CHAPTER I

INTRODUCTION
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A considerable amount of research involving synthetic macrocycles
has been directed towards the preparation of model compounds for the natural
macrocycles. The resultant development of new macrocyclic ligand chemistry
has provided a valuable background against which the natural systems can
often be seen in clearer perspective. Macrocyclic compounds have properties
to bind with metal [1] and the stability and specificity of macrocyclic ligands
with metal ion or other guests dcpend on some important properties of the
ligand [2] such as:

clic compound such as
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Xa compounds) and sulfur
3. The oxidationiuml 12¢ @ ' on or other guests
4. Steric hindsfin

5. Solvent effeg
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In fact, the large more flexible than the

small ones becau 6“__:*3” notcover, i i stability constant of
complexation relies on 0 est with ligand such as

ion-dipole and charge-m‘duc,ed dipole [3] Each type of macrocyclic compound

is different in ﬂwa‘?% %wq ﬂ‘g“ulecmﬂ example is

crown ether, sofie types have a yuee dunensmnal ring angJalso consist of

dtffcreu erﬁq I‘T m;ymﬂw adgirge complex

moleculessuch as cyclop clodextrin and calixarene.



Crown Ether

Crown ethers are macrocyclic compounds of two dimensions, having

oxygen donors in the ring to complex with ion or other guests (Figure 1.1).

A typical prop 4’_' ' s the ability to form stable
complexes with alkali metals#nd alkalit metals, Prior to the synthesis
‘ 1etal ions with organic

ed the ability of some

of the crowns, the ¢ V i
ligands had received ve
crown ethers to form cnq;plcxes with alkah metal ions which, in certain cases,

e stable a0 1) 2465 4y o compiess o

range of non-trafisition metal ions ‘but tend to bind less stron qgl}r' to transition
et o TR FOE A TR B s me
ten oxygen atoms tended to form the most stable complexes and complexes
with some or all of the following metal ions were isolated: Li’ , Na’, K', Rb’,
Cs', Ag’, Ca™, Si*, Ba®, Cd*, Hg” Le&*, TI", C¢* and Pb*. In such
compounds, the ether-oxygen interactions with the metal cation were

considered to be essentially electrostatic. Complexes with many other ions
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have been characterized. Crystalline 1:1 (metal : ligand), 1:2 and 2:3
complexes as well as species of their stoichiometry have all been isolated and
the X-ray structures have been studied as shown in Figure 1.2 and 1.3.

Figure 1.2 X-ray structuse'® RbNC 5 cortiplex of dibenzo-18-crown-6 [5]

Complexation

\Z
J;

Complexation between dibenzo-18-crown-6 with [PtCl,P(CH3);NHs] [7]

Figure 1.3 The complexation between other guest molecules with crown

ethers B B —
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Apart from metal ions, many of these polyether compounds also
exhibit complexing ability for a range of other inorganic and organic cations as
well as for a variety of neutral molecules. Some examples are shown in Figure
1.3. Complexes such as these, which contain species incorporate in the
macrocyclic cavity, are usually known as inclusion complexes; the general area
covering the binding of all types of substrates in molecular cavities often being

referred to as host-guest chemistry.

Mixed-donor Crown Ether |

——

Mixed-donor crom own.ethers incorporating other

heteroatom types besids le most common heteroatom
(other than oxygen) in g ‘a*\ they are thia-derivatives.
When the nitrogen groups rgpléc S in the crown polyethers
they have been called ™ aga-€rown Exe iples of “these two derivatives are

presented in Figure 1.4.
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Complexation between aza-crown and guest is interesting due to

intermediate complexation properties between all oxygen crowns, which
strongly complex alkali and alkaline earth metal ions, and all nitrogen cyclams
which strongly bind heavy metal cations. These mixed complexation properties
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make the aza-crowns important as synthetic receptors in molecular recognition
process [8]. In addition, the aza-crowns are important intermediates for the
synthesis of cryptands (for diaza-crown). There are a number of interesting
uses of aza-crowns as catalysts in nucleophilic substitution and oxidation

reactions [9, 10].

Cryptands

cave). The metal compg ,‘- e called cryptates. The

development of such sy nce to the field of polyether
metal-ion chemistry ary Iy large number of studies
involving such speci€s : parent series of cryptands

may be represented by

sentative parent series of cryptands
Estimated cavity
diameter (A)
1.0
1.6
2.2
2.8

aﬂaﬁ

3:3:3 4.8

Figure 1.5  The representative parent series of cryptands



The assignment for common names to cryptands is done by counting
number of oxygen atoms in each chain [12] as shown above. Not only the
simple types above but also macrotricyclic ligands (a) and (b) (Figure 1.6) may
be synthesized by multistep high-dilution procedures [13]. They contain
spherical cavities which are able to accommodate suitable guests whether they

be cationic, neutral or anionic.

