CHAPTER I
INTRODUCTION

1.1 The Importance of Transition Metals and Their Compounds

Among over 115 eleme \Xl!% earth, transition metals, as it well

known, cover more than Of;,’lll in the modern periodic table.
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1.1.3 Biologically, although transition metal ions occur in trace scale in living bodies,
they are indispensable components in oxygen transporters and metalloenzymes that
control and regulate biological functions. Iron, the most abundant heavy metallic
element in organisms, is a center core of two well-known oxygen carriers,
hemoglobin and myoglobin, in warm-blooded animals. In contrast, arthropods and

mollusks use copper containing proteins like hemerythrin and hemocyanin to uptake

gportant enzymes such as carbonic
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1.2 Concepts of Supramolecular Chemistry

Supramolecular chemistry becomes one of the most rapidly expanded fields in
modern che,mistry.18 The knowledge from this enchanting topic can be applied to
enormous diversities of chemical systems especially the production of molecular
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b.) interactional complemantarities, i.e. presence of complementarity binding
sites in the suitable disposition on a substrate and a receptor;

c.) large contact area between molecules of a receptor and a substrate:

d.) multiple interaction sites due to weak intermolecular interactions;

e.) strong overall bindings.'®



Studies of molecular recognition require suitable molecular receptors to
specifically interact with many substrates. Molecular receptors are clearly defined as
organic structures held by covalent bonds, that are able to bind ionic or molecular
substrates by means of intermolecular interactions, leading to an assembly of two or

more species. Excellent molecular receptor is one that can bind a particular substrate
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1.4 Calixarenes
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become one of the most attractive building blocks in supramolecular chemistry. They

n calixarenes have a number of phenol groups either 4, 6 or

can be modified to gain numerous types of molecular receptors by many chemical
reactions. The modification can be introduced at oxygen atom (that called ‘lower
rim’), methylene bridge carbon or para position of aromatic ring (which named
‘upper rim’).2328-30 Among the calixarene family, calix[4]arene is the smallest
member and served as the most popular building block in syntheses of new

compounds which have high selectivity towards ionic and neutral molecules. It is



known that unmodified calix[4]arene exists in ‘cone’ conformation due to its strong
intramolecular hydrogen bonding. However, chemically modified calix[4]arene can
adopt other conformations as * partial cone’, ‘1,2-alternate’ and ‘1,3-alternate’. All
four conformations of calix[4]arene can be immobilized in only one of them by
different reaction condition. Determination of conformational differences should be

deduced from '"H-NMR spectra becaus
31-32

ach isomer has its unique methylene proton
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Figure 1.1 Conformational i isomers of cahx[4]arene
1.5 Calq(are :]L Meculglldeceptors for?ransmon Metal Ions **

Modified calixarenes that play, as highly selective host molecules for
transition metal ions have been less studied in comparison with the others for binding
with alkali and alikaline earth metal ions. The major reason may be less importance in

biological functions. Main proposes of metal ions complexations are as follows:



a) to afford, both electrochemical and photochemical, chemosensors that
have high sensitivity towards ions.

b) to develop new classes of extractants for treatment of toxic and radioactive
metal ions.

c) to obtain new potential catalysts in homogeneous or heterogeneous

systems.

High selectivity and hig complexes of transition metals are

depend on several factors; si le geometry of the complex and
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1.5.2.1 Calixarenes containing phosphorous donors

Phosphorous(III) is a versatile donor atom in both coordination
chemistry and organometallic chemistry. It can bind both moderately hard and soft
transition metals, especially ones on second and third rows. Moreover, complexes

containing phosphorous ligands are ea

11 studied by *'P-NMR spectroscopy that
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In 1999, tetraphenylphosphine calix[4]arene was synthesized and its
binding ability with Au® ion was investigated.” Among the addition of [AuCI(THT)]
(THT = tetrahydrothiophene), this ligand can form mononuclear, binuclear and
tetranuclear species of AuCl-complexes depended on concentration of added Au(l)
compounds. Each Au” jon bound directly to phosphorous atom cooperated with

chloride ion as another ligand and the geometry around Au* center in the complex is



distorted linear. In order to determine the stability constant of each complex. UV-
spectrophotometric titration was employed to calculate the formation constant for
each step at 25 °C. In the first step, the stability constant for monogold complexes was

log B1 = 4.4 £ 0.2 while the addition of the second AuCl fragment gave log B, = 7.0

* 0.7. The tetranuclear species which dominated the equilibrium mixture at high

molar ratios of [AuCIl(THT)) was form‘c) Ilth log Bs=14.5+2.0.
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was synthesized via reaction between diphenylphosphino lithium with its alkyl

Figure 1.2  a) A m

chloride derivative.*® This phosphine bearing calix[4]arene formed organometallic
compounds with Ru and Rh that containing 7 ligands as p-cymene and norbornadiene,
respectively. The rhodium complex of this compound (Figure 1.3b) catalyzed the
styrene hydroformylation in the presence of NEt; and gave a high regioselectivity for
the branched aldehyde to the linear chain aldehyde at ratio of 91:9 with the turnover
frequency of 31 mol of alkene/mol of Ri/hour. This high selectivity and activity that



observed in the rhodium complex suggested that the rert-butyl group inhibited the

substrate from entering through the cavity.

