CHAPTER III

RESULTS AND DISCUSSION

3.1 Design Concept

It is known that tetraethylene glycol dimethyl ether (glyme), polyethylene
glycol and their ethers are one of the most versatile building blocks suitable for
attaching receptors or sensory u it onl of their terminals. Binding with metal

compels the conformation chang b . 02 appended receptors or signaling

erefore, these systems are of
E—

ications in molecular switches,

considerable interest
molecular sensors, mo

2 or thiourea moieties at both of
3N functional receptors or/and
allosteric switches. \ ization of highly flexible

acyclic crown ether m linear crown ether to

&

pseudocyclic crown eth xation with an alkali metal ion. According to

the desired property, suita (% picties should be preorganized in the

system for binding anion via h drogen bonding
= )

Thus, ligands
moieties, p-nitrophé .‘m ioure
both terminals of the Edan :
case of ligand 5a. Ligg 5b, contaimna'p-nitrophenyl thiourea moieties as a

chromophore,ﬂaueﬁnéa % ﬂmw‘zﬂlﬂ ﬂ %/-vis technique. We
i would ‘

expected that ligand show a naked sensing ability. The synthetic pathway is
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3.2 Synthesis and characterization of acyclic crown ether derivatives containing

attaching hexyl urea

¢_oicties, respectively at

ationy 'H-NMR titration for the

urea/thiourea moieties

3.2.1 Synthesis and characterization of 0-methoxy phenol (1a)
Phenol groups are very versatile functional groups for the synthesis of various
compounds. We have recently conversed pyrocatechole to o-methoxy phenol by using

a simple nucleophilic substitution reaction. The commercial pyrocatechol was reacted
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with iodomethane (1 equiv.) in the presence of anhydrous potassium carbonate as
based in dried acetronitrile yielding o-methoxy phenol as yellowish oil in 85% yield
after purification by silica gel column chromatography using dichloromethane as
eluent. The 'H-NMR spectrum of 1a showed singlet peak of the methoxy protons and
broad peak of the phenolic hydroxy proton at 3.87 and 5.70 ppm, respectively, with an

integral ratio of 3:1. It is thus in good agreement with the proposed structure.

' W 2-methoxy-6-nitrophenol (2a) and
4 ﬁ‘ started with electrophilic
A mild “condi was used for generating

group is a stronger activating
group on the stability of’ group, which influence on the
stability of arenium ion interniediz a he pars position more than the ortho and the
meta positions.*®
hydroxy proton at : drogen bonding between

nitro group and the adjacent of hydroxy group (ortho p

and the methoxy proton§ appeared at 7. 69 MZ an spectively, which shifted
more down ﬁﬁ u ﬁ ﬁ ﬁ

In the c e of 2b, the hydro group was in the para position with respect to
¥y & para posiion
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6.22 p ich was not able to form intramolecular hydrogen bonding with the

ion). The aromatic protons

opposite side of the nitro group. The aromatic protons and the methoxy protons
exhibited the same pattern as that of compound 2b which signals appeared at 7.93-
7.03 ppm and 4.04 ppm, respectively. EI mass spectra also supported the structure of
this compound showing an intense line at m/z 169 and elemental analysis was in good

agreement with the proposed structure.
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3.2.3 Synthesis and characterization of 3a

The synthesis of the compound 3a was to couple a unit of podand with 2-
methoxy-4-nitrophenol 2b together. One unit must have a good leaving group such as
toluenesulfonyl (TOS), Br and I. By using this strategy, we transformed two hydroxy
groups of tetracthylene glycol to tetraethylene glycol ditosylate and then coupling
with 2-methoxy-4nitrophenol 2b that had a stable protonation form of aryloxide ion,

which acted as a good nucleophile because of the para-detecting of nitro group.

The synthetic pathway . starte preparation of trtraethylene glycol
ditosylate by tosylation o© tetraethy %n the presence of 3 equiv. of

in dichloromethane at room

triethylamine and a catalys
temperature overnight.” spurification column chromatography using

dichloromethane as il\of te raethy ciie glycol ditosylate showed

¢ of two doublets aromatic

protons at 7.73 and 7+ O ppm of the tetracthylene glyc and two doublets and one

doublet of do m ﬂ) {w gl -4-nitrophenol moieties were
found at 7. gj) réover m protons and the
bridging glycoﬂé protons appeared @t 3.96 and 4,31-3.71 ppm. Elymass spectra also
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correspénd to the result of elemental analysis.

3.2.4 Synthesis and characterization of 4a

The reduction of nitro compounds to amine is very useful synthetic
transformation. In this case, we searched for a mind condition, selective reduction to
nitro groups, inexpensive reagents, a high yielding and a general method for this
transformation. Hydrazine and a hydrogenation catalyst have been selected for the

reduction of the nitro substitutions of 3a. The reaction was carried out by addition of
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hydrazine into a mixture of 3a in the presence of Raney nickel in a mixed solvent of
methanol/ethyl acetate to give yellow oil of 4a in quantitative yield.

The compound showed a very broad signal in 'H-NMR spectrum at 3.90 ppm
corresponding to the amine protons. Higher upfield shifts of the aromatic protons of
the compound compared to aromatic protons of compound 3a were increased due to

the shielding effect of the amine groups.

3.2.5 Synthesis and charz teriz / /. b p-mtrophenyl thioisocyanate
Qiethe reparatlon of thioisccyanate is to
react thiophosgene wit 0 aiy aminés to-gﬂﬁ-ﬂrothlofonnamlde (CICSNHR)

thiophosgene in CH,@ e Mpe; , re. S m. hydrogencarbonate were added

into the mixture fog tra : _ S from the reaction. After

with n-hexyl isocyahdte an : Nder nitrogen atmosphere.
Ligands 5a and Sc were obtained as white powder in-68% yield and 90% yield,
respectlvely The comE dundh4a was then aftéred to the final Soduct (ligand 5c¢) by
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to the amine proton at 3.90 ppm and the signals of the urea-NH protons were found
instead at 6.58 and 5.01 ppm, 10.19 and 10.10 ppm and 7.58 and 7.28 ppm,

yellow crystalline of

respectively. Mass spectra also supported the structure of the ligands 5a and 5b
showing signals at m/z 691.4 and 797.2. The elemental analysis result also agreed

with the purposed structure of 5a.
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Scheme 1 The synthetic pathway of all final products 5a, 5b and 5c¢
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3.3 The complexation studies of ligand 5a by using 'H-NMR titrations

3.3.1 Cation complxation studies

Ligand 5a contains ethylene glycol linkages, which have oxygen donor atoms
for binding alkaline metal ions like crown ether. Thus, complexation studies of ligand
Sa with alkaline metal ions such as Na" and K" were investigated for searching the

best of alkaline metal ions that were abl? to bind with ligand 5a for studying the effect

,/ﬂ toward anion binding ability (as

'H-NMR titrationssiudies-v ndthe absence and presence of
’ -H COSY and NOESY spectra,

metal ions. Peak assig
showed in Figure 3.17 ation on the structure of the

ir induced chemical shifts

\\ \ ed in Table 3.1.
AN

It changes at complexation with

metal complexes. T ey

on the formation of comiple

. (;
”*é

Table 3.1 Chemical shifts {ppm).

various cation complexes.

H, b3 OMe KmMH)™
ligand 5a Go70% 670 650 164 309X 05 373 -
5a.Na" 0. -0.21 -0.13 443
5a.K* 0.35 -0.08 0.10 -0 13 -0.15-0.16 -0.37 88

* Positive value shifts. All spectra were
recorded on a B )%I‘ ﬁ ﬁﬁn

** Association comtants are the average c} all ligand 5a, whlch exhibited sngmﬁcant complexation

'"““W"Wﬂﬁm UA1AINYAY

e Job’s plots of 5a.Na" and 5a.K" are symmetric and show a maximum the
mole fraction of guest at 0.5, which indicated a 1:1 guest-host stoichiometry as shown
in Figure 3.2. The association constants with alkali metal ions have been determined

by using EQNMR program*’ and are summarized in Table 3.1.
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In the case of Na”, all of the oxyethylene bridge protons and the methoxy
protons showed slightly upfield shifts (b1, A8 = 0.10; b2, AS = 0.19; b3, A5 =0.21 and
OMe, Ad = 0.13 ppm, respectively). The upfield shifts should be due to the aromatic
ring current. These results indicated that Na* bind oxygen atoms of the methoxy
moieties and the tetraethylene glycol unit. On the other hand, high magnetic field
shifts of the phenyl protons (Ha-He, A8 = 0.02-0.35 ppm) can be explained by

shielding due to stacking of the phenyl rings. This confirmed by the overlapping

between the aromatic protons dition of 1 equivalent of NaClOj.

Hence, the '"H-NMR data ob ‘ ge conformation changed of 5a

from non cyclic cro ‘to 'euwwn ether inducing during

complexation with Na".

A8(1-x) ppm

-

Figure 3.2 Job’s plom)f the complexaﬁon of Sa.Na+m\ the chemical shift of an

e NN NN

In the ' mNMR data, 5a.K" edmplex had assmaller upfield shift of protons on
the oxahw ’])@@ %ﬁw%%&] ‘} wuwa&& 0.15 and
A5 =0.1% ppm, respectively. Although the methoxy protons exhibited significant high
magnetic field shift A= 0.37 ppm. The aromatic proton Hy did not merge with
aromatic proton H¢ during addition of 1 equivalent of K*. This reflects the weak
T—T interactions between aromatic rings because the ionic radius of K* is probably
too large and not suitable for the glyme-5 moiety. This fact corresponds to the

complex formation constant for Na* that is 5 times higher than that of K",
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In summary, the preference for Na' suggested that cavity of pseudocyclic
formed was more complementary to the size of the Na" than to K" ion. Apparently,
this better fit dominates the expected higher bonding of hard Na" ion for hard oxygen
atoms. Finally, these results lead us to propose the structure of complexation between

ligand 5a with Na" as shown in Figure 3.3.

AULININTNEINS
PR TUAMINYAE
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3.3.2 Anion complexation studies

Ligand Sa also contains four urea NH groups designed as an anion binding
site via hydrogen bonding interactions. Association constants toward various size and
geometry of anions were determined for deducing the relationship between anion
properties and anion binding abilities of the ligand 5a.