Both of these cages form complex with alkali and alkaline earth ions.
In particular, the caesium co | is especially stable, compared to other

complexes of this ion.

17 X
Figure 1.6 Examplﬁ,o . clic cryy m.

The %g{;ﬂ@%%%\ With a ange of metal ions,

provided the iof involved is not too large togc contained in,the macrocyclic

cavity. ‘a mmﬂ Wﬁ:@@% %bﬁ}[ﬂh&]ﬂlﬁ metal ion

normally tesides in the central cavity of such ligands. The X-ray structure of

the Rb" complex of 1:1:1 is shown in Figure 1.7 [14].



Cryptate com -' of transition and other heavy

metal ions has been inv cryptands also form stable

complexes with the lantiis .-:.- \ \ cycllc ligand (a) in Figure

1.6 also forms a comple latter is arranged in the

s rnn a";-y
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cavity such that there @ppee o e A tr e .r | array of hydrogen bonds

formed between the ammoniur "i’ 4 nd the nitrogen donor sites of the
cage. The ether oxygens ak 5 act clectrostatically with the
central (charge) ni .;ﬁ? as partly protonated to
acidic form, it has bcﬁ show m@cule in the cavity, Figure
1.8 (c). In other stuél it has b shown that both tetraprotonated

macrnmcychcﬂ%sﬂﬁ%ﬂow %W@p}ﬂﬁs with halide anions

[13]. The chlofide complexes of:both cages are quite stab e, with the lug K
s QA FEH SR B Yy B i
for chloride over bromide. The commodation of a spherical halide anion by the
tetrahedral bonding arrangement is illustrated by Figure 1.8 (d). The iodide ion
(radius 3.57A) is too large for the cavities of these cages. Similarly, the larger
polyatomic anions NO;", CF3’, ClO, and RCOO" are not included.
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For a large cagghgSy fhe fully' ¢ \ mated macrotricyclic ligand (d)
17]. It is interesting that,
1es the cavity shape. This
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Figure 1.9  The complexation between azide anion with cryptand
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Cyclophanes

Cyclophanes are large-ring compounds incroporating benzene nuclei
in the rings. In one sense, the cyclophanes may be considered to be a further
category of the cavitands since the aromatic rings impart rigidity to the overall
cyclic structure. In 1955, cyclophane derivative of type (e) (Figure 1.10); (with
n = 3 or 4) were described [18]. After recrystallization from benzene or
dioxane, these species crystalliz

adducts are formed, it is d \\.‘v

/- ducts of these solvents, Once such

imovCahe solvent and it was concluded

guests. In accord with

similar complexes with 4
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A large number of related inclusion complexes are now known.
Heterocyclophane (f) (Figure 1.10) is also water soluble and presents a
rectangular hydrophobic cavity to an incoming guest. This derivative forms 1:1
molecular complexes with CHCls, CH,Cl,, CH,BrCl or CH;CN [19].
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Cyclodextrins

Cyclodextrins, of which cyclohexaamylase in Figure 1.11 is an
example, are natural cyclic oligosaccharides and were first isolated in 189]
[20] from the action of amylase of Bacillus macerans on starch and related
compounds. The family of cyclodextrins consists of from six to twelve a-1,4-

linked D-glucose units and are approximately doughnut shaped. Nevertheless,

they are not perfectly cylindrigal but/ argf somewhat distorted towards a cone,
==e0mposed of six, seven and eight

-

eyclodextrins, respectively.

Figure 1.1 An cXprptes

)

The interior of Lach cavity eontains C-H groups, none of the

hydroxyls miﬂﬂtulﬂﬂmsﬂlﬁw :ﬂﬂlﬁ@ increases with the

number of glucose units in the ring and, for gxample, in a-gyclodextrin it is
about 4.5, Wﬂ?liﬂlﬂ ﬂ@m %Mlﬂsl}glm Haa &Jlt molecular
complexesd of the cyclodextrins may be isolated as crystalline solid: for
example, a crystalline complex is obtained with iodine (which resembles the
well known blue complex between iodine and starch), as well as with a large
number of other inorganic and organic guests. For strong complexation, the

guest molecule should fit the cavity well. The attachment of a metal jon to a
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functionalized cyclodextrin was carried out in order to provide a model for
substrate binding in metalloenzymes. One system investigated is the
adamantan-2-one-1-carboxylate adduct of the zinc-containing f-cyclodextrin
derivative contain Zn(II) in Figure 1.12 [21].