Figure 1.3

1.5.2.2 th rene ligands with O and S donor atoms
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Célixarene-derived re%eptor contalnmg oxygen donor atoms have
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lanthanide; ions ess, some oxygen bearing functional groups have been
attached to calixarenes and exhibit binding ability towards some transition metal ions.
Tetrasubstituted hydroxamic acid-derived calix[4]arene (Figure 1.4a) was chosen as
extractant for some metal ions such as Cu?*, Co>*, Fe**, Zn** and Ni***” It was
functionalized with triethoxysilane groups and immobilized on silica and XAD-4
resin to prepare compact cartridges. These materials were employed for extraction of
metal ions from aqueous phase to chloroform. Calix[4]arene-modified materials

showed high percentage of Fe**, Pb** and Cu** uptakes at pH lower than 5.0. At pH
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higher than 8.0, other cations such as Co”*, Ni** and Zn>* were quantitatively
extracted to the chloroform phase. These materials may be useful for the
preconcentration of cations from an aqueous sample.

Attachment of fluorescent chromophores such as anthracene and

pyrene to hydroxamate group leading to a metal ion sensory system.**™" Frédéric
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Figure 1.4  a) Structure of a triethoxysilane derivative of tetrahydroxamic
calix[4]arene
b) Structure of a dipyrenyl hydroxamate calix[4]arene fluorescent

sensor
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On the other hand. soft donor atoms such as sulfur are more suitable
for heavy metals and precious metals bindings than oxygen. Several lower rim sulfur
functionalized calix[4]arenes have been designed by Roundhill and his colleagues. o
The goal of these studies is to obtain novel high selective extractors for toxic heavy
metal separation. Studies of extractability of tetrathiocarbamoyl p-tert-butylcalix[4]
arene and tetramethylthioethoxy p-rert-
AES technique showed that the -\ ﬁy] derivative was an effective

extractant for Au’* and Pd** but not or Pt** while the tetramercapto-

butylcalix[4]arene (Figure 1.5) using an ICP-

ethoxy-p-tert-butylcalix|[ @tive for Pd™" but could
quantitatively extracted A s phase to _the chloroform phase. If rert-
butyl groups were removeg \\\ Au’* was not changed but
Pd** selectivity was cdsed. Facto \ ed the heavy metal selectivity
were expected to be ion ffect and kinetic inertness

of each ion. *’
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Figure 1.5 Structures of lower rim sulfur-derivatized p-rert-butylcalix[4]arenes
a) A tetrathiocarbamoyl p-tert-butylcalix[4]arene
b) A tetramethylthioethoxy p-tert-butylcalix[4]arene
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1.5.2.3 Calixarene derivatives bearing nitrogen donors

Due to the principle of Hard-Soft Acids —Bases,” nitrogen containing
functional groups are classified as borderline bases. So, these donor groups prefer to
bind borderline metal ions such as the first row divalent transition metal ions, Pb>*,

Sn** and Sb**. Functionalizations of calixarenes for binding borderline ions are able to

”)functional groups are both aliphatic
Z.

In 1995, scribed ¢ method of bis(triazanonane)

operate both at upper rim and

and aromatic amines.

calix[4]arene. After the a ”J H\Q,\o and recrystalliazation, X-ray
uclez (

crystallographic data sho g / _ """'\' with three 1,1 end-on-

bonded azide briges ki : conforma of calix[4]arene framework
was cone and two ni ighs 4pg ‘&es sed distorte ahedral geometry. In addition,
this complex displayed an xagnetic beh: . This result was quite strange

because 1,1-bridge nickel ¢ omagnetic properties.>’

Figure 1.6 1) A dinuclear Ni(II) complex of bis(triazanonane) calix[4]arene
2) Structure of Schiff base p-tert-butylcalix[4]arenes
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In order to combine good characteristic of crown ethers to nitrogen
donor calix[4]arene, three 1,3-Schiff base p-tert-butylcalix[4]arenes (Figure 1.6(2))
were synthesized from condensation between 1,3-dialdehyde derivative with primary
diamines.®! Preliminary binding properties of these Schiff base calix[4]arenes were
tested by solvent extraction of numerous picrate salts into dichloromethane in neutral
condition. Alkali and alkaline earth metal cations were absolutely poorly extracted.

However, Fe2+ Cu** and some 1 ch as Nd** and Eu** were extracted

more efficiently. Furthermor: aza crown calix{4]arene bearing

three carbons bridge was dy by 'H-NMR spectroscopy.
The titration curve in

itrati i (M and 1 to metal ratio until complete
addition of 6 equivalents . | solution. reached equilibrium after 26

days with a total formatio ‘l/complex econd formation constants

Nitrogen ket S - ‘ ‘ ine and 2,2"-bithiazole have
also been attached to calix }l 11 to afford fluorescent sensors
yridine) functionalized calix[4]

arenes were able to form stable LT%'

LB T

il fannlg&results were also mgé of 2,2’-bipyridine was
replaced by 2,2’-bithiazole group.”™ ™ T
bipyridine and b1th1azogpodand '
provide tetrahedral geometry-that matched with'Cu” ion.