In 'H-NMR titration experiments of the ligand 5a with BusN'A™ in
chloroform-d, the signals of NH, and NHy of the ligand 5a shifted to downfield

(A8 ~1-3 ppm) upon addition s of tetrabutylamonium anions. Also,

small downfield shifts for th s were observed, which may be

attributed to increased e §'due to the presence of anions.
Induced chemica gand- 2 on the formation of complexes
with various anions were li |
Table 3.2 The chemig and association constants of

ligand Sa toward vario

Anion K MhH™
Chloride 498
Bromide ' 459
lodide [ ——t———ti-" 164
Nitrate m € 672
Acetate 185 2.73 778

¢ o/
e AUHAVUNINEANT
Dihydrogenol@ | 5 82 1188
* Positive value showed downfield shifts Meﬁﬁe valﬂshowe@ﬁeld shifts. All spectra were

s Wy B b b | 8 1
** Assodiation constants are the average of all ligand 5a, which exhibited significant complexation

induced shifts (uncertainly 10%)

Probably the formation of the complexes are in details, before the formation of
the complex, phenyl protons Hy and H. were separated at 6.66 and 6.44 ppm,
respectively. This result suggested that ligand 5a formed an unfolding structure and

no intramolecular n—m interactions of two phenyl rings.
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After addition of anions, the phenyl proton Hy, showed downfield shifts and
overlapped with the phenyl proton H, that inferred stacking of the two phenyl rings.
Hence, a conformation change of ligand 5a was induced during complexation of an

anion via hydrogen bonding with the aid of intramolecular n—n interactions.
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Figure 3.4 The 'H-NMR ti ; ious anion ratios in CDCl;
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Figure 3.5 Joba:.l plot of the complexation of 5a.AcO" on chemicalyshifts of the NH,
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'H-NMR titration curves of ligand 5a toward various anions are depicted in
Figure 3.4. In all cases, the stoichiometry is 1:1 as confirmed by Job’s plots (See for
an example in Figure 3.5). On the basis of '"H NMR data, an expected structure of

anion complexes with ligand 5a before and after the addition of anion is depicted in

Figure 3.6.
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duced by an anion

\\\\

may probably be ado p 2 _e ; \\\ \

(oxyethelene) bridge unit,

inducing by intermolecular
0 Jation constants with various

anions have been determiged by using I VMR program and are summarized in

Y

“ﬁfﬁmwﬂmwmnfxR
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The host Sa showed a preference for anions in the order of

dihydrogenphosphate > acetate > nitrate ~ benzoate > chloride > bromide > iodide. In

spite of the less basic character of H,PO4 (pKa = 2.12) compared to AcO™ (pKa =
4.76), H,PO4™ showed stronger binding affinity to ligand 5a than acetate. The binding
tendency of ligand Sa for anions is similar to that of acyclic or cyclic bis-ureas. 22248

Thus, ligand Sa prefers to bind an anion in the tetragedral geometry. Furthermore,
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H,PO4™ with four oxygens makes a strongest complex via multitopic hydrogen
bonding interactions with ligand 5a.

In the case of AcO’, NO3™ and BzO', they have trigonal planar geometry. The
association constants can be understood on the basic of the anion basicity and binding
sites of anions. According to the basicity of anions, AcO exhibits a higher affinity
than BzO™ and NOs". However, NOj3’ is less basic (pK, = -1.64) than BzO" (PK. =

4.20). Nevertheless, it has almost the same binding value as BzO™ because of

voreover, we investigated the ing affanities toward spherical

anions resulting in significant-ee i and weak complexatlon of I'.

should be noted that the flexi and s - don blS -urea, ligand 5a, showed

lower association constan 0 ed ta \ ‘;
the two urea groups due e e i e ture. However, this molecule

ding site with alkali metal ions that

acers like xanthene?**® linking

contained the polyethylene gly&

may induce a conformation chan ized structure for binding anions by

a metal template.

ED )
ﬂﬂﬂ?ﬂﬂﬂﬁﬂﬂ*’]ﬂ'ﬁ

’QW’]G\‘iﬂ‘iﬂJ UA1AINYAY
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3.3.3 Complexation studies of ligand 5a in the presence of 2 equivalents of
NaClO4 toward various anions such as chloride, bromide, iodide, nitrate, acetate,
benzoate and dihydrogenphosphate

Ligand Sa has selectivity toward Na' and its complexation has ability to
organize the flexible ligand into a rigid and preorganized structure of urea moieties
for binding anion by a metal templated effect. Thus, in this section we would to
investigate the effect of Na* on anion binding ability of ligand 5a. "H-NMR titration

experiments were carried out r resence of 2 equivalents of NaClOy,,

performed complex 5a.Na nts in this system with various

anions are collected in

Table 3.3 Comparis
ligand 5a and 5a.N

etween the systems of free

LAY
Anion l ,J\\‘\\ 5a.Na"
Chloride as

Bromide
lodide
Nitrate

Acetate

Benzoate 658 a

. [
Dlhydrogcnpggg. e~ .1 .
* Association t are.thefaverage.of all ligdnd 5a} whi exhibited significant complexation

induced shifts (unﬂrtamly 10%)

- RTNEPIOINIINBIRN Y

[n the case of I', addition of BusNI to a solution of the 5a.Na" complex results

in a clear downfield shift of the NH signals that produce a “normal looking” titration
curves as shown in Figure 3.8. Analysis of the resulting titration curve with the
computer program EQNMR suggested a 1:1 complex stoichiometry with the stability
constant of 312 M™" (see Table 3.3), which increased approximately 1.6 folds higher
than that in the absence of Na'. The result indicated the Na* induced a positive

cooperativity of I' binding. This might be a consequence of favorable electrostatic
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attractions between the pseudocyclic crown ether bound Na" and urea complexed

anion. The purposed structure of this complexation is shown in Figure 3.9.
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Figure 3.8 The 'H-NM e f §: \ ids iodide anion in CDCl; on

In contrast to : f‘ ), e calulated association constant was
decreased from 1188 tof342 ™M™ by i : \ . of 2 equivalents of sodium
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Figure 3.9 The purposed complex structure of 5a.Na* with iodide ion
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In a similar fashion, addition of 1 equiv. of Br’, 1.3 equiv. of NOj3’, 2 equiv. of
CI' and BzO’, and 3 equiv. AcO" showed no significant shift of the resonance
corresponding to both NH protons, which generated the data that could not be fit to
any binding models. Apparently, Na' in these systems possibly inhibited the anion
affinities which prevent host/anion binding by the ion pairing effect.

However, as the experiment progress and more equivalents of the above
anions were added to the solution. The anion binding site seems to be reactivated, as

observed by the sudden downfield s G NH signals. Clearly the hydrogen-

cted in response to ‘ine excess

is § esem 'H-NMR titration curve of

anionic species. A cleag example i
5a.Na" with Br in t f alents sodium perchlorate as shown in
Figure 3.10. /

0.6 4

A3 chemical shifts (ppm)
(=]
'S

o
~

Figure 3.10 The 'H-NMRytitration curvegof Sa.Na+ towards bromide ion on the
chemical shifﬂfu!ﬂrganw EJ V.I § w EJ‘ f] ﬂ j
N ¢ o o/

QV ﬂﬁuﬂ Qﬁdﬁlmﬁﬁlﬁl ﬁ%c% mﬂ:ﬁg effect. Ion
pairing qvi‘ h'a competing cation diminished anion basicity and can lower host/anion
association constants by two ways.

1. The metal cation can sterically hinder the host/anion interaction. This steric
effect increases with the degree of ion pairing.

2. The associated cation lowers the effective charge of anions by either a
polarization or shielding effect. This electrostatic effect also increases with the degree

of ion pairing.
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Finally, we summarized the effect of Na' that plays a number of different roles
as follows:

1. Organize elements in the receptor. The sodium complexation of ligand 5a
induces a structural change into preorganized structure of urea moieties for binding
anions.

2. A co-bound guest in the ion pair receptor that enhances the anion affanity of

the receptor (positive allosterric)

3. A competitor with ligand 5a to an ion pair with an anion. Na* interacts
with anions to form an ion pair that dimin$h€s#nien basicity and decreases the anion

binding ability (negative.al

AULINENINYINT
ARIANTAUNIINGIAE



54

3.3.4 Complexation studies of ligand 5a in the presence 1.2 equivalents of
an anion such as chloride, bromide, iodide, nitrate, acetate, benzoate, and
dihydrogen phosphate toward Na*

In this section, the Na' binding properties of ligand 5a were investigated in
order to evaluate the influence of the anion complexations. Addition of Na* to the
solution of ligand Sa in the presence of 1.2 equivalents of various anions caused

slightly upfield shift of all protons of oxyethylene and methoxy protons in all cases.

various anions

)
5a.anion l I ﬁ ‘\\\

Chloride
Bromide
Iodide
Nitrate

Acetate T
Benzoate ’i
Dihydrogenphosphatem

* Association constants aremegﬁe of all IlgEESa, which exhibited significant complexation

s oL ESY Y| B Y1 IWE 119

* Association consqns is too less to be detenmned

Ry AN D3RI BB i

the case of presence of NO;™ exhibited the Na’/5a.NO;3™ of 1.5:1 (as shown in Figure

3.12). That suggested the equilibrium between a 1:1 and a 1:2 complex, and no

association constant could be determined.
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Figure 3.11 The 'H-NMR"{i(4 e ves of Sa.a owards Na' on the chemical
shifts of an oxyethylent ‘
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Figure 3.12 Job’s plot of the complexationgof 5a.NO; toward Na" on the chemical
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of I'. These results suggested that the decrease in Na* binding abilities was not
governed by size or anion basicity. We attributed these results to the rigid structure of
anion complexes and the preorganized poly(oxyethylene) moiety that were not
appropriate to bind Na’. In addition, the poly(oxyethylene) moiety is not flexible

enough to organize themselves for binding Na” (as shown in Figure 3.1 3)
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Figure 3.1 . ligand Sa.anion,

a) 1:1 anion ¢ plexatlon with Na*
On the other “ ’, AcO" and BzO" bound with
ligand 5a to form strongg ; - ons. Rigid structures of anion
complexes cause the ofgan thy le ¢) moiety unappropriate for
binding with Na*.