Figure 1.12  The fCyclbdé:

The hydrolysi€ ¢
provided an early example S th etal-capped cyclodextrin as a

skel derivative in Figure 1.13

catalyst (show here as its p= ign complex) [22].

Figure 1.13 The hydrolysis of esters by the nickel derivative
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A number of other ‘structurally developed’ cyclodextrins have been
synthesized. For example, hosts containing two hydrophobic binding sites
called ‘duplex’ cyclodextrins, such as that containing either a- or g
cyclodextrins (Figure 1.14) have been prepared for use in catalytic studies
[23].

Nevertheless;
ability to modify cyclod

depend to a large part on the
ructuring of the guest in the
binding sites is engendered.

Calixarene V—— 7

J 0

Recently, chepusts have he e interested in a new class of

s o4 RN S G st b

class is calixaréfles. Calixarenes are macmcyc]es made up‘t}(' phenolic units

meta-h@Wﬁ ‘Eiw wq@ﬂﬂ@@@ basket-shape

cavities. The name “calixarene” has been given by Gutsche [24] because of the

resemblance of the four-membered ring with a chalice (in Greek : calix). The

suffix “arene” indicates the represent of aryl rings in the molecular framework.
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ned, 567,48, R Calz[ 4] arena
Figure 1.15  General fofmulis 8F¢:
In 'Wmm:. racted much interest
because of their uniq s En be prepared from para-

substituted phenols and fonnaldehydc ch are commercially available at a

e i A4 Y i o

selectively acciding to I'EEGUDI} cundmnns (2) Cal:xarges have cyclic
oo QUIORA T HY PRI G o o
functionalized host molecules. (3) Calixarenes have several-size n-rich cavities
for including guest compounds. Table 1.2 shows the comparison of three
representative host molecules [25], and calixarene has the advantage of
complexation with both ionic and neutral guests compared with other two host
molecules. Moreover, as described above, calixarene seems to be easy to
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derivatize to the more functionalized host molecules. These facts consistently
suggest that host-guest chemistry using calixarene and their derivatives can

develop the new area of supramolecular chemistry.

Table 1.2 Comparison of three representative host molecules

Cyclodextrin Crown ether Calixarene
Systematic change in the ring size 0 O
Large-scale preparation | (8] O
Spectroscopic transparency 0 X
Neutrality under workin,ry : (9] A
Optical-activity A A
Synthetic access to derivaj X o] o
Functions as ionophores . 0 8]
Functions as cavity-sha X (0]

satisfies requirement; A denotes that the
requirement can be easily -.‘-:"..'., siplemedification; X denotes that it is especially

—

7
For s;;cci he 7 e,@c intercalculates between
brackets a number o phenolic units c%nstituting the calixarene. The most
a

useful way t wq:ww %W%ﬁﬁjcaﬁx[&]mnc is to

condense formdltehyde onto p—s%]:stiruted plgnol in the presence of a base.
Conly N AP AR AN o >
[6]arene % calix[4]arene. The base-catalyzed condensation of p-alkylphenols
(alkyl is isopropyl or fert-butyl) leads predominantly to the formation of

calixarenes with an even number of phenolic units along with oxa-calixarenes
(Figure 1.16).
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Figure 1.16 Pmdué't' o51¢ fconld ~. -Ierf-butylphﬂ-nn] with
formaldel '

i 9\
Because of thic SRof uf- : n their molecular structure,

calixarenes are good ca emical systems involved in

supramolecular chemistry. Thiss; Shicinical W difications have been investigated

to give calixarenes new pre ility ip. water, improved ability

in complexation, g0n three reacting sites:

I
i¥

- reactions of hxdmxy] groups

'”“ﬂ‘%ﬁi’@%ﬂi‘w gIN3

- reactidils of methylene bridges
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Because calixarene are made up of phenolic units, the reactions of

hydroxyl groups are usually those performed on phenols [26].
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Calix[4]arenes

Calix[4]arenes are one type of calixarenes and they are very useful
building blocks as receptors for cations [27], anions [28] and neutral molecules
[29]. The introduction of bulky substituents at the lower rim of the calixarene
prevents the interconversion among the four possible stereoisomers (cone,

partial cone, 1,2-alternate and 1,3-alternate) in Figure 1.17 [30].

cone @l ﬁgﬂﬁﬁw%ﬂ EI\VI %Aﬁ-aglerﬁaﬁ ‘i 1,3-alternate
o QI HRARTRISNAIN Y10 Y

By choosing the reaction conditions, the control of the stereochemistry

has been achieved especially in alkylation reactions.
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Chemically Modified Calix[4]arenes for Host-guest Chemistry

Calix[4]arenes are readily converted into a wide variety of derivatives
at the lower rim by alkylation of the phenolic groups. This type of chemical
modification was first introduced by Gustche as part of his study of
conformational change in calix[4]arenes and since then it has been used widely
by several groups to produce deriatives with pendant ether [31], carboxylate

[32], ester [33], amide [34] { oups. The vast majority of these
modified calixarenes exi Mation in which the mutually syn
pendant groups possess 4 g--':::v eorganisation and define the
boundaries of a hydropLali€ . shitabls eception. Indeed, the most

=s¢ molecules is their ability to bind
selectively alkali and alkaling girth inside the cavity. Although less
f[6]arenes and calix[8]arenes
also possess receptor properiies for seleted inorganic and organic cations [36].