[ﬁi’eu"ﬂ’ %m&% @M‘&Jﬂ"} nidonors fragments to

obtain other kmdi‘lof transition metal receptor. Intr&iuctlon of oneoF two bipyridine

onis RN ST B IT M HIEI MoV R rection

give novelbipyridyl-based calix[4]arene podands.”' These derivatives were studied as

o ligand ratio complexes with Cu*

suggested that both

vailable to ﬂarrange their molecules to

ligand for Co®* complexation. 'H-NMR and X-ray crystallographic data indicated that
Co™ complexes were in tetrahedral geometry and coordinating to the bipyridine
podands and two chloride ions. The ORTEP diagram of a Co** monobipyridine calix

[4]arene complex were shown in Figure 1.8.



14

R| =R2=H;R3= 1%
R, = CH,-6-(Me-6"-bif = CH,-py
R;=R;=R;3=FE
Rl = Rz = CHz-py
Figure 1.7  Structures of ' 3 ,2"-bithiazole functionalized

calix[4]arenes

Figure 1.8  The ORTEP diagram of a Co** monobipyridine calix[4]arene complex
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1.6 Measurement of Binding Constant: Potentiometric Titration’>"

The thermodynamic stability of a metal-macrocycle complex in a given
solvent is guaged by measurement of the binding constant, K. Consider the

equilibrium constant for the reaction between a metal, M, and a ligand, L, in a solvent,

,/ ™ + n(solv)

solv (ignoring activity effect):

M(@
O (unit: dm® mol™! or, M~ )
R

R\"
Thus a large binding élé;é \ oh equilibrium concentration

of bound metal, and hen€e aing \\
If a sequential process i olv%ﬁf' v .\ nore than one metal ion is

involved, the two K values may be measured: & n \
i _._',;; ;
M(solv),,m‘f !__, | ML™ + n(solv)

i ey

omplex.

‘J n(solv)

o

M(solv},
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In these ciﬂumstances a stepvgse binding constant Bi2 may defined for the

" RWIANN I 19117 VlEJ']ﬂ d

Biz = K xKp

- [MpL (m)+ ]

[MmLn]
or more generally, Pmn = [M]m[L]n

Magnitudes of binding constants can vary widely, so they are often reported as log K,

hence:

log Bi2 = log (K11 x Ki5) = log Ky + log K}»
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The subscript numbers in stepwise binding constant notation refer to the ratio of one
complexing partner to another. Thus in a multistep process, the association of the host
with the first guest might be denoted as K, while the association of the resulting 1:1
complex with a further guest to produce a 1:2 complex has an equilibrium constant
K\ etc. Furthermore, because binding constants are thermodynamic parameters, they

are related to the free energy of the issociation process according to the Gibbs
equation: AG® = -RTInK. Ther ‘i#} affinity of a host for a guest under
specific conditions (solventii ’ ri p tc.) may be given either in terms

of K or -AG® values. —— —
onstan S

In principle, binding

_ by any experiment technique
that can afford informatiofi abbuf fie cc entrat complex as a function of
| thods used for this propose.
The main techniques -visible spectrophotometry,
fluorescent titration and.$ tentiometric titration is the
most convenient and widely e loypggi_th ‘ ine the binding constants.

is the host molecule must be

susceptible to protonation. This implics

S e =.';‘ e

ost ligands, which can be studied by

-

e, functional groups like

potentiometric method, have to provide protc
amines or carboxylic:a¢ids. The protonati nd-Hence pK, values) may be

determined readily usij:

-electro& to follow an acid-base

titration. Addition of a #netal cation will gperturb the host molecule basicity by

competition wxﬂ%ﬁrrfaemnﬂ lmﬁgﬂﬂafm ﬁn affect the shape of

the titration curves. Stability constants for the Jetal complexation reactions are

QIR TREFIDEURNAFIIE VR Roe compurer

program (&.g. program such as MINIQUAD* or SUPERQUAD).



17

1.7 Objectives and Scope of this research

The main goals of this research are to develop the new synthetic procedure for
preparation of cryptand-like tetraaza crown calix[4]arene derivatives, 6a and 6b
(Figure 1.8) and investigate their binding properties towards some transition metal

ions. In addition, we have tried to the possible way that may lead to the

application of these receptors ¢ sors for metal ions when there is a
suitable chromophore attachée g;ks. Both 6a and 6b are in cone
conformation and provided four nitrogen dowat served to bind cations via
ion-dipole interaction. Th ation studies of these compounds
with Co**, Cu** and Zn*, ans of potentiometric titration.

The results of this reseai¢h sl ' Ve h rmatxon about their binding
abilities towards firs jalent transitio; " - ations. The effect of size and

shape of host molecule S T " _ _ 17 o1 1 also be obtained.

2

6a 6b

Figure 1.9  Structures of cryptand-like tetraaza crown p-tert-butylcalix[4]arenes
6a and 6b
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