aqueous solution with dichloromethane 

during workup. 

In Method B, diphenol 18. was dissolved in 1-butanol and water 

(95:5). Under strong basic condition, 3-chloro-2-chloromethyl-l-

propene was added. The reaction can be finished in one day. The 

solution was acidified with HCl and extracted with chloroform. The 

crude product was subjected to column chromatography on alumina 
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and eluted with dichloromethane. A white solid product was 

obtained in a slightly higher yield and the ^H NMR spectrum showed 

that no "2-1-2" by-product was formed. 

Table 3 provides a comparison of the results obtained by 

Methods A and B. It is obvious that Method B is the better one. 

Table 3. Comparison of the Results Obtained by 
Methods A and B 

Method A Method B 

Reaction Time Three days One day 

Yield 71% 76% 

Formation of "2+2" Yes Little 
by-product 

Synthesis of sym-hydroxydibenzo-14-crown-4 (19). Reaction 

of the bisphenoxide of J_8. with epichlorohydrin in aqueous THF 

solution produced crown ether alcohol J_9 in 43% yield. To force the 

reaction to completion, a total of two and one-half equivalents of 

epichlorohydrin was added during the reaction. The reaction was 

carried out in a solvent mixture which had a proper ratio of water 

and THF to allow both the LiOH and diphenol 18. to dissolve at a 

lower temperature (55 °C) than when the reaction was conducted in 

water alone. 

Synthesis of sym-(phenyl)(hydroxy)dibenzo-14-crown-4 (22) 

(Route I). sym-Hydroxyphenyldibenzo-14-crown-4 (22.) was 

prepared previously by the reaction of diphenol 18. and 2-phenyl-
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epichlorohydrin in water.[38] Modification of this procedure was 

made by the use of a lower temperature (60 °C) than reported before 

and a solvent mixture of THF and water (1:1) (Route I). Diphenol J_8 

was found to dissolve in the solvent mixture but the 2-phenyl-

epichlorohydrin did not, which caused this reaction to give a very 

poor yield (about 10%). Since it would have taken several steps to 

prepare more 2-phenylepichlorohydrin, an alternative synthetic 

route (Route II) was explored. 

Synthesis of sym-ketodibenzo-14-crown-4 (21) and sym-

(phenyl)(hydroxy)dibenzo-14-crown-4 (22) (Route II). When 

subjected to the Jones oxidation, crown ether alcohol 1_9. was 

converted into sym-ketodibenzo-14-crown-4 (21) which was 

obtained after removal of water from the hydrate 20.. The procedure 

was similar to that used to prepare sym-ketodibenzo-16-crown-5 

(14) except that additional water was added to precipitate the 

product. The crude hydrated form 20. was obtained as an off-white 

solid after recrystallization from aqueous acetone. The hydrated 

form 20. was dried in a vacuum dryer with oil bath heating overnight 

to give the keto-form 2JL as a brown oil. 

The procedure for the Grignard reaction of 21_ to form 22. was 

similar to that used to prepare sym-(decyl)(hydroxy)dibenzo-16-

crown-5 (15). Radial chromatographic separation on an alumina 

plate with dichloromethane then dichloromethane/ethyl acetate as 

eluents was needed to obtain pure 22. in 48% yield. 
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Synthesis of a Lipophilic Bisphenol 

Attachment of a lipophilic group to dibenzo-16-crown-5-

oxyacetic acid is necessary to retain the complexing agent in the 

organic phase during solvent extraction. In lipophilic crown ether 

carboxylic acid 25. the lipophilic group has been attached to the side 

arm. Lipophilic crown ether carboxylic acid 25. is a structural isomer 

of 2.6. in which the lipophilic groups are now attached to the benzene 

rings. Comparison of these two crown ether carboxylic acids in the 

solvent extraction of aqueous alkali metal cations into chloroform as 

well as their transport across bulk chloroform liquid membranes has 

been reported.[^3] Although the overall complexation behavior of 2 ^ 

and 26. is quite similar, 26. exhibits complete exclusion of Li"*" and 

enhances the Na+/K+ selectivity somewhat. Such increases in 

(CH2)7CH3 

H ^O-CHCOgH H ^OCH2C02H 

selectivity with a variation in the lipophilic group attachment site 

encourage the preparation of other crown ether carboxylic, 

phosphonic, and sulfonic acids with tert-butyl groups on the benzene 

rings. Such studies would be facilitated by attemping to improve the 
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reported procedure[43] for the synthesis of precursor bisphenol 21 

and increasing the scale of the preparation (Scheme 3). 

> / % ^ 0 H NaOH 
fl T . /—V y — \ 

Scheme 3 

Synthesis of Bisr2.(4 or 5)-tert-butyl-2-hydroxyphenoxy)-

ethyll ether (27). The scale of the reported procedure ["̂ 2] for the 

preparation of bisphenol 27_ was doubled with no apparent reduction 

in yield (41%). In the workup, it was found unnecessary to dissolve 

the crude product in large amount of pentane as reported. 

Recrystallization of the crude product twice from methanol improved 

the purity of the final product. 

Synthesis of a Triazacrown Ether 

Triazacrown ether 12: has an excellent complexing ability for 

Cu2+ and has been immobilized on silica gel by Lindoy.[27] Since a 

detailed experimental procedure was not provided,['^^''^^l the 

synthesis of triazacrown ether 29. was developed (Scheme 4). 
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Synthesis of I 4-bis(2'-formvlphenvl)-l .4-dioxabutane (28). 

l ,4-Bis(2'-formylphenyl)-l ,4-dioxabutane (21) was prepared by 

condensation of salicylaldehyde and 1,2-dibromoethane under basic 

conditions. The reaction was conducted with four times the amounts 

H-N N-H 

V - N - ^ 
H 29 

2) NaBH4^ Borax 

Scheme 4 

of reagents and solvents reported,[^4] and the yield was increased 

from the reported 40% to 57%. Recovery of additional product from 

the mother liquor was the key to increasing the yield. The reported 

workup procedure was altered by dissolving the crude product in 

dichloromethane and rinsing with water to remove unreacted 

salicylaldehyde. The dried organic layer was eluted with 

dichloromethane through a short column of alumina to obtain the 

pure product. 