obtained in the presence

association constants were
the stronger anion complexation
increase, the smallcr Na* bmd "'5‘? stem are obtained. Furthermore, in

this case, the anion géc ion binding ability by a

%P
T S S -l .
steric hindrance Q’: n.<Fhis steric effect inhibited

equently increased the ion

the Na* binding towa@lhe poly(oxyethy moiety, ¢
pairing between Na* andganio

o BRI PRI e i

might be due tdithe following reasoné

BTNy P 1 p
approac ca a to interac an anion to form an ion

pair.
2. Unsuitable cation binding sites resulted from anion induced organization of

the poly(oxyethylene) moiety
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3.4 The complexation studies of ligand 5b by using UV-vis titrations

Interactions between ligand 5a and guests have been generally studied by 'H-
NMR titration. However, this method suffers from low sensitivity resulting from the
relatively high concentrations in both hosts and guests required in order to obtain
NMR signals (102-10° M or more). Moreover, 'H-NMR signals of the active
hydrogen (generally NH) measured becomes very broad upon the complexation of

anions and overlapping with the aromati¢ peaks, thereby, making it somewhat more

difficult to determine the stabili \ g mplex by this method.
n er kind of host that placed p-
it instead. Herein, we report

the synthesis (as descri n 3:2) and bindi o properties of ligand 5b by

‘ aracteristic absorption of
_ oly(oxyethylene) linker were
investigated by theoretical s‘ welt-as S al methods. It is reported that the
carbon-carbon bond of the —O >CH>O-mnits exists predominantly in the guache
conformation in a high p A

Ligand 5b hw,“‘__‘—— ‘Td‘ tion as shown in Figure
3.14. Tetraethylene . o . atio@ which results in a higher

dipole moment for the ‘poly(oxyethylene) chain and also associates with a more

expanded str \H}ﬂ ﬂ gj letles are possible to
form a face t y para el stacklng with phenyl rmgs of llgand 5b at the
"R ufm'a

NYINY

&g

Figure 3.14 The purposed structure of ligand 5b in DMSO
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The characteristic spectra of 2x10” M of ligand 5b according to a light yellow
solution in DMSO shows a broad band around 361 nm (as shown in Figure 3.15). The
absorbance of this band follows Beer Lambert law and the molar coefficient of ligand

5b at 361 nm is 12338 cm™. This attributes to the n—n" excitation of p-nitrophenol.

0.8

0.6

0.4 1

Absorbance

0.2

0.0 |

250

Figure 3.15 The UV-y _',';?& a of ligand 5b (2 X 10° M)

T ' U

‘! ¥

AULININTNEINS
PR TUAMINYAE
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3.4.2 Cation complexation studies.
Absorption spectra of Sb were measured in DMSO in the absence and
presence of an alkali metal ion (sodium and potassium as perchlorate salt and cesium

and rubidium as hexafluorophosphate salt) at ambient temperature.

0.8
free ligand Sb

................... 100 equivalents Na*
Trrmrmmmrm 200 equivalents Na
300 equivalents Na
400 equivalents Na*
N S 500 equivalents Na*
600 equivalents Na*
700 equivalents Na*
800 equivalents Nl
900 equivalents Na*
1000 equivalents Nl
1100 equivalents Na*
1200 equivalents Na+
1300 equivalents Na*
1400 equivalents Na*
1500 equivalents Na*
1600 equivalents Na*
1700 equivalents Na™
1800 equivalents Na*

0.0 - S - : ‘ |

0.4 -

Absorbance

0.2 1

250 P 100 50 600 650

Figure 3.16 Absorptlon spectra iz, ‘q; pon addition of sodium perchlorate

From titratigis sand 5b, changes in spectra
were not notable evc:ﬁy adding e
as shown in Figure 3. lé) This implies thit_’ligand 5b has not enough affinity for

binding alkal ewlgj fg%ﬂme‘sjewg@dﬂtﬁj of alkali metal ions

gave relativelygsmall electronic perturbatlon of ligand 5b that was undetectable by

PR WISl 0N 8ION [1E

DMSO v1a ion-dipole interactions. This also corresponded to any investigations, in

of an al@i metal ion (for an example

which a low binding affinity in a high polar media was found. In addition, the
uncomplex form of ligand 5b in DMSO, the etheric moieties were in gauche
conformation (as described above) which exhibited unfavorable degree of host
rearrangement. Thus both enthalpic and entropic contributions were unfavorable for

the stability of alkali metal complexes of ligand 5b.
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However, we presumed that when ligand Sb was treated with an alkali metal
ion, the structural change of ligand Sb was converted from the linear polyethylene
glycol to pseudocyclic crown ether induced by an alkali metal ion, moreover

intramolecular hydrogen bonding between the thiourea moieties possibly occurred as

shown in Figure 3.17.

&b ‘!
v

AULININTNEINS
ARIANTAUNIINGIAE
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3.4.3 Anion complexation studies

The anion complexation abilities of ligand Sb with various sizes, geometries,
and basicity of anions such as chloride, nitrate, benzoate, dihydrogen phosphate, etc.
were investigated by using the UV-vis titrations in DMSO.

Otherwise noted, the stoichiometries and binding constants of complexes
could be determined from changes in photophysical properties induced by a guest

binding. It turned out to be convenient to monitor changes in absorbance at the

Table 3.5 Summary o

ligand Sb for various agi

anionic guest log K

Cl 1.93

Br 1.98

I 3.14

NO5 2.20

BzO Y ' 0g K= 4.40, log K> =9.46
H,PO, 12 o

ClO4 E m not determined
PF¢ ‘a: 'Y not determined

In the éake of spherical amo‘ps such as Cl Br and I, when addition of the

exces rlg ﬁn ?mm ﬁ:;aw Bt displayed a
little ¢ 1:! [ ifts In Amax. For an example, Figure 3.18 presents

changes in absorption spectra of ligand 5b upon addition of Br". In the case of 5a.CI’,
not only the absorbance at 361 nm decreased but also shifted to 367 nm (as shown in

Figure 3.19). However, no color change was observed in these cases.
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1000 equivalents Br™
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1600 equivalents Br~
7T 1700 equivalents Br
1800 equivalents Br~

free ligand Sb
100 equivalents CI”
200 equivalents CI”
300 equivalents CI”
400 equivalents CI”
500 equivalents CI”
600 equivalents CI”
700 equivalents CI”
800 equivalents CI”
900 equivalents CI”
600 equivalents CI”
1100 equivalents CI™
:.-‘ 0 equivalents CI”
P |f 0 equivalents CI”
= 1400 equivalents CI”
| 1500 equivalents CI°
M.I 1600 equivalents CI”
1700 equivalents CI”
1800 equivalents CI”
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AT ANLIA 8,

The UV-vis titrations between ligand 5b and CI” and Br” were well fitted with

550 600 650

addition of Br’
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an equation assuming in non-linear least square fitting method, that were only induced

by the formation of a 1:1 complex host-guest stoichiometry which had binding

constants of log K = 1.93 and log K = 1.98, respectively. The possible structure of the

complex is shown in Figure 3.20.
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Figure 3.20 The purpose ‘ re of Sb.X where X = CI" or Br’

Unlike CI" and Bz,

of thiourea but bind mai

e cavity between NH, groups
hown in Figure 3.21. The

stoichiometry of 5b.I" v SS c1atlon constant of log K =
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changmg of absorbance around 316 nm occurred due to the absorption of
tetrabutylammonium nitrate anion (as shown in Figure 3.22). The stoichiometry of the
5b.NOs" was found to be 1:1 with the stability constant of log K = 2.2. The structure
was proposed to be like 5a.Cl" or 5a.Br” which two oxygen atoms of NO;5™ bound with

NH; group of each thiourea (as shown in Figure 3.23).
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0.8

———— free ligand 5b
e — 100 equivalents NO,°
................... -~ 200 equivalents NO;°

300 equivalents NO,~
................... 400 equivalents NO,’
_______ 500 equivalents NO;*
ST 600 equivalents NO,’
<= 700 equivalents NO,’
— — — 800 equivalents NO;°
— — —— 900 equivalents NO,"
—————— 1000 equivalents NO,
................... 1100 equivalents NO;’
_______ 1200 equivalents NO,"
———— 1300 equivalents NO,’
0.2 - ——————— 1400 equivalents NO,’
1500 equivalents NO,’
— 1600 equivalents NO;
1700 equivalents NO,’
1800 equivalents NO,’

0.6

0.4 1

Absorbance

0.0 -

250
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igure 3.23 The purposed 1:1 complex structure of Sb. NO3
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the band at 361 nm decreased and moved to longer wavelength reaching maximum
value at 459 nm by addition 6 equivalents of BzO". Unclear isobestic point (Figure
3.23) was observed with concommitant of the color of the solution changed from light
yellow to deep red-orange. The phenomena suggested that the complexation occurred
and more than one species formed, corresponding to the best fit with the complexation

models 1:1 and 1:2 (host: guest) and log K; = 4.40 and log K, = 9.46, respectively.
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However, the species distribution in Figure 3.25 exhibit the predominance species of

1:2 complex with 50% conversion and the minor 1:1 formation around 20%

conversion.
0.8 -
free ligand Sb
3 —— T~ 7 0.6 equivalent BzO
S 1.2 equivalents BzO~
0.6 A 1.8 equivalents BzO"
"""""""""" 2.4 equivalents BzO~
""" 3.0 equivalents BzO~
8 1} \ , * 3.6 equivalents BzO"
g 0.4 1 2 S b : g ©7 4.2 equivalents BzO~
§ 4.8 equivalents BzO
< 5.4 equivalents BzO~
0.2 - 6.0 equivalents BzO~
0.0 |
250 600 650
Figure 3.24 Absogptio .,,-:;,v-..-,_';_ﬂ 5b upon addition of BzO"
b s 2
l 00 7 “.
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& 6
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Figure 3.25 Species distribution of 5b.BzO™ complexes
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Although BzO" and NO;™ possessed in similar anion geometry, but the
stoichiometry was obtained in a different fashion. This can be explained based on the
different structure of anions. BzO" is an aromatic anion that binds ligand 5b stronger
than NO;” because n—m interactions between phenyl rings of BzO™ and phenyl rings of
ligand Sb enhances the anion binding abilities. Possible structures of 1:1 and 1:2

complexes are shown in Figure 3.26.

Figure 3.26 The purposed a :2 complex structure of 5b.BzO

The titration . ‘ ally change in color and

f.". 0" (Figure 3.27). These
ly a 1:2 stoichiometry (host: gu ) with stability constant of

absorption as the L

absorbance data gave

log K =7.02. C ﬁ %éw ;'l was preferred more
favorable thaﬂ ﬁ fi lﬁn ﬂ: ccur rapidly and too
fast to be detec d. We propose the g€omplexation structure of the gomplex as shown

QRAINTUNNINYAE
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0.7 free ligand Sb
—— — —  2equivalents H,PO,
0.6 o e e oo 4 equivalents HyPO,
6 equivalents H,PO,
................... 8 equivalents H,PO,
05919  \ paZEN 000 __ 10 equivalents H,PO,”
== == 12 equivalents H,PO,’
0.4 - 14 equivalents H,PO,"
§ — — — 16 equivalents H,PO,’
-§ - —_— 18 equivalems H,PO,:
gl el AR ==mmean 20 equivalents H,PO,
E-I D - A <7 22 equivalents HIPO"
< 0.2 . 24 equivalents H,PO,"
0.1
0.0 -
0.1

600 650

Figure 3.27 A bon addition of H,PO4
O
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e purposed 1:2 complex structure of Sb.H,PO4
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Unfortunately, in the case of AcO’, we could not fit the titration curve by
SIRKO program. However, addition of AcO induced the color change as in the cases
of BzO" and HoPOy'. In fact, the plot between the absorbance versus the equivalents of
“anion was similar to an acid-base titration curve. It is possible that there might be pH
changes during the titration which was actually found in the previous work of our

group.> The abrupt change in absorbance observed at 38 equivalents thus could be
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resulting from the deprotonation of the ligand, considering the fact that AcO" are basic
and that ligand 5b contains deprotonable groups. On the other hand, It is possibly due
to the input of binding models into this program that were not improper for fitting the
experimental results as a consequence of complicate systems in which more than one
species and phenomena could occurred such as 1:1, 1:2 complexes, anion
coordination and acid-base interaction. Furthermore, the larger anions such as ClO4

(tetrahedron geometry) and PFs (octahedron geometry) were investigated. The results

showed no remarkable shifts in absorptic tra and no variation of absorbance,
indicating no sign of complexati 3 witk ions. Ir addition, the anionic radii
were larger than the cavity.of ligand Sh ’lnt@he color change is remarkable

which influentially pertf rophenol moieties.

in 1:2 complexes. This® G ly on each thiourea moiety

We conclude Sb with anions were NO3~

> Br'~ CI for 1:1 comg _fork:2 complexes. These trends

agree with in the results, igand 5a by using NMR titration

method (as describe i the anion binding abilities of

ligand 5b also depended as hydrogen bonding sites of

anions.

It is should be noted that}ig e selectivity of anion-induced

dramatic color chang other anions. It is thus possible able
L)
I

to use ligand 5b as -'T& 0 cannot discriminate the

' \

degree of color changebetween BzO', AcO and H,POy,.

ﬂuEJ’JVIEJVﬁWEJ’lﬂ’i
’QW']a\ﬂﬂ‘iﬂJ UA1AINYAY
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3.4.4 Complexation studies of ligand 5b in the presence of 500 equivalents
of an alkali metal ion (NaClO, and KClOy4) toward various anions.

UV-vis titration experiments were carried out repeatedly in the presence of
500 equivalents of an alkali metal ion (NaClO4 and KClOy) for investigating the
effects of cations toward the association constant of the various anions. It was found
that no significant change in absorption spectrum and color were observed when
solution of ligand 5b in DMSO was exposed to 500 equivalents of an alkali metal ion

(Figure 3.29). The stoichiom ion. complex formation constants were

evaluated by using computer ' ted in Table 3.6.

Absorbance
=)

Y]

Figure 3.29 Absorp Y k mof 500 equiv. of Na*

Table 3.6 Sum ometries (log K) of
b éﬁﬁmﬂmﬁ’mﬁ%

clr 1:1 141 1.60 1.80
Br =1 i | 1.79 1.89
Iz 1:2 L:1 152 273 logK;=1.72, log K; =3.58
NO5’ 1:1 | 2.91 2.31
BzO" 2 21 1 [ 8.75 logK;=5.58, log K;=9.17

H,PO4 12 - 6.37 not determined
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In the case of spherical ions such as CI', Br and I, aliquots of an anion as
tetrabutylammonium salt were added to a solution of ligand 5b in the presence of 500
equivalents of an alkali metal ion (NaClO,4 or KCIO4) with the equal amount of anions
in section 3.4.3. Resulted spectra changes were the same as the system of absence an
alkali metal ion and no color change was observed. For an example, Figure 3.30
displays changes in the absorption spectra of 5b.Na" upon addition of Br". In each
case, the stoichiometries were obtained b fitting the titration isotherm to 1:1 binding
model for CI', Br' and both 1;. //I and the association constants are

collected in Table 3.6.
= free ligand Sb.Na®

Na_+ 100 equivalents Br
Na_+ 200 equivalents Br~
* 4300 equivalents Br~
@+ 400 equivalents Br-
500 equivalents Br~
l + 600 equivalents Br~
* + 700 equivalents Br-
800 equivalents Br~
.+ 900 equivalents Br
o l + 1000 equivalents Br~
41100 equivalents Br-
W g 1 b.Na~ + 1200 equivalents Br-
4 q i i " 5b.Na’ + 1300 equivalents Br~
a2 F o Na' + 1400 equivalents Br~

+ 4

a + 1500 equivalents Br™
sb.Na' + 1600 equivalents Br-
Sb. Na+ + 1700 equivalents Br~
sb.Na' + 1800 equivalents Br~

Figure 3.30 ﬁbrﬁonﬁs'rectra igand 5b.Na" u %n addition of Br’

Pl e 11

In all ca&s calculated anion affinity constants were substantially decreased by
the p dqsa @ﬂlﬁm%%qu E}r}@ ﬂ perchlorate,
excepﬁrﬂ

We presumed that when ligand 5b was treated with an alkali metal ion, the
complexation of an alkali metal ion with the podand converted the linear polyethylene
glycol chain to pseudocyclic crown ether. Consequently, intramolecular hydrogen
bonding between the thiourea moieties possibly occurred and decreased the anion
binding abilities of ligand 5b as shown in Figure 3.17.

Actually, the glyme-5 moiety of ligand 5b binds Na* more stable than K*
insisted by the fact of the result of our previous work with ligand 5a by using NMR
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titration method described in section 3.3.1. This implies that the intramolecular
hydrogen bonding between the thiourea moieties of 5b.Na" complex is stronger than
that of 5b.K".

Furthermore, the decrease of anion binding ability was also found in the
presence of both alkali metal ions. This indicated that partial alkali metal ion may
form ion pairing outside the cavity which competed with ion binding to the receptor.>

Association constants of 5b.Na‘/anion decrease more than those of 5b.K*/anion.

These were ascribed by the ion-pairing abi For an example of the association

constant of 5b/CI’, Na* is haider ion pre ion-pair vvith hard CI" than K".
v . - gd b .

Thus the determined 5b.Na-/Class cm.on constantswas less than 5b.K"/CI".

However, 5b. recognition but the 5b.K*
complex favored the

K" that 5b.K" com

\\

ed out to the large radii of
between NH, groups of
thiourea more than 5 olecular hydrogen bonding of
5b.K" was weaker co The explanation agrees with the
stoichiometry of 5b. and 1:2 complexes. The 1:1
stoichiometry was sugg site between the NH, groups

of thiourea be expanded enbugl (4 "d 1(F

w o
MW@W@&&J

Figure 3.31 The purposed 1:1 complex (a) and 1:2 complex (b) structure of Sb.K*/I

QW']M

However, I" may not be appropriate to bind 5a.Na" in a 1:1 formation (20%
conversion) due to the large radii of I' (220 pm) but favor to bind in a 1:2 complex

(55% conversion) as regarding to the species distribution shown in Figure 3.32. In
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contrast to Sb.Na"/I', we found only 1:2 complex because of the inhibition of a 1:1
anion binding ability by the strong intramolecular hydrogen bonding of the thiourea
moieties and the small cavity of the 1:1 anion binding site due to the complexation of

5b.Na".

100
- | free ligand 5b.K*
‘ A 1§ F 1:1 complex
. “ / ~-- 1:2 complex
60 < | _éﬂ‘

% Conversion

\

20 - .
o 2578 4
0 4 - W\
0% 29 (8 600 1800 2000
“ﬁ:"‘_ lent
Figure ecigs, KT complexes
P

Addition of NO3™ to tion of li in the presence of 500 equivalents
of an alkali metal j chanlglih the UV-vis absorption
spectra as similar i ' detectable color change

is observed upon adﬂion of excess NOj. The best l“tting curve gave stability
constants for 5b.Na*/NQ5 and 5b.K"/NOs @s' shown in Table 3.6. Interestingly, the
anion ability ﬂi%@%t%sﬂeﬂ@%eﬂiaﬂo equivalents of alkali
metal ions were“lightly increased frgm log K = 2£to 2.91 in the case of Na" and to
2.87 iQh ﬂﬁﬂj g:t% fs\)dgrﬂoﬂ q adB model. The
result sl@we a substantial increase in the NO;™ binding ability as compared to the
free ligand 5b. This may be due to the suitable arrangement and orientation of
oxoanion guests to bind ligand 5b.

Na® or K" induced positive cooperatively of NOjy binding which can be
explained as a consequence of favorable electrostatic attraction between the
poly(oxyethylene) moiety bound alkali metal jon and thiourea complexed anion. The
possible structure was that 2 oxygen atoms of NO;™ binded with NH, group of each

thiourea and the rest was probably stabilized by the bounded alkali metal ion via
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electrostatic interactions as shown in Figure 3.33., while the other anions have no
available coordination site to cooperate the bounded alkali metal ion. The proposed
structure of the complex can be explained whereas the stability constants of these
complexes were increased and the others decreased. As a matter of fact, the
5b.Na'/NOs™ complex is more stable than the 5b. K*/NOy complex because of the

hard oxygen prefer to interact with hard Na* rather than K.

On the other ha ion’ '”, R i 'i ith BzO'. Increasing in BzO

. . ¥ " 257 i
concentration resulted in a‘drasticatty incre; f absorbance at around 459 nm and

appreciable decrease the absorbanc ' «‘{r ¥{assimilar in the system of absence of

an alkali metal jon). Phils ._“__-.._:‘:h»a' ight yellow to deep red-

orange. For an exa 2/BzO" are shown in Figure
3.34.
The absorbance datasof 5b.Na'/BzO@&domplex was interpreted to obtain only

1:2 stoichiom M%QWBW (ﬁnt %Jﬂ@ " complex, the best

fitting curve gaﬂ both 1:1 and 1:2 b'&nding models g\d association gonstants log K =
5.58 3 ﬂﬂ mmm%qﬂsw&i qpﬁﬂby the same
explaamme case of I'. ‘

In the case of 5b.K"/BzO" complex possessed log K; higher than the free
ligand Sb and the similar trend in log K». Otherwise, the predominance 1:1 species
complex with 80% conversion was more favorable than the 1:2 formation with 35%
conversion distinguished from 5b/BzO" (Figure 3.35). 5b.K" probably induced the
suitable cavity size between the NH, of thiourea groups which phenyl rings were

close enough for binding BzO". These enhanced the -7t interactions between aromatic
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rings of ligand Sb and aromatic ring of BzO". The purposed structure of 1:]

5b.K*/BzO" complex is shown in Figure 3.36.

0.8 ¥
—freeligand Sb.Na
% 0 |eeeswese Sb.Na® +0.6 equivalent BzO"
b e, == SbNa' + 1.2 equivalents Bz0™
0.6 4 SbNa'+18 equivalents BzO"
= ShiNG w2 equivalents BzO~
—————— Sb.Na' +3.0 equivalents BzO-
3 04 SbNa* +3.6 equivalents BzO~
§ b : Sb.Na' +42 equivalents BzO~
§ \ ¥ " SbNa' +438 equivalents BzO~
'2 b.Na* +5.4 equivalents BzO™
0.2 Y ~ a* +6.0 equivalents BzO”
0.0 A
250 600 650
Figure 3.34 Ab ion Spectraof ; \ “wpon addition of BzO"
100 -
=
2
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Figure 3.35 Species distribution of 5b.K*/BzO" complexes

It should be noted that 5b.K"/BzO™ possessed the association constants higher
than that of 5b.Na"/BzO". The observation can be explained by the ion-pair effect that
the ion pair association constant in DMSO of potassium benzoate (48 M) is lower

than that of sodium benzoate (200 M™").%
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se @ structure of 5b.K*/BzO"

e —

H,PO4 was a'. ol -,\ stoichiometries and stability
constants in the presEheegdf a aial » csults are shown in Table 3.6,

Addition of HPO4™ I€ad to'dgCréasing @ _the band around 361 nm and unremarkable

increasing absorbancgdt agdt 588 shown in\Figure 3.37.

st 5 ligand SbNa® )
b.Na +2 equivalents HyPO,

0.6 SbNa'+4 equivalents HyPO 4~

5b.Na" + 6 cquivalents HyPO,”

0541 ™ [ =— ... Sb.Na" +8 equivalents HypO,~

SbNa" + 10 equivalents HyPO,”

al+ 12 equivalents H,P0,~

o
P
L

SEN# +{4 equivalents HypO,”

;‘- ‘J 6 equivalents H2P04-
b + 18 equivalents H,P0,”
+20 equivalents HyPO,,~

Absorbance
(=]
w
1

02 - oW « 22 cquivalents H,0,"
¢ A e Sb.Nn: +24 equivalents HyPO,”
0. Lt L - A — - a ivalents H,PO,~
"!,. 7 5b.Na |+ 28 eq denuH2P04'

WX

vU

Figure 3.37 Absorption spectra of ligand 5b.Na" upon addition of H,PO,’
p p

However, the peak around 459 nm changes insignificantly compared to the
system in the absence of an alkali metal ion and the degree of color change was less

affected, which turned light yellow to orange. Apparently, these results suggested that
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the alkali metal ion behaved as a co-bound H,POy4 to form aggregated ion pair. This
diminished anion basicity and reduced the anion binding ability. According to these
facts, the complex formation constant for 5b.Na’/H,PO, was indeed reduced
approximately by a factor of 10 and cannot be estimated for Sb.K'/H,POy. It is
possibly due to the input binding models into this program that were not appreciate
for fitting the experimental results as a consequence of complicate system.

The presence of Na' substantially reduced the affinity of ligand 5b/anion over
K", which can be explained below | ‘ tivity factor. The data in Table 3.6

3.38). A cooperativity factor is

8t irlhe EERRRAgan alkali metal ion divided by

the anion association ¢Onsta he absence of an alkali metal ion.’® A value < 1

simply the anion associatigi-consta
indicates that ligand by the ion-pairing and
intramolecular hydrogé ativity factor > 1 reflects

ligand Sb/anion binding entdueo ion recognition.

= Na'/CI

= K*/Cl

= Na'/Br

= K*/Br

= Na'/I
K*'/T
Na+/N (6] 3-
K'/NOy
Na'/BzO
K*/BzO

Na+/H2PO4'

Cooperativity factor
o

ﬂ“Ll’Ef ’3 El N7 ﬂ ’1I N9
Figure 3.38 Cooperativity factesfor ditopic receptor 5
ammmmumawmé"

,ixammatlon of Figure 3.38 reveals two ligand Sb-independent trends. First,
the cooperativity factor for a specific ligand 5b/anion system increases with
decreasing metal cation charge to surface area ratio, i.e. Na'< K'. Second, the
cooperativity factor for a specific ligand Sb/anion system increases with decreasing
anion basicity, i.e. CI'< Br<I and BzO'< NOj". These trends were in agreement with
other studies in analogous heteroditopic receptors containing crown ethers and

urea/thiourea groups.” Ligand 5b/anion affinity is reduced by the ion-pairing effect.
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In certain cases, when one or both of ions are small and charged localized, this
inhibition effect is observed, which suggests that the crown encapsulated cation is
able to sequester the anion away from the NH residues of ligand 5b. However, the
stoichiometry of the complex will also affect the observed cooperativity factor, but in
these cases, ion pairing plays a crucial role.

Finally, we conclude the anion binding ability of the ligand 5b in the presence

of an alkali metal ion may either enhanced or suppressed depending upon the both

AULINENINYINT
ARIANTAUNIINGIAE
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3.4.5 Complexation studies of ligand 5b in the presence of an anion such
as chloride, bromide, iodide, nitrate, benzoate and dihydrogenphosphate toward
Na" and K*

In this section, the alkali metal ion binding abilities of ligand Sb were
investigated in order to evaluate the influence of the anion complexation by repeating
the titration in the presence of an anion. It is remarkable that the characterization

spectrum of ligand 5b in the presence of 2000 equivalents of a spherical anion such as

CI', Br and I" showed an absorpti at 361 nm like the spectrum of free

i

itrated ‘with an alkali metal ion

example, Figure 3.39 i pectra of ligand 5b.Br™ upon

addition of Na*. This+

in the presence of abéVe aficafigned an; and stability constants of the

.\\

w1th alkali metal ions in the

presence of these anionis was pfobably inhibited by the ion pairing effect.

d'not bind well with ligand 5b

complexes of ligand 5 ioft/a ot be determined by analysis of

the absorption spectra. e

08 1 free ligand Sb Br-

Sb.Br + 100 equivalents Na
b.Br + 200 equivalents Na
. g ' .+ 300€quivalents Na

0 valents Na

06 1 . - c——d fuivalents Na

+ 4

livalents Na

90°€quivalents Na
Sb.Br + 800 equivalents Na
Sb.Br: 900 equivalents Na
Sb.Br +7000 equivalents Na
Sb.Br + 1100 equivalents Na
5b. Br * 1200 equivalents Na

ui ts Na
r+ 4 e IV ts Na
r+15 ts Na
.Bi

r+ 16 equlv ents Na
T Sb.Br + 1700 equivalents Na

LT S g 2

0.4 1

Absorbance

e5)

4
P A A A s

‘ F="18 Br + 1800 equmlenu
QRIANN TN Hhl:
AR d bld od ¥ : . |
q 250 300 350 400 450 500 550 600 650
Wavelength (nm)

Figure 3.39 Absorption spectra of ligand 5b.Br” upon addition of Na*
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The structure of ligand Sb is dominantly in the unorganized poly(oxyethylene)
moiety and causes the less appropriate pseudocyclic ring for binding alkali metal ions.
Upon addition of an alkali metal ion, anions probably dissociated from coordinated
thiourea inducing by added alkali metal ion and formed ion pairing that prevented
alkali metal ions to coordinate the oxyethylene glycol chain.

Furthermore, alkali metal ions cannot induce complementary organization of

the poly(oxyethylene) moiety to complexation. This is probably due to the rigid
structure of anion complexes. ] i kali metal ion preferred to bind an
anion more strongly than yind th ‘ ylene) moiety, resulting in ion-

metal ion that reflect
dissociated H,PO4

absorption spectra of SpiH: ylex and reverted to'the original spectrum as free

concommitant growth o
almost exactly coincide wi A ré ligand Sb and the color returned
from deep red-orange to ye g _processes reverse the processes
described in sectio 4.4 of H; ----p--—;-;e-,;;,r of ligand 5b containing

)

an alkali metal ion); -
e differences of these mponses in the sequence of

It should be nmd that th
guest addition were emipleyed in their applications described in section 3.5. The

changes in spﬁaunﬂn’@aaqngiﬂﬁcwgﬂsﬂst . The anion basicity

was reduced by*ion-pairing that strongly decreased the anion coordination properties
pairing Rg prop

e QNG T R R G A

ligand
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08 ————— ;
frec ligand Sb.H, PO,
.................. 5b-“:?04- +3 &uiv’alcnu Nl:
______ Sb.H3POj. + 6 cquivalents Nay.
Sb.HIPO,. +9 equivalents Na
S e
....... . H3PO; + uivalents Nay
- Sb.H2PO % + 18 oqui N;

+ 18 equi a+

0.6 + 21 equivalents Nay
g .+ 24 cquivalents Nay

. +27 equivalents Nay

-+ 30 cquivalents Nay

.+ 33 equivalents Nay
+

0.4 4

.+ 75 cquivalents Na 4
05 equivalents Na,
35 cquivalents Nay
65 equivalents Nay
40 equivalents Na

Absorbance

ok
+++ 4+

0.2 4

0.0 4

250 650

/)

Figure 3.40 Absérptie - Lligand Sb.H,POy upon addition of Na*
& L A ’

Solutions of 5b.NG metal ion. The increase in

decreasing of absorbance of

alkali metal ion cone
tetrabutylammonium nitrate arodad 316 1 e phenomena reflected that an alkali
metal ion probably associated to-NO: B gly, the alkali binding abilities of
ligand 5b in the ~-.~-------—--4-—-—--——:-—------——,,-g_--_—;,~ of NO3” were increased to

2.91 in the case of Na' 4 . the titration isotherm to

a 1:1 binding model. parcntly, the increasing of the association constants were to
be anticipated from an ®xygen atom of nitrate ion which probably stabilized via

ctecrosac ifetagbi o ol del i Wb Tk dsocaion of N i

this system exhibited a slightly greatgr value than thaat of K* that co&'jsponding to the

purpoﬂ ﬁ(ﬁ]ea Q | s aﬁ@d&}e‘e}o%ﬁ%pﬂer to interact

with hard oxygen atoms of NOj; over than K.
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T frcc ligand Sb B2O &
T T T 5b.BzO_+ 100 cquivalents Nay
5b.BzO_ + 200 cquivalents Na,
5b.BzO_ + 300 cquivalents Na,,
""""""""" 5b.BzO_ + 400 cquivalents Na,.
_______ 5b.BzO + 500 cquivalents Na,
= 5b.BzO: + 600 cquivalents Na,.

5 §b.BzO + 700 cquivalents Na,
" 5b.BzO- + 800 cquivalents Na,
5b.BzO_ + 900 cquivalents Na
Sb.BzO. + 1000 cquivalents Na,
5b.BzO, + 1100 cquivalents Na,
5b.BzO_ + 1200 equivalents Na,
5b.BzO_ + 1300 cquivalents Na,
§b.BzO_ + 1400 cquivalents Na,
© §b.BzO_ + 1500 cquivalents Na,
5b.BzO_ + 1600 equivalents Na,
5b.BzO_ + 1700 equivalents Na,
5b.BzO_ + 1800 cquivalents Na,.
_______ 5b.BzO_ + 1900 equivalents Na,
5b.BzO + 2000 equivalents Na

S
-
1

Absorbance

0.2 1

0.0

300 650

0 upon addition of Na*

7/ ; \
aiz |
as fouridghat addition of Na” and K" increased the

Figure 3.41 Absofpti

In the case of 5b.BzQ, it

binding constants to log K = 2. {“-_ ‘ 5, respectively. In this case, we also

found reversible spectra upon-ad etal ions that produced a blue shift

of the absorption spgctra similar to that observed inthe ' H> POy case. Nevertheless, the
| e ——— \.v
decreasing absorbaric® ¢ 459 nm was not completely

T
reversible as in the ca ' H,PO4 and did not congruent %Jj
of the free ligﬁ Sb (Figure.3.41) . That was'due to BzO" bound tightly with ligand

rbddibicd ) BV i I Bk fde Qeiing between alkal

metal ions and B70" was inhibited.

Q'WCGL@ SET %ﬁﬂ@%ﬁ@ﬁg ligand 5b in

the presénce of “and BzO', the former system displays higher enhancement than

coincide with the spectrum

5b to form a

the latter system. This can be possibly rationalized by directly favorable electrostatic
interactions of oxygen of NO; which urged the cation to coordinate to the

poly(oxyethyiene) moiety of ligand Sb.
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Finally, we summarized the influence of the anion complexation toward alkali
binding ability of ligand 5b as follows:

1. Decreasing in cation association constants occurred with the weak anion
complexes. Consequently, anions were probably withdrawn from thiourea
coordination and formed ion pairing inducing by the added alkali metal ions.
Furthermore, the unorganization of poly(oxyethylene) moiety and rigid structure of
anion complexes may cause the increase in ion pairing, which decreased alkali

binding ability of ligand 5b.

2. Increasing in cation these phenomena may occurred

with the strong and appzo ‘v- iondeomplexes,which could diminished the ion
pairing effect and induced alkali’i ons 10 eoordinate with the poly(oxyethylene)
moiety by a seconda : }\‘

eractions.
\\

AULINENTNEINS
RIANIUNRINEIAY
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3.5 The application of ligand 5b

Photodriven supramolecular systems are useful for information gathering
(sensing), storage, processing, and transmission. The important goal of molecular
arithmetic can be achieved in principle “OFF-ON” digital AND, OR, NOT and XOR
logic gates with independent inputs are available to operate on binary numbers.’’

Practical consideration would also require strong signals when these gates are in their

s are an inhibit function (INH) which
ND and a NOT logic function,

“ON” states. Among the remaini
can be interpreted as a parti |
inputs.”®
Ligand Sb, con ge upon complexation, can
be applied as an optica oW that ligand 5b responds to

cations or anion in a differepf wé the \ S of this'strategy, we now demonstrate

1.0 -
0sd = A

064

Absorbance

0.2

% 300 350 400 450 500 600 650
‘Wavclenglh (nm) = s

VASDIUTAIANL 8

vis spectrum of ligand Sb in DMSO (2 X 10 M) (a) in its
free form (b) in the presence of 20 equiv. of H,POy4 (c) in the presence of 20 equiv. of
H,PO4 and 1800 equiv. of Na*

Figure 3.42 shows the effect of the addition of H,PO4™ and then an alkai metal
ion (Na" or K*) on the spectrum 5b in DMSO (2 x 10”° M). The maxima absorption
with the nitrobenzene moieties of the ligand 5b (A= 361 nm, Figure 3.41a) clearly

separates (A= 459 nm) after addition of 20 equivalent of H,PO; (as its
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tetrabutylammonium salt). At the same time, a new absorbance appears at 459 nm
(Figure 3.42b), resulting in a change in the appearance of the solution from yellow to
deep red-orange. Interestingly, addition of an alkali metal ion (as perchlorate salt)
reverses the chromogenic process. Upon addition of 1800 equivalents of an alkali
metal ion to the solution (CIO4 does not complex with ligand 5b), the deep red-
orange color induced by the presence of H,PO4 was now no longer observable and
the absorption maximum at 459 nm disappeared (Figure 3.42c).

For a comparison, the ordei ) addition was then reversed. As expected,

the acdition of an alkali alents) to a solution of ligand 5b in

DMSO brought about ug @small change in absorption
intensity was observed: ivalents of HoPO;"were then added, the solution

A
BN
RN

Table 3.5, which gives t e I: E\\

remained yellow and erved. Therefore, an alkali

metal ion appears to_4 the system to H,PO4". A
| a molecular logic gate truth
‘ON’ =1 or ‘OFF’ = 0. In
l ion at either 0 equivalent
(‘input” = 0) or 20 equi £ E5PO¢angd 1 cquivalents of alkali metal ion

(‘input’ = 1). The output oo f af tio' = (1, 0). This logic response

Table 3.7 The truth {A51e OF INFT 10gic gatk : ‘

FNPUﬂ ﬂ OUTPUT

H,PO4 m q rchange

qmmnsmummmé’ﬂ
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3.6 Electrochemical studies

Electrochemical techniques have been widely used as transduction methods
for the conversion of chemical phenomena such as ion binding into electrical signals.
This process is usually referred as electrochemical recognition. Nitrobenzene behaves
as a chromophore and an electroactive functional group in a number of
supramolecular systems.””®* It undergoes two reduction processes. The first process

d then follows by the second process to

corresponds to a one-electron reducti
form a dianion according to the . Nevertheless, very often the focus

is on the first reduction proc

Thus, ligand 5 lectrochemical receptor that

possesses p-nitrophenyl ional groups. Herein, the aim of
this section is to investiga gand 5b in non-aqueous solvent
and complexation of ligand nic guests in connection with the

possibility of electroche

3.6.1 Voltammogramﬂf ligand Sb'in'D
Cyclic voltammograms of ligand 5h jin DMF with various scan rates are

s G 16 MBI oo -0

due to two nitro¥anion radicals with t?e presence of two nitro groups by a subsequent

b IR PPN (1M
a secon at re'ne 1a h quasi-reversible wave at E;, =

-1825 mV that related to the cathodic wave (Il¢). This is consistent with two electron
reduction which leads to the formation of two nitro-dianions.

The peak current of the second reduction of ligand 5b is linearly increasing by
the square root of the scan rates in the range from 20 to 1000 mV (Figure 3.44),
indicating that ligand 5b follows only the diffusion controlled in the experimental

condition.
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Scan rate 20 mV
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Pl ,/'\'\ . ‘/ 7 S e s Scan rate 80 mV
Ie B, P Scan rate 100 mV
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©~ Scanrate 800 mV
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Figure 3.43 Cycli

-0.000035 -
-0.00003 -
-0.000025 A
-0.00002 -
-0.000015 -

current heights

-0.00001 -

-0.000005

Scan rate 1000 mV

Wwith various scan rates

F-. v/
AU ANENINEINT

=30 35

R8Nt angnde

Figure 3.44 The plot between current heights of wave Ilc and square root

of scan rates
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3.6.2 Electrochemical studies of ligand 5b with Na*

When crown ether containing a nitrobenzene group as a side arm, was reduced
to the corresponding anion radical and dianion, a new type of intramolecular cation
complexes can be formed. Examples of such complexes have been reported to results
from lariat ethers containing nitro aromatic residues. Indeed, the reduced ligands thus
lead to excess negative charge which enhances the binding of cation more strongly

than the corresponding neutral cases.

Based on our previous v li metal ion complexation studies, we

wards Na'. In this section, the

5b in @ce of alkali metal ions is of
( dete t

S

roC \ lutlon of ligand 5b, Figure

) \ s in voltammograms and

found that the glyme-5
electrochemical reducti
interest, since it may p(' ,

Upon additio
3.45, a new irreversi > Al
shifts to anodic potenti i o g AM( ”\ ClOg4. This wave shifts to -
2010 mV while the quasi fe aveyshifts)s y, anodically to E = -1788 mV
ave (Ic) at -1412 V shifts
insignificantly. Electroch€mi ' - d free ligand 5b are shown in

Table 3.8. Squarewave support the results from cyclic

voltammetry that not only a.,ﬁ_‘?éa}h duall;
increases but also shifts'slightly to pe -—_,‘,J mV and less changes at
: N

appears around -2150 mV and

the initial wave as shawn |
We have two Bntingent explanations for the remtS' i) Na* probably mainly
binds the tetracthylene glyeol unit to formgpsuedocyclic crown ether ring and also

s o S G Yok s o v

reduced nitro ups due to Na* ha‘s a low bmdl‘é ability towarwhe polyethylene
glycoﬂ' w-nd']ﬁ lqﬁ ?m 3;;' nEJ ﬂus results, is
more reasonable than the former case. Thus, the positive charge of Na' is stabilized
by negative charge of the reduced nitro aromatic residues that drives the system to be
reduced easily. Consequently, the quasi-reversible wave at -1822 mV slightly shifts to
positive potential and the new irreversible wave appears at -2150 mV, which moves to
anodic potential at -2050 mV when 4 equivalents of Na* are added. It may indicate
that Na" forms a complex with the reduced form of ligand Sb more stable than the
neutral form that can utilizes for Na" ion analysis. Ligand 5b may be applied to the

fabrication of a molecular device that selectively recognizes Na”.
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-2.5e-5 1 Free ligand 5b
"""""" 0.2 equivalent Na*
-2.0e-5 1 0.4 equivalent Na™
0.6 equivalent Na'
-1.5e-5
Z € T 7 7 0.8equivalent Na*
= ~ 7 77 1.0equivalent Na*
-1.0e-5 +
2.0 equivalents Na
3.0 equivalents Na®
-5.0e-6 1 g +
"""""""""" 4.0 equivalents Na
‘‘‘‘‘‘ 5.0 equivalents Na®
00 ==
Figure 3.45 Cyg b upon addition of Na*
-0.00010
ronm— Free lig.and 5b .
................... 0.2 equivalent Na
——==== 0.4 equivalent Na"
0.6 equivalent Na*
-0. 6 g +
L 0000 — — 0.8 equivalent Na
2 . .. 1.0 equivalent Na*
= ~= = 2.0 equivalents Na"
-0.00004 ~ 3.0 equivalents Na*
] — oy [ 4.0 equivalents Na*
B 5.0 equivalents Na*
-0.00002 A 2
aumwﬂmw 09
-1.2 -1.6 -2.0 -2.2
m ANYINY

Flgure 3.46 Square wave voltammograms of ligand 5b upon addition of Na*
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3.6.3 Electrochemical studies of ligand 5b with various anions

Complexations between ligand Sb and various anions were carried out in
DMF using cyclic voltammetry with BusPFe as supporting electrolyte for employing
the electrochemical properties of complex behaviors. When an excess aliquot of Br, I
and NO;3™ (4 equivalents) as their tetrabutylammonium salts was added to an
electrolyte solution of ligand 5b, cyclic voltammograms displayed no new wave and

no noticeable peak shifts when compared with the original voltammogram of free

ligand Sb. For an example, Figure ibits cyclic voltammograms. The results

were also supported by square that were not drastically changes
upon increasing the conce 3 igure 3.48. On the other hand,
addition of CI leaded tosshight!y.earho shift rela 0 the wave Ic, while the initial
wave at -1825 mV withefc . es Ile and'fla did not change noticeably
in their potential, Figuse3. | .‘ Was gons Ste Vi [I'square wave voltammograms,
Figure 3.50 that confirméd thie ¢aj i ‘:‘ f ] : _' ential wave at -1418 mV upon
increasing amount of CI’

Conversely, o BzO" caused redox wave Ic
shifted to a more negatiw e ligand Sb wave, meanwhile
the quasi-reversible shifted negligibly. Cyclic

voltammograms are depicted g;jﬁ_’_— ¢ 3,51 fotli,PO4 and in Figure 3.53 for BzO".

gative poten@l at -1583 mV for H,PO4

and at -1558 mV for Bz@ concommitant withsthe decrease in the initial wave around

_1821 mV. Tlﬁe% 8 ’} w.&l w@% qeﬂt‘rglexes and e Tigand

5b are collectedlin Table 3.9. It should be noted that adding more than 2 equivalents

0 N1/ N 1

technique.

reduction peak growsjd move

On the other hand, the electrochemical solution of ligand 5b was titrated with
AcO’, Figure 3.55. The redox peak Ic diminishes in its current height while a new
redox peak Ilc grows up and altogether shifts to more cathodic, finally reaching
maximum value at -1598 mV by addition of 2 equivalents of AcO". Further addition
of AcO" did not significantly shifts the wave Ilc. This signifies the formation of a 1:2

complex between ligand 5b and AcO". However, increasing the amount of AcO’
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causes a redox wave at potential -1821 mV (related to peak Illc and Illa) shifts less
positively and becomes an irreversible wave, (see Table 3.10). Square wave
voltammograms (Figure 3.56) were also supported the electrochemical behavior of
5b.AcO" complex. Furthermore, addition of more than 2 equivalents of AcO’, the
current of the initial peak at -1821 mV not only gradually diminished but also shifted
to slightly anodic potential and turned to a shoulder peak at -1803 mV, indicating a

irreversible wave.

Upon analyzing the CV data | les 3.9 and 3.10, we observed that the

difference of the cathodic shi fts o [ the ' (Ic). These probably correlated
with the qualitative stability"ee ants f thﬁplexes of the neutral form and
rather influenced wit , l -a y of the host:guest ratio as
obtained by UV-vis ti ng anion complexes such as
Sb.H,PO4, 5b.BzO" ' i \\\ 5 plexation, destabilized the
reduced form of Iigaﬁd ice \ lombic repulsion between the
anions and the reduced \ loreover, the withdrawing
electron density from '&‘4‘,... S , \\ rong coordinated anions makes
these systems more dif ) bﬁﬁ 4 The a,\ ) the cathodic wave Ic shifted
more negative potential th hat of free | b."Additionally, a 1:2 complexation
shifted more cathodically tham ,QG ,-é on. In the 1:2 complexation, anions

mainly associated on'g di 0 ity from the nitrophenyl

. L) . . .o
residues over a l: S! rturbatlon in electronic

properties of the nitro&nyl residu

ﬂ‘LJEJ’J'VIEJVIﬁWEJ’m'ﬁ
ama\ﬂn‘m UA1AINYAY
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3.6.4 Electrochemical studies of ligand 5b in the presence of 2 equivalents of
NaClO4 toward chosen anions such as H,PO4, AcO and BzO"

In this section, we have focused on examination of the electrochemical
behaviors and binding abilities of complexes between Na* with ligand 5b toward
chosen anions, such as H,PO,", BzO™ and AcO’, which exhibited remarkable changes
in electrochemical properties. Furthermore, we expected to obtain advanced

information for supporting the evidence of ion pairing effect. CV titration experiments

Results from the-i e PO4 are presented in Figure
3.57 and electrochem . Increasing equivalents of
H,POy4 causes drasti ¢ sshiftirele i redox wave Ic concommitant
with the disappeara

with the reduced nitro g€siddess : -':, gible changes ifiquasi-reversible (related to

voltammograms clearly s Seak st of the initial wave Ic (E = -1409 mV)
concommitant with the dlsappc&éﬁéé nitial wave (Illc) at E = -2031 mV as

Upon additiof -wave (Illc) at -2001 mV

d slightly shifts to positive

gradually disappears i voltammograms (Figure 3.59) a

potential while the irrevérsible wave (Ic isplays remarkable cathodic
shift and quaﬁ‘ u El!q %&w ﬂg iﬁ dding more than 2
equivalents of O produced votammograms smkm to the systemgn the presence of
s G NGRS QLRI PHR AR B o
with :ﬁc voltammograms.

Addition of AcO" resulted in the original redox wave Ic at -1406 mV and [Vc
at -2047 mV diminishes in their current height and shifts more cathodically
concommitant with the growth of the new wave Ilc that shifts to negative potential at
-1641 mV. In addition, increasing equivalent of AcO more than 2 equivalents causes
the quasi reversible wave (related to Illc and Illa) becomes irreversible wave while
the irreversible wave IVc completely disappears, which generated voltammograms

similar to the systems of adding only excess AcO™ as shown in Figure 3.61. The
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elecreochemical data of the titration between Sb.Na" and AcO" are given in Table
3.12. Square wave voltammograms, Figure 3.62, also support the CV results that
exhibit substantial shifts to cathodic potential relative to wave Ic which accompany to
the growth of the wave at -1614 mV. Furthermore, addition of AcO  over 2
equivalents, the current of the initial peak at -1815 mV not only gradually diminishes
but also shifts more anodically and becomes a shoulder peak at -1760 mV which is

similar to the system of adding only excess AcO'.

According to the electrochemica iors and data in Tables 3.11 and 3.12,

ristic results: i) the initial wave

@and the reduced nitro residues,

asing amount of such anions

around -2000 mV, indicatiz
shifted cathodically an
that showed clearly i redox wave Ic in all cases
exhibited drastic shi o notable changes upon

addition of the chose i he ehemieal selution of ligand 5b in the

anions stronger over Na'. Although. evend €-réduced form of ligand 5b probably

anions to the electro at“anions bind tightly with
S inding ability toward ligand
Sb, to form ion-pairing §pegies that dimini&l the electron withdrawing property of

N Unforufib b agpfafbelbieieil e  umascongy cooninaed

anion by nitrothiourea residues anéi ion pairing ne'ffect cause th'&Jelectrochemical
systenﬂy WWIMCﬂ ﬁlmr%]lﬁl ﬁ})@i% ﬁ]&}sax&lng of the ion
pair formation implied by the instant vanishing of wavé Illc after addition a few
equivalents of H,PO4” and suddenly remarkable shifts of wave Ic after addition of
more than 2 equivalents. We suggest that the beginning equivalent of H,PO,
principally operates with Na* to form ion paring. Until reaching 2 equivalents, ion
paring probably forms completely. Further addition, H,PO, is mainly coordinated to
the nitro residues causing in significant shifts of the wave Ic.

Conversely, in the cases of AcO™ and BzO", the reduction wave Ic gradually

shifts and the potential wave around -2000 mV disappears. Hence, these anions
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probably incorporate to Na' as well as to the nitro urea moieties resulting in lower ion
pairing formation when compare to the case of HoPOy, that plays a crucial role to
bind Na“. We believe that Na'/H,POy," has the possibility to form ion pairing over
Na'/BzO™ and Na'/AcO, corresponding in the cooperativity factors (Figure 3.38) as
described above. Unfortunately, in the case of Na'/AcO", we have no sufficient and
good evidence for more comparison and discussion with both cases of Na'/H,PO4 and
Na'/BzO". Nevertheless, this assumption should be investigated further for obtaining

more supporting results.

In conclusion, the pig nding ability in this systcm was

attributed to the ion pairiag.effect: Thedhigh abilitysefianion complexation resulted in

the nitro residues to be

N
:
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-2e-5 4 g
[“/c == — free ligand Sb.Na‘ - )
; — — —  frecligand 5b.Na" + 0.2 equivalent H,PO,
2e-5 1 oo w free ligand 5b.Na" + 0.4 equivalent H,PO,
free ligand 5b.Na" + 0.6 equivalent H,PO,’
................... free ligand 5b.Na" + 0.8 cquivalent H,PO,’
=B g free ligand 5b.Na’ + 1.0 cquivalent H,PO,
< free ligand Sb.Na" + 1.5 equivalents H,PO,’
566 4 free ligand 5b.Na" + 2.0 equivalents H,PO,’
‘ — —— freeligand 5b.Na" + 3.0 equivalents H,PO,"
_____ e = | ———— free ligand 5b.Na' + 4.0 equivalents H,PO,”
e SO S 7 . free ligand 5b.Na" + 5.0 equivalents H,PO,°
---------------- free ligand 5b.Na" + 6.0 equivalents H,PO,"
Se-6 T
-1.4
Figure 3.57 Cycli , as gand Sb.Na" upon addition of H,PO4
-8e-5 free ligand 5b.Na®
free ligand 5b.Na" + 0.2 equivalent H,PO,
free ligand 5b.Na" + 0.4 equivalent H,PO,’
-6e-5 - free ligand 5b.Na" + 0.6 equivalent H,PO,
o e M g (R free ligand 5b.Na’ + 0.6 equivalent H,PO,
< 7 S B . = fiée ligand 5b.Na" + 0.8 equivalent H,PO,’
A5 LN ffee ligand 5b.Na” + 1.0 equivalent H,PO,
~= free ligand Sb.Na" + 1.5 equivalents H,PO,’
‘I - | free ligand 5b.Na" + 2.0 equivalents H,PO,
-2e-5 1 ————freeligand 5b.Na" + 3.0 equivalents H,PO,’
—————— free ligand 5b.Na" + 4.0 equivalents H,PO,
I ﬂ:ﬁ:a $b.Na" + 5.0 equivalents H,PO,
0 frge ligand 5b.Na" + 6.0 equivalents H,PO,"

a4 Q) a6 18 20 319
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Figure 3.58 Square wave voltammograms of ligand 5b.Na* upon addition of H,PO4
g q p
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free ligand Sb.Na"

free ligand Sb.Na’ + 0.2 equivalent BzO"
free ligand 5b.Na' + 0.4 equivalent BzO"
free ligand 5b.Na" + 0.6 equivalent BzO"
free ligand 5b.Na' + 0.8 equivalent BzO"
free ligand Sb.Na" + 1.0 equivalent BzO™
free ligand 5b.Na" + 1.5 equivalents BzO"
free ligand 5b.Na" + 2.0 equivalents BzO
free ligand S5b.Na' + 3.0 equivalents BzO"
free ligand 5b.Na" + 4.0 equivalents BzO"
free ligand 5b.Na" + 5.0 equivalents BzO"
free ligand 5b.Na" + 6.0 equivalents BzO

upon addition of BzO"

free lignd 5b.Na"

free lignd 5b.Na" + 0.2 equivalent BzO"
free lignd 5b.Na® + 0.4 equivalent BzO"
free lignd 5b.Na" + 0.6 equivalent BzO"
ree lignd 5b.Na" + 0.8 equivalent BzO"

free lignd Sb.Na" + 1.5 equivalents BzO"
free lignd 5b.Na* + 2.0 equivalents BzO"
free lignd 5b.Na" + 3.0 equivalents BzO"
free lignd 5b.Na" + 4.0 equivalents BzO
free lignd 5b.Na" + 5.0 equivalents BzO"

1 qﬂ?d 5b.Na® + 6.0 equivalents BzO"

QW']MH‘?W&IWWW]&H&H

Figure 3.60 Square wave voltammograms of ligand 5b.Na* upon addition of BzO"
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— — — freelignad 5b.Na" + 0.2 equivalent AcO"
— ——— freelignad 5b.Na"+ 0.4 equivalent AcO"
free lignad 5b.Na" + 0.6 equivalent AcO"
----------------- free lignad 5b.Na*+ 0.8 equivalent AcO’
——————— free lignad 5b.Na" + 1.0 equivalent AcO"
© v freelignad 5b.Na" + 1.5 equivalents AcO"
free lignad 5b.Na" + 2.0 equivalents AcO"
— — — freelignad 5b.Na" + 3.0 equivalents AcO”
free lignad 5b.Na" + 4.0 equivalents AcO"

______ free lignad 5b.Na" + 5.0 equivalents AcO"

Figure 3.61 Cyclic
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Flgure 3.62 Square wave voltammograms of ligand 5b.Na" upon addition of AcO"
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3.6.5 Electrochemical studies of ligand 5b in the presence of an chosen anions
such as H,PO4, AcO and BzO™ toward Na*

In the final section, the electrochemical behaviors of their anion complexation
of ligand 5b with Na" were examined in order to evaluate the influence of the anion
complexation which possibly discovers the evidence of ion pairing. The CV titration
between Na' and the electrochemical solution of ligand 5b in the presence of 2

equivalents of H,PO," changes cyclic voltammograms (Figure 3.63) in the following
ways. Addition of the 1 equivalent 6f Wnitial wave Ic at -1586 mV and the
quasi reversible wave at -pote ~“a> - ﬂelated to Ilc and Ila) shifted
iAgeNG T oresthan ﬂlt, the single irreversible wave

Serled i i m& (see Table 3.13) altogether

insignificantly. As increa
Ic splitted into two peak§'a

-

with the growth of a t intermediately shifted to

more positive potentié quivalents of Na', a new
anodic wave IVc at -16 dition, it moved to merge

the initial wave Ila, ge ating 0 do erefore, Ellp could not be

of free ligand 5b. In additio Ceifdinc erve the edox wave around -2000 mV in
it between Na* and the reduced
nitro groups. Conseguently. the occurri: otz ograms.sgem to be quite identical
to that of free ligand“Sh. Sq / Were in a good accordance

with cyclic voltammog mpletely anodic reversion of

wave Ic to its original pofential as shown in Figure 3.64.
In theFi%oEJBQ)’ﬂdﬂi%o i EJofll‘fs] :istem altered cyclic

voltammogramS‘Ls shown in Figure 3.65, the initi&wave Ic shifte@irly to positive

potenﬁqu.eaﬁ ﬂa@;mw&% Wﬂqc@oﬁ} shifted less

anodi -

. After reaching 1 equivalent of Na', a newly irreversible wave Illc at -2050
mV evolved concommitant with anodic shifts of its potential. Interestingly, the anodic
shifts and the occurring redox wave Illc were changed instantly remarkable during
addition of 2 equivalents of Na". At higher 3 equivalents of Na*, the current height of
the initial wave Ila depleted while a newly anodic wave IVa around -1595 mV, a
small irreversible wave, appeared during addition of 5 equivalents of Na* (see Table
3.14). Square wave voltammogroms also supported to the results of cyclic

voltammograms that not only the new wave Illc gradually appeared at more negative
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potential around -1961 mV and grew up but also the initial Ic completely vanished as
shown in Figure 3.66.

On the other hand, the electrochemical solution of Sb.AcO™ was titrated with
Na’. Cyclic voltammograms, Figure 3.67, exhibited a similar fashion as the case of
5b.BzO'. Increasing the equivalents of Na" caused the initial cathodic wave Ic slightly

shifted to positive potential and quasi reversible (related to Ilc and Ila) shifted fairly

ial around -2190 mV altogether with

to more anodic potential. After reaching 1.5 equivalents of Na’, a newly irreversible
redox wave Illc appeared at more i i

the continually anodic shi /‘pparently, upon addition of 3

equivalents of Na®, the ed remarkable changes in its

potential (see Table 3.1 valents) exhibited negligible
changed in cyclic volit: nograms, Figure 3.68, were
in good agreement

gradual appearance of

applying potential to this chémic: em, we presume that added Na® is
principally bound with coord; S e nitro thiourea moieties to form ion

pair that diminisheg-electr er applying potential to

this system, a conseqt ity of HoPO4 by the ion

pair formation make ” he nitro aromatic residues be “€duced more easily. This

evidence is in ﬁ:cﬁgre&ﬂﬂt with the voltﬂﬁrams that exhibit gradually anodic
o ‘

shifts of the wde 3 VLB B Bhod £3vQ around 2000 mv,

representing in ﬂe interaction between Na" and ttEreduced nitro groups, due to no
availaBa Wﬂnﬁaﬁ ﬂhﬁeﬁdu%j ‘%ﬂ@p%ﬂeﬁ}eayﬁmre amount
of Na* isgmainly form ion pair with coordinated H,POy". Interestingly, the anodic shift
of