Calix[4]arenes” a é T ! ed at the 1,3-difunctional hydoxyl
groups at the lower rim SEN orm is the most appropriate form
for preorganisation of potent [

s e— Y

, )

0 0
AR INYNTNYAN

' {}ssible the synthesis of

. ” e 2
several mixed ligz Freceptor:

Figure 1.18  Chemical modification of calix[4]arenes at the 1,3-

dihydroxyl group at lower rim
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After modification, some calix[4]arene derivatives can complex with
guests selectively. Calix[4]arene-crown-5 [37] is one example of this model,
being 1,3-distal capping of calix[4]arene at lower rim. The superiority of this
calix[4]arene ether over crown ether is ascribed to the ionophoric cavity size
exactly fit to the size of Na" and to the rigid calix[4]arene skeleton supporting
the cavities (Figure 1.19).

In 1994, Sai ”—' , Figure 1.20, were
synthesized. Alkali aﬂ alke itions a.r%&ery poorly extracted by
ligands (g-k). However, :]u: better cxtracv of Li" and Na" ions with ligand (i)

may be explmﬂjuﬁe’ar%W@Wﬁ’};ﬁg‘g which is due to an

additional carbol that allows the shain to ado opt a more convenient geometry
o o), O VU AT 1118 1 5 i e
extracted ‘ore efficiently, Heavy metal cations are extracted with ligand (g),
with higher preference for Pb** ion. In the lanthanide series, there is an
extraction selectivity for Nd** and Eu®" ions with (h) and for Eu®* with (i).
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Not only the exa t 1,3-distal capping of calix[4]

arenes at lower rim were a P pang moieties to yield calix-

salophane crown i*""““"""““""““""‘"—‘f‘ eutral molecules [39].

These hosts are hi DO} (them us¢lul as carriers for urea in

4

supported liquid membr%nes. Funhmmnr%)‘hey have a phenolic group on either

e of e i ) | A ) o e coporion o

functional groupk either as additignal bindingites for the ﬂl})strate molecule

e ARIRENIHANRAEL 10 Y
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Figure 1.21  Calix salophat

Moreover, the

x4 )& a been displa ed in double-calix-crown
form in Figure 1.22. This ie 13-altérmate,conformation and can complex
with potassium and rlibig . f opmi; ‘1 complex in deuterated
chloroform [40). All the fesullts wéie 4de ed for'by locating the metal cation

in the central cavity of the po f‘{{_s. eptor.

2T %
e \‘.‘I g

Figure 1.22  Double-calix-crown
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For anionic guest species, Beer and co-workers synthesized a
calixarene derivative that could bind with anionic guest, This ligand is a novel
bis-calix[4]arene receptor (Figure 1.23) in which the upper rim of one calix[4]
arene moiety is covalently liked via amide bonds to the lower rim of another in
head to tail fashion [41]. This ligand can form 1:1 stoichiometric solution
complexes with various anions, with an order of magnitude selectivity
deference for fluoride over chloride, Relatively much weaker complexes were
ay be attributable to anion size.

I )
Figure 1.23 A novel Jseutral fluoride,gnion selective bis-calix[4]arene

A48 1N TN
AU INYAE
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Reason for Undertaking This Study

Eventhough the development in host-guest chemistry of calix[4]arenes
towards cationic guests has progressed rapidly, the study of anionic
complexation of such molecules is not as extensive. Only a few reports on such
subject have been discussed. It is the intention of this study to synthesize anion

receptors and to investigate their anion complexation properties. The anionic

Schiff-base derivatives [38}« The numbtof positive sites on the calix[4]arene
will be varied to give Gifferent cali @ 4 and 5 sites, and the
complexing ability with tral anion) and CO;” (basic

anion) will be studie conclude the anionic guest
chemistry of such azagro / d 4 '.\- es. The results of this
study should lead to an agpligagon for an >pa 'nnin the future,

ﬂﬂﬂ’lﬂ&lﬂﬁwmﬂ‘i
QW’WMH‘E&J AN Y
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