Synthesis 1.12.15-triaza-3.4.9.10-dibenzo-5.8-

dioxacvcloheptadecane (29). Triazacrown ether 2£ was prepared by 

the typical condensation reaction of dialdehyde 28. with the two 
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primary amine groups of diethylenetriamine to form the Shiffs base 

followed by reduction. The synthesis was conducted with a doubling 

of the amounts of reagents and solvents reported[4^1 with an 

increased yield of 53% (40% was reported). The reduction was 

quenched by adding water very slowly. The crude product was 

extracted with chloroform and precipitated by diethyl ether. The 

purification was performed by recrystallization from a mixture of 

chloroform and diethyl ether. 

Evaluation of Lindoy's Immobilization Method and 
the Selection of the Size of Silica Gel 

Lindoy's method (Scheme 5) for immobilization of triazacrown 

ether 29. on silica gel was followed and examined to evaluate this 

method of attaching an azacrown ether to silica gel. All reaction 

conditions were the same as reported, except for the use of 20 mesh, 

20-50 mesh and 60-200 mesh silica gels instead of 5 îm size silica 

gel. The coarser silica gels would be more appropriate for use in 

practical metal ion separations. 

The results for each reaction step shown in Scheme 5 are as 

follows: 1) The starting weight of 10.0 grams of silica gel increased 

to 11.35 grams after silylation; 2) No net weight increase occurred 

after the end-capping reaction; and 3) A net weight decrease 

occurred for the coupling reaction of triazacrown ether 22. with the 

modified silica gel. 
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It is proposed that a different structure for the modified silica 

gel, as shown in Figure 17, could explain these unexpected results. It 

is postulated that all the -OH groups on the surface of silica gel were 

silylated by (3-chloropropyl)trimethoxysilane in the first reaction 

step, leaving no free -OH groups for the second end-capping reaction 

and producing no net weight increase after that reaction. Resultant 

steric congestion makes the coupling reaction of triazacrown ether 29 

inefficient. 

A certain amount of -OH groups on the surface of silica gel is 

required for immobilization of ligands. Since all of the -OH groups on 

the surface of silica gel are expected to react with (3-chloropropyl)-
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trimethoxysilane (10) or trimethylchlorosilane (11), some control 

reactions of 10. and H with three different sizes of silica gel were 

performed to estimate the amount of -OH groups on their surfaces by 

the net weight increase. According to the proposed mechanism A of 

silylation, each -OH group on silica gel adds a Si(0)CH2CH2CH2Cl 

moiety and loses one H, so the molecular weight increase is 120 for 

each -OH group after reaction with 10. By the same reasoning, each 

-OH group adds a (CH3)3Si moiety and loses one H, so the molecular 

weight increase for each -OH group is 72 after reaction with H . The 

calculated amounts of -OH groups (columns 4 and 5 in Table 4) from 

the results of the different reactions (columns 2 and 3 in Table 4) 

shown in Table 4 were consistent. In both cases the calculated 

mmoles of -OH groups increase as the sizes of the silica gel particles 

decrease. However, steric hindrance was found to be significant in 
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binding of bulky organosilanes to silica gel surface (The results in 

column 5 of Table 4 are smaller than the corresponding ones in 

column 4). 

Table 4. Net Weight Increase after Control Silylation 
Reactions and Estimation of the Amount of -OH 
Groups on the Surface of Each Gram of Three 
Different Sizes of Silica Gel 

size of 
silica 
gjel 

(10.0 g) 
mesh 

[11 

net weight 
increase 
after 
reaction 
with 10 

[21 

< 2 0 1.01 g 

20 -50 1.32 g 

6 0 - 2 0 0 1.35 g 

net weight calculated calculated 
increase 
after 
reaction 
with 11 

[3] 

0.41 g 

0.58 g 

0.62 g 

mmols of OH mmols of OH 
per gram of per gram of 
silica gel silica gel 
(data from [21) (data from 131) 

[41 [51 

0.838 

1.090 

1.120 

0.569 

0.810 

0.861 

If the coupling reaction of the spacer to the macrocycle 

proceeded first and the attachment reaction to the silica gel followed, 

then only coupled spacers would be present on the surface of the 

silica gel with no unreacted spacers to cause potential steric 

hindrance. The limited amount of -OH groups on the silica gel 

surface would nearly be consumed in the attachment reaction and 

end-capping reaction would not be necessary. As long as the coupled 

ligand or coupled crown ether products of the coupling reaction has 

three intact methoxy groups on the other end of the spacer, their 
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next silylation reaction will go easily and efficiently. Therefore, 

another route to attach azacrown ethers to silica gel was explored. 

Synthesis of Coupled Azacrown Ethers 

An alternative method for immobilization of azacrown ethers 

was patterned after one used by Carpino to covalently bind 

piperazine to silica gel. The synthetic approach was to prepare 

monoazacrown ethers 3 1 and 3.8. first and then couple them with one 

end of the spacer group. This retains the other end of the spacer for 

attachment to the silica gel (Scheme 6). The procedures for the 
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synthesis of monoaza-15-crown-5 (32) and monoaza-18-crown-6 

(38.) were adapted from those reported by Gokel and coworkers.["^6] 

It was found that at the beginning of cyclization reaction, the mineral 

oil which protects NaH should be removed as completely as possible 

by washing with hexane. Otherwise, mineral oil is difficult to 

separate from the intermediates and products. It was also found 

that the crude N-benzylmonoaza-15-crown-5 (35) and N-benzyl-

monoazal8-crown-6 (36) should be passed through a short alumina 

column with hexane as eluent for purification. An impurity which 

formed a sticky oily material in hexane remained on the top of the 

column. These slight changes in the reported procedure for the 

benzyl-protected monoazacrowns made it easier to obtain the pure 

monoazacrown ethers 37. and 38. 

Synthesis of N-r3-(trimethoxysilyl)propyl]monoaza-15-crown-5 

(37) and N-r3-(trimethoxysilyl)propyl]monoaza-18-crown-6 (38). 

Monoaza-15-crown-5 (37) and monoaza-18-crown-6 (38.) were 

coupled with (3-chloropropyl)trimethoxysilane in toluene to form the 

modified monoazacrown ethers 40. and 4_1 in yields of 56% and 72%, 

respectively. The coupling reaction is an S N 2 reaction of a secondary 

amine with a primary alkyl chloride. The reaction rate was fairly 

slow, so five equivalents of (3-chloropropyl)trimethoxysilane were 

used to facilitate the reaction. The hindered, non-nucleophilic base 

diisopropylethylamine (39.) was added to absorb the by-product HCl 

by formation of an insoluble amine salt. Refluxing of the reaction 

mixtures for 72 hours consumed all of the monoazacrown ether and a 
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white precipitate was observed upon cooling the reaction mixture. 

The 1 H NMR of the precipitate showed all peaks shifted downfield 

from those of diisopropylethylamine with the addition of a new peak 

at 6 8.9 for the proton of diisopropylethylammonium chloride. The 

toluene, excess diisopropylethylamine, and (3-chloropropyl)-

trimethoxysilane were removed from the filtrate by high vacuum 

distillation. There were obvious changes in the chemical shifts of the 

-SiCH2-CH2-CH2- absorptions in 1 H NMR spectrum of the product 

from those of (3-chloropropyl)trimethoxysilane (10). It was difficult 

to remove all the excess unreacted chloride 10 from the product 

even when the oily product was diluted with dichloromethane and 

evaporated in vacuo three times. Since there are enough silanol 

groups on the surface of the silica gel, this small amount of chloride 

3.9. should not affect the attachment reaction of the functionalized 

monoaza-15-crown-5 40. or the functionalized monoaza-18-crown-6 

41 to the silica gel, even if chloride 10 itself becomes attached to the 

silica gel. From ^H NMR spectra, the three methoxy groups on the 

other end of coupled compounds 4(1 and 41. were still intact, which 

indicates that they can be used in the next attachment reaction. 

This exciting result encouraged further study of the feasibility 

of coupling di- and tri-azacrowns with spacer 3.9.. Piperazine was 

used as an model for the diazacrown ethers because they both have 

two symmetrical secondary NH groups. Carpino's coupling procedure 

was adapted with slight modification (see Experimental section). 
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Synthesis of l-(trimethoxvsilvl)-3-rN-1.12.15-triaza-3.4.9.10-

dibenzo-5.8-dioxacycloheptadecane (42). Following a similar 

procedure to the improved Carpino's, triazacrown ether 29. was 

coupled with (3-chloropropyl)trimethoxysilane (Scheme 7). The 

excess triazacrown ether 29. precipitated along with the 

diisopropylethylamine hydrochloride. The former compound 

dissolves in dichloromethane and the latter in water. In this way, 

the residual triazacrown ether can be recovered easily. The ^H NMR 

spectrum of compound 4 2 showed that the three methoxy groups on 

one end of the spacer remain intact which indicates that they can be 

used for attachment to silica gel. This attachment reaction was not 

tried to perform due to insufficient time. The structure of 4 2 needs 

to be further proved, because spacer 10 could be coupled to the 

other nitrogen on compound 29. 

(CH30)3SiCH2CH2CH2Cl 
10 

^~ 

(iPr)2EtN, Toluene 
39 

(CH30)3SiCH2CH2CH^ 

42 H 
N—^N-V 

Scheme 7 
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Immobilization of Monoaza-15-crown-5 and 
Monoaza-18-crown-6 on Silica Gel 

Reactions of l-(trimethoxysilyl)-3-(N-monoaza 15-crown-

5)propane (40) and l-(trimethoxysilyl)-3-(N-monoaza-18-crown-

6)propane (41) with silica gel. The attachment reaction was easy and 

almost quantitative. Activated silica gel [̂ 7̂] ^vas employed (Scheme 

8). The coupled crown ether was dissolved in chloroform at room 

temperature and the solution was mixed with the activated silica gel. 

The mixture was swirled occasionally to distribute the coupled crown 

ether evenly on the surface of silica gel. After the chloroform was 

evaporated in vacuo, the silica gel was heated at high temperature 

under high vacuum which could force the formation of covalent 

bonds between the silanol groups and the trimethoxy groups. 

-OH + L O 
(CH30)3SiCH2CH2CH2—N ^ J > 

n=l ,40 
—OH 

n=2,4i 

Chloroform 

Heat 

t^O' 

- o ^ L, o 
^̂  SiCH2CH2CH2 j ^ 

N > oV 

n= 1,43 
n = 2,44 

Scheme 8 
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Except for some mineral oil, which was carried forward from the 

cyclization reaction for forming N-benzylmono-azacrown ethers, 

nothing was washed out from the attached silica gel by toluene, 

methanol, ethanol and water rinsings after the attachment reaction. 

The 10:1 ratio (10 g of activated silica gel : 1 g of coupled monoaza

crown ether) is not a maximum ratio. Kasprzyk[48] obtained the 

same good result when 5:1 ratio was used. As mentioned before, 

there are two arguments about the mechanism of silylation. If water 

were present in the attachment reaction, the first mechanism 

(procedure A) would be followed which would also give high 

attachment efficiency. 

Conclusion 

After reviewing several strategies for immobilizing ligands on 

silica gel, a simple but important rule was discovered. For the 

coupling reaction and attachment reaction on each end of the spacer, 

the reaction sequence should be: The Difficult Reaction Goes First . 

In the case that the coupling reaction is more difficult than the 

attachment reaction and the latter heterogeneous reaction goes first, 

then the uncoupled spacer, which already has one end bound will 

become less active. This causes the next coupling reaction to be more 

difficult and the yield decreases. On the other hand, if the coupling 

reaction (homogeneous reaction) goes first, then the active spacer can 

couple with the azacrown ether more readily and the yield of the 

coupling reaction becomes higher. Also the attachment will be facile. 
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In this way, there will be no any hindered, uncoupled spacers on the 

surface of the silica gel. Thus mono-, di-, and triazacrown ethers, can 

be attached to reasonably coarse silica gel for industrial applications 

Such systems have potential value for concentrating cations present 

at the nanogram-per-milliliter level, making their analysis by 

conventional procedures possible, and in selectively removing either 

wanted or unwanted metal cations from solutions in which they are 

present in the milligram-per-milliliter to the nanogram-per-milliliter 

range. 

The chemistry of chelating resins and ion exchangers continues 

to develop. This development is dependent on the design and 

synthesis of new ligands, mainly in the range of low stability 

complex formation, and on the synthesis and design of new matrices. 

From a practical point of view, all the reaction steps must be 

carefully chosen to obtain the highest possible yields and minimize 

the absorption of residues which can affect the behaviour of the 

resin. For all these reasons, the chemist can no longer use empirical 

methods; a strategy has to be adopted. However, the substantial 

progress already made encourages further research and the 

realization of "tailor-made" exchangers is perhaps not very far away. 
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CHAPTER III 

EXPERIMENTAL PROCEDURE 

General 

Melting points were determined on a Fisher-Johns melting 

point apparatus and are uncorrected. Proton nuclear magnetic 

resonance (^H NMR) spectra were obtained with an IBM AF-200 

spectrometer. The chemical shifts are expressed in parts per million 

(ppm) downfield from tetramethylsilane. Splitting patterns are 

indicated as s, singlet; d, doublet; t, triplet; q, quartet; m, multiplet; 

br, broad peak. Infrared (IR) spectra were obtained on either a 

Nicolet MX-S FT-IR or a Perkin-Elmer Model 1600 FT-IR 

spectrophotometer . 

All starting materials were reagent grade and used as received 

from chemical suppliers. Dry solvents were prepared as follows: 

pyridine was dried over KOH pellets; acetonitrile (MeCN) was dried 

over 4A molecular sieves; tetrahydrofuran (THF) was distilled from 

LiAlH4 and sodium metal. 

Thin layer chromatography (TLC) was performed on either 

Analtech Alumina GF or Silica GF Uniplates. The plates were 

precoated with 250 t̂m layers of silica gel or alumina. Column 

chromatography was performed with either alumina (80-200 mesh) 

or silica gel (60-200 mesh ) from Fisher Scientific. Radial chromato

graphy was performed on a Harrison Research Chromatotron model 

46 
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7924T using Silica Gel 60 PF254 with gypsum from EM Science. 

Elemental analyses were performed by Desert Analytics of Tucson, 

Arizona. 

sym-Ketodibenzo-16-crown-5 (14). sym-Hydroxydibenzo-16-

crown-5 (13) (30.0 g, 0.0867 mol) was dissolved in 600 mL of 

acetone and the solution was stirred with a mechanical stirrer in an 

ice bath. Jones reagent (90 mL, prepared by addition of 20.7 mL of 

concentrated H2SO4 to 24.03 g of CrOs followed by enough H2O to give 

90 mL total volume) was added over a period of 1.5 h. The ice bath 

was removed and after stirring for 2 h, the reaction mixture 

consisted of a tan liquid and a green precipitate. The tan liquid was 

filtered with the aid of Celite and the green precipitate was washed 

with acetone (2 x 30 mL). As the acetone was removed in vacuo 

from the combined filtrate and washings, the crude product started 

to precipitate. Dichloromethane (300 mL) was added to dissolve the 

solid residue. The dichloromethane solution was dried over MgS04 

and the crude product was purified by chromatography on silica gel 

with a dichloromethane-ethyl acetate gradient as eluent. Slow 

elution gave the best separation. Most of the solvent from the eluent 

was evaporated in vacuo and the white product precipitated when 

diethyl ether was added dropwise. After filtration, 17.02 g (56.1%) 

of white product with mp 152-153 °C (lit.[37] mp 138-139 °C) was 

obtained. IR (deposit) 1741 (C=0), 1251 (C-0) c m l . IH NMR (CDCI3) 

6 3.85-4.10 (m, 8H), 4.90 (s, 4H), 6.95 (m, 8H). 
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sym-(Decyl)hydroxydibenzo-16-crown-5 (15). To magnesium 

turnings (1.68 g, 0.115 mol) in 240 ml of THF under nitrogen, 1-

bromodecane (15.27 g, 0.115 mol) was added and the reaction 

mixture was refluxed until the magnesium disappeared. sym-

Ketodibenzo-16-crown-5 (M) (12.0 g, 0.0348 mol) dissolved in 180 

mL of THF was added dropwise after the solution was cooled to room 

temperature. The reaction solution was refluxed for 3 h then stirred 

overnight at room temperature. Aqueous NH4CI solution (180 mL, 

5%) was added at room temperature to acidify the reaction mixture. 

After stirring for 2 h, the THF was evaporated in vacuo and the 

residue was extracted with dichloromethane (300 mL). The 

dichloromethane solution was dried over MgS04 and the solvent was 

removed in vacuo. The resulting white solid was stirred with 600 

mL of pentane for 1 h and filtered to yield 15.51 g (91.4%) of white 

solid with mp 96-97 °C (lit.[38] mp 82-83 °C). IR (deposit) 3451 (OH), 

1251 (C-0) cm-1. IH NMR (CDCL3) 6 0.90 (s, 3H), 1.27 (s, 16H), 1.90 (t, 

2H), 3.25 (s, IH), 3.90-4.10 (m, 8H), 4.20-4.30 (m, 4H), 6.90-7.10 (m, 

8H). 

Sodium 3-rsym-(decyl)dibenzo-16-crown-5-oxylpropane 

sulfonate (16). NaH (0.65 g, 60% dispersion in mineral oil) was 

placed in a 500 mL round bottomed flask and washed with pentane 

(3 X 20 mL). sym-(Decyl)(hydroxy)-dibenzo-16-crown-5 (15.) (5.02 

g, 10.0 mmol) dissolved in 50 mL of THF was added to the flask. 

After 20 min, 1,3-propanesultone (1.55 g, 13.0 mmol) in 10 mL of 

THF was added to the flask dropwise and the reaction mixture was 



4 9 
stirred for at least 2.5 h at room temperature. The reaction mixture 

was filtered and the precipitate was washed repeatedly by refluxing 

with 500 mL of hexane for 1 h and decanting of the hexane. The 

mixture was filtered and 5.70 g of an off-white solid was obtained. 

The crude product was decolorized with Norit A charcoal (0.8 g) and 

5.62 g (86.3%) of product 16. with mp 157-159 °C was obtained. IR 

(deposit) 1254 (C-0), 1216, 1044 (SO3) cm-1. I H NMR (CDCI3) 5 0.85-

0.91 (t, 3H), 1.27 (s, 16H), 2.03 (t, 2H), 2.08 (t, 2H), 3.05-3.11 (t, 2H), 

3.74-4.32 (m, 12H), 4.69-4.79 (t, 2H), 6.85-6.97 (m, 8H). 

Analysis calculated for C32H47Na09S: C, 60.94, H, 7.51. Found: C, 

60.60, H, 7.47. 

3-rsym-(Decyl)dibenzo-16-crown-5-oxy]propanesulfonic acid 

(17). Sodium 3-[sym-(decyl)dibenzo-16-crown-5-oxy]propane-

sulfonate (16) (5.40 g, 8.79 mmol) was dissolved in 60 mL of CHCI3. 

The CHCI3 solution was shaken with 6N HCl (3 x 60 mL) and dried 

over MgS04. The solvent was evaporated in vacuo to give 4.10 g 

(78.7%) of the product as an oil. IR (deposit) 3385 (OH), 1254 (C-0), 

1216, 1044 (SO3) cm -1. 

1.3-Bis(2-hydroxvphenoxy)propane (18.). Catechol (220 g, 2.0 

mol) and 1,3-dibromopropane (222.2 g, 1.1 mol) were placed in a 3 

L, three-necked, round bottomed flask equipped with a mechanical 

stirrer, thermometer, addition funnel and nitrogen purge. The 

mixture was heated with stirring to 120 °C at which temperature the 

catechol melted to form a homogeneous solution. Sodium hydroxide 

solution (85 g of NaOH and 85 g of H2O) was added dropwise during 
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2-3 h and the reaction solution was allowed to stir overnight (ca. 16 

h) at 120 °C. Hot water (1 L) was then added and the mixture was 

refluxed with stirring for 30 min followed by cooling to room 

temperature. After decanting the water layer, the yellow-brown 

colored precipitate was washed with hot water (3 x 1 L) to dissolve 

the unreacted catechol in the water layer. The washed precipitate 

was dissolved in 1 L of dichloromethane with heating and mechanical 

stirring in a 3 L, three-necked, round-bottomed flask. The solution 

was dried with MgS04 and the filtrate was passed through a column 

of 500 g of silica gel with dichloromethane as eluent. Most of the 

dark brown impurities remained on the column. After evaporation 

of the dichloromethane in vacuo, the white residue was crystallized 

from 500 mL of benzene to obtain 80-90 g (33-37%) of l,3-bis(2-

hydroxyphenoxy)propane ( H ) with mp 128-129 °C (lit.[37] mp 130-

131 °C). An additional 10-20 g of 18 could be obtained by 

concentrating the mother liquor and recrystallizing the resultant 

solid with methanol. IR (deposit) 3310 (0-H), 1267 (C-0) cm-1. I H 

NMR (CDCI3) 5 2.30 (t, 2H), 2.22-2.29 (t, 4H), 5.60 (s, 2H), 6.95-7.92 

(m, 8H). 

sym-Hydroxydibenzo-14-crown-4 (19). A mixture of diphenol 

18 (16.0 g, 0.060 mol ), LiOH (2.84 g, 0.134 mol), THF (300 ml ) and 

H2O (500 ml) was stirred under nitrogen at 50 °C. Epichlorohydrin 

(4.8 mL, 0.060 mol) was added over a period of 3 h. Upon 

completion of the addition, the reaction mixture was stirred at 50 °C 

for 12 h. After a subsequent addition of 2.84 g of LiOH (0.134 mol), 
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epichlorohydrin (4.8 ml, 0.060 mol) was added over 3 h and the 

reaction mixture was stirred for another 12 h at 50 °C. The pH of the 

reaction mixture was adjusted to 9-10 with LiOH and another portion 

of epichlorohydrin (2.4 mL, 0.030 mol) was slowly added. The 

reaction mixture was stirred for another 12 h at 50 °C. The reaction 

mixture was cooled to room temperature and the THF was 

evaporated in vacuo. The crude product precipitated in the water 

layer and was filtered. The crude product was dissolved in 

dichloromethane. The organic solution was washed with water twice 

and dried over MgS04. The organic solution containing product was 

loaded on a short silica gel column (packed with diethyl ether) and 

eluted with ethyl acetate. With a very slow flow rate, the product 

could be separated from both a small amount of polymeric material 

and from unreacted diphenol J_8.. The ethyl acetate was evaporated 

in vacuo and 8.40 g (43%) of 19 was obtained as a white solid with 

mp 141-142 °C (lit [41] mp 153-154 °C). If any diphenol was still 

present, the product was further purified by recrystallization with 

acetone. IR (KBr) 3580-3100 (0-H), 1275 (C-0) cm-^. iH NMR (CDCI3) 

6 2.29 (t, 2H), 2.90 (s, IH), 4.23-4.32 (m, 9H), 6.87-6.99 (m, 8H) 

sym-Vinylidenedibenzo-14-crown-4 (23) (Method A). 

Diphenol 18. (5.88 g, 0.0277 mol) was added to 150 mL of dried 

MeCN containing 15.25 g (0.047 mol) of CS2CO3 and the mixture was 

brought to reflux. To the mixture was added a solution of 3-chloro-

2-chloromethyl-l-propene (3.93 mL, 4.00 g, 0.032 mol) in 50 mL of 

MeCN during 31 h. After reaction for 3 d, the mixture was cooled 
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and 3N KOH (150 mL) was added. The aqueous mixture was 

extracted with dichloromethane (3 x 150 mL) and the combined 

extracts were dried over MgS04. The solution was passed through a 

short alumina column (packed with dichloromethane) eluting with a 

dichloromethane and chloroform (1:1) gradient system to give 8.13 g 

(71%) of the product which solidified in the refrigerator or under 

high vacuum at room temperature. The product was refluxed with 

50 mL of hexane for 5 min but did not dissolve. The solution was 

cooled to 40 °C and boiling dichloromethane was added dropwise 

until most of the solid dissolved. An oily impurity, which was the 

[2+2] product, remained on the bottom of the beaker. The solution 

was decanted from the oil and evaporated in vacuo to give a white 

solid with mp 89-90 °C (lit [40] mp 94-95 °C). IR (KBr) 1593 (C=C), 

1251 (C-0), 1050 (C=C) cm-1. I H NMR (CDCI3) 5 2.12-2.31 (m, 2H), 

4.03-4.25 (m, 4H), 4.55-4.70 (m, 4H), 5.26-5.39 (m, 2H), 6.34-7.22 

(m, 8H). 

sym-Vinylidenedibenzo-14-crown-4 (23) (Method B). Diphenol 

18 (8.1 g, 0.030 mol) was dissolved under nitrogen in a solution of 

420 mL of 1-BuOH and 18 mL of H2O at 90 °C. To this solution, NaOH 

(2.4 g, 0.060 mol) was added. After stirring for 1 h (or until the 

diphenol dissolved), a solution of 3-chloro-2-chloromethyl-l-

propene (3.75 g, 0.030 mol) in 30 mL of 1-BuOH was added 

dropwise. The mixture was stirred at 90-95 °C for 24 h and 

evaporated in vacuo. To the residue, 200 mL of H2O was added and 

the aqueous phase was acidified with 6N HCl to pH=l and extracted 
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with CIICI3 (3 X 200 mL). The combined CHCI3 layers were washed 

with H2O (2 X 200 mL), dried over MgS04 and evaporated in vacuo. 

The residue was chromatographed on alumina with dichloromethane 

as eluent. A white solid, 7.14 g (76.2%) with mp 94-95 °C (lit.[40] mp 

94-95 °C) was obtained. IR (KBr) 1593 (C=C), 1251 (C-0), 1050 (C-0) 

cm-1. I H NMR (CDCI3) 6 2.17-2.31 (m, 2H), 4.22-4.27 (m, 4H), 4.71 (s, 

4H), 5.40 (s, 2H), 6.87-7.25 (m, 8H). 

sym-Ketodibenzo-14-crown-4 (21). To a solution of crown 

ether alcohol 19. (5.10 g, 0.0162 mol) in 450 mL of acetone, 21 mL of 

Jones reagent was added dropwise under nitrogen during 1.5 h in an 

ice bath-cooled, three-necked, round-bottomed 1000 mL flask 

equipped with a mechanical stirrer. After stirring for an additional 2 

h at room temperature, the liquid phase which contained the product 

was decanted and the green precipitate was washed with acetone (2 

X 50 mL). The combined acetone solutions were partially evaporated 

in vacuo . Water was added to turbidity and the mixture was placed 

in a refrigerator overnight. The creamy precipitate that formed was 

filtered to afford about 4.5 g (wet) of product as the hydrated form 

of 16. After recrystallizing twice from aqueous acetone, a colorless 

solid with mp 94-96 °C (lit.[40] mp 94-96 °C) was obtained. ^H NMR 

(CDCI3) 6 2.17 (s, 2H), 2.30-2.32 (m, 2H), 4.15-4.27 (t, 4H), 5.04 (s, 

4H), 6.86-7.07 (m, 8H). 

The hydrated form 16. was dried in vacuo with heating at 100 

°C in an oil bath overnight to give 2.83 g (55.8%) of ketone 17 as a 
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brown oil. IR (neat): 1730 c m l (C=0). iH NMR (CDCI3) 5 2.30-2.32 

(m, 2H), 4.15-4.27 (t, 4H), 5.04 (s, 4H), 6.86-7.07 (m, 8H). 

sym-(Phenyl)(hydroxy)dibenzo-14-crown-4 (22). Magnesium 

turnings (0.48 g, 0.020 mmol) were added under nitrogen to 70 mL 

of THF containing bromobenzene (3.11 g, 0.020 mol). The mixture 

was refluxed for 3 h until all of the magnesium disappeared, sym-

Ketodibenzo-14-crown-4 (21) (2.83 g, 0.090 mol) in 55 mL of THF 

was added dropwise at room temperature. The mixture was refluxed 

for 4 h and then stirred at room temperature overnight. Aqueous 

NH4CI solution (56 ml, 5%) was added and the mixture was stirred for 

4 h. The THF was evaporated in vacuo and the residue was extracted 

with dichloromethane. The dichloromethane solution was dried over 

M g S 0 4 and evaporated in vacuo. The resultant oil was stirred with 

50 mL of hexane for 2 h and the crude solid product was filtered. 

TLC on alumina with dichloromethane and ethyl acetate as eluent 

showed three spots. A white solid 1.70 g (48%) with mp 135-136 °C 

(lit [38] mp 72-74 °C) was obtained by radial chromatography on an 

alumina plate with dichloromethane then dichloromethane-ethyl 

acetate as eluents. IR (KBr) 3440 (0-H), 1250, 1135 (CO) cm-i. ^H 

NMR (CDCl3)6 2.12-2.34 (m, IH), 2.30-2.60 (m, IH), 4.10-4.50 (m, 

4H), 4.06-4.57 (double triplet, 4H), 6.82-6.96 (m, 8H), 7.31-7.47 (m, 

3H), 7.64-7.66 (m, 2H). 

Analysis calculated for C24H24O5O.75H2O: C, 71.01; H, 6.37. 

Found: C, 71.36; H, 6.15. 
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Bis[2,(4 or 5)-tert-huryl-2-hvdroxvphenoxv)ethyll ether (27). 

To a solution of 4-t-butyl catechol 200.0 g (1.2 mol) in 1 L of 1-

butanol under nitrogen, a cold solution of NaOH (36.0 g) dissolved in 

100 mL of H2O was added. The mixture was heated to reflux, then 

31.7 g (0.22 mol) of bis-(2-chloroethyl ether) was added during 5 h. 

The reaction mixture was refluxed for 7 d. The solvent was 

evaporated in vacuo and the dark residue was extracted with 1 L of 

dichloromethane. The dichloromethane solution was washed with 1 

N NaOH (4 x 400 mL) followed by distilled water (3 x 300 mL) and 

then dried over MgS04. The dichloromethane was evaporated jji 

vacuo and the residue was recrystallized twice with methanol to give 

36.32 g (40.7%) of an off-white solid with mp 88-90 °C (lit.[43] mp 

52-55 °C). IR (deposit) 3580-3100 (OH) cm-1. I H NMR (CDCI3) 5 1.25 

(s, 18H), 3.46-3.95 (m, 4H), 3.95-4.20 (m, 4H), 6.66-7.04 (m, 6H), 

7.54 (br s, 2H). 

1.4-Bis(2'-formylphenyl)-1.4-dioxabutane (28). To 

salicylaldehyde (97.6 g, 0.80 mol) dissolved in ethanol (80 mL) was 

added sodium hydroxide (32.0 g, 0.80 mol) in water (1.6 L) at 0 °C. 

The mixture was warmed to 25 °C and 1,2-dibromoethane (73.6 g, 

0.40 mol) was added slowly. The minimum amount of ethanol (ca. 

1000 mL) to produce a homogeneous solution was then added. The 

solution was refluxed under nitrogen for 60 h or inore until TLC on 

silica gel with dichloromethane as eluent showed all of the 

salicylaldehyde was consumed. The solution was cooled in an ice 

bath and allowed to stand in the ice bath. The cream-colored 
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crystals which formed were filtered and washed with water. The 

crystals were dissolved in dichloromethane and the dichloromethane 

solution was washed with water and dried over MgS04. The solution 

was rinsed through a short column of alumina with dichloromethane-

ethyl acetate (10:1) as eluent. The product 28 (61.07 g, 56.5%) with 

mp 132-134 °C (lit.[44] mp 129 °C) was obtained as white crystals. 

I H NMR (CDCl3)5 4.51-4.53 (s, 4H), 7.04-7.12 (m, 4H), 7.53-7.62 (m, 

2H), 7.82-7.87 (m, 2H), 10.44 (s, 2H) 

1.12.15-Triaza-3.4.9.10-dibenzo-5.8-dioxacycloheptadecane 

(29). Diethylene triamine (11.92 g, 0.115 mol) dissolved in methanol 

(40 mL) was added during 1 h to a stirred refluxing solution of 1,4-

bis(2'-formylphenyl)-l,4-dioxabutane (28.) (27.0 g, 0.10 mol) in 1.4 L 

of methanol. The solution was refluxed for an additional 30 min then 

filtered and allowed to cool. Sodium tetrahydroborate (16.0 g, 0.42 

mol) followed by 2.0 g of borax were added slowly. The volume of 

the reaction solution was then reduced to 300 mL in vacuo. The 

solution was cooled to room temperature. Water (800 mL) was 

slowly added and an oil separated. The oil was extracted with 

chloroform (3 x 200 mL) and the combined chloroform extracts were 

dried over MgS04 and evaporated to 100 mL j a v a c u o . Diethyl ether 

was slowly added to precipitate a white solid. The solid, 28.34 g 

(52.5%) with mp 158-162 °C, was recrystallized from a chloroform-

diethyl ether mixture. 1 H NMR (CDCI3) 5 2.54-2.71 (m, IIH), 3.79 (s, 

4 H), 4.38 (s, 4H), 6.88-6.95 (m, 4H), 7.18-7.30 (m, 4H). 
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l-(Trimethoxysilyl)-3-(N-monoaza-15-crown-5)propane (40). 

To a solution of monoaza-15-crown-5 (31) (2.03 g, 9.30 mmol) and 

diisopropylethylamine (1.32 g, 10.0 mmol) in 10 mL of hot toluene 

(anhydrous, dried over Na) was added in one portion 9.21 g (46.0 

mmol) of (3-chloropropyl)trimethoxysilane (10). The mixture was 

refluxed for more than 60 h under nitrogen until TLC showed that all 

of the monoaza-15-crown-5 was consumed. White needle crystals 

could be seen after cooling the reaction mixture. The white 

precipitate was filtered and washed with cold anhydrous toluene. 

The toluene, residual diisopropylethylamine and (3-chloropropyl)-

trimethoxysilane were removed by high vacuum distillation. 

Dichloromethane (10 mL) was added to dilute the residue and the 

remaining (3-chloropropyl)trimethoxysilane was pumped off under 

high vacuum. This chloride removal step was repeated until the iH 

NMR spectrum indicated that there were no or negligible 

SiCH2CH2CH2 peaks at 5 0.9 and 8 1.9 (they should shift to 6 0.6 and 5 

1.5, respectively). An oily product (3.53 g, 56.6%) was obtained. IR 

(deposit) 1093 (Si-0) c m l IH NMR (CDCI3) 5 0.55-0.63 (t, 2H), 1.47-

1.63 (m, 2H), 2.42-2.51 (t, 2H), 2.72-2.81 (t, 4H) 3.43-3.56 (m, 9H), 

3.60-3.91 (m, 16H). 

l -(Trimethoxysilvl)-3-(N-monoaza-18-crown-6)propane (41). 

To a solution of 2.70 g (10.0 mmol) of monoaza-18-crown-6 (18.) and 

1.46 g (11.0 mmol) of diisopropylethylamine in 10 mL of hot toluene 

(anhydrous, dried over Na) was added in one portion 10.20 g (50.0 

mmol) of (3-chloropropyl)trimethoxysilane. The mixture was 
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refluxed for more than 60 h under nitrogen, until TLC showed that 

all of the monoaza-18-crown-6 was consumed. White needle crystals 

were seen after cooling the reaction mixture. The white precipitate 

was filtered and washed with cold anhydrous toluene. The toluene, 

residual diisopropylethylamine and (3-chloropropyl)trimethoxy-

silane were removed by high vacuum distillation. Dichloromethane 

(10 mL) was added to dilute the residue and aid in the removal of 

remaining (3-chloropropyl)trimethoxysilane under high vacuum. 

This chloride removal step was repeated until the ^H NMR spectrum 

indicated that there were no or negligible -SiCH2CH2CH2 peaks at 6 

0.9 and 5 1.9 (they should shift to 6 0.6 and 5 1.5, respectively). An 

oily product (3.15 g, 72.2%) was obtained. IR (deposit) 1090 (Si-0) 

cm-1. I H NMR (CDCI3) 5 0.54-0.60 (t, 2H), 1.56-1.59 (m, 2H), 2.48-

2.56 (t, 2H), 2.69-2.85 (m, 4H),3.51-3.54 (m, 9H) 3.56-3.99 (m, 20H). 

1-(Trimethoxysilyl)-3-(l-piperazyl)propane (12). To a solution 

of anhydrous piperazine (12.9 g, 0.15 mol) and diisopropylethyl

amine (6.5 g, 0.05 mol) in 45 mL of hot toluene was added in one 

portion (3-chloropropyl)trimethoxysilane (10) (9.99 g, 0.05 mol). A 

precipitate began to separate at once. The mixture was refluxed for 

8 h under nitrogen, cooled in a refrigerator for 9 h, and filtered to 

remove part of the excess piperazine along with precipitated amine 

hydrochlorides. The filtrate was washed with diethyl ether to 

precipitate excess piperazine. After filtration, removal of the toluene 

and diethyl ether in vacuo, followed by distillation under high 

vacuum (95 °C at 0.3 mm), gave 5.40 g (44.0%) of colorless liquid 
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product. IH NMR (CDCI3) 8 0.50 (br t, 2H ), 1.45 (m, 3H), 2.25 (m, 6H), 

2.75 (m, 4H), 3.50 (s, 9H). 

l-(Trimethoxysilyl)-3-(N-l. l2.15-triHZH-3.4.9.l0-dihenzo-5.8-

dioxacycloheptadecane (42). To a solution of triazacrown ether 29 

(5.12 g, 15.0 mmol) and diisopropylethylamine (0.646 g, 33.0 mmol) 

in 10 mL of hot (ca. 60 °C) toluene was added in one portion 3-

(chloropropyl)trimethoxysilane (0.99 g, 5.0 mmol). The mixture was 

refluxed for 20 h under nitrogen and cooled in a refrigerator for 5 h. 

The mixture was filtered to remove the excess triazacrown along 

with the precipitated amine hydrochlorides. The filtered material 

was dissolved in dichloromethane and washed with water. Excess 

triazacrown ether 29. could be recovered from the dichloromethane 

layer. The toluene solution was evaporated under high vacuum. The 

residue was washed by diethyl ether and filtered. The filtered 

material was dried to give 1.78 g (71.0%) of the desired product. ^H 

NMR (CDCI3) 5 0.50 (br t, 2H ), 1.58 (m, 211), 2.30-2.80 (m, 12H), 3.50 

(s, 9H), 3.77 (s, 4H), 4.39 (s, 4H), 6.80-7.40 (m, 8H). 

Reaction of 3-(chloropropyl)trimethoxysilane with silica gel. 

Silica gel (60-200 mesh, 20-60 mesh, or less than 20 mesh) was 

suspended in toluene (80 mL) containing distilled water (2 mL) and 

the mixture was gently stirred for 4 h with a mechanical stirrer. To 

the stirred suspension (3-chloropropyl)trimethoxysilane (11 mL) was 

added and the mixture was refluxed (ca. 90 °C) for 6 h under 

nitrogen. Most of the solvent was removed by distillation in vacuo. 

The residue was heated at 150 °C under nitrogen for 5 h then 
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washed with methanol (100 mL) and ethanol (80 mL), dried in vacuo 

overnight and weighed. 

Reaction of l-(trimethoxysilyl)-3-(N-monoaza-15-crown-

5)propane(40) and l-(trimethoxysilyl)-3-(N-monoaza-18-6)propane 

(41) with silica gel. Compound 40. (1.00 g) was dissolved in 20 mL of 

chloroform and 10.0 g of activated [47] silica gel (60-200 mesh) was 

added. The mixture was swirled occasionally and, after 1 h, the 

chloroform was evaporated in vacuo. The silica gel was heated at 

150 °C under high vacuum for 12 h and was washed with toluene, 

ethanol, methanol and water, sequentially (80 mL each). After 

evaporation of the washing solvent, the iH NMR spectra of the 

residues showed monoaza-15-crown-5 (37) and compound 40. to be 

absent. The modified silica gel weighed 10.76 g which showed that 

0.227 mmol of monoaza-15-crown-5 was attached for each gram of 

modified silica gel. 

For compound 4 1 , the same procedure was followed and 10.70 

g of modified silica gel was obtained which showed that 0.284 mmol 

of monoaza-18-crown-6 was attached for each gram of modified 

silica gel. 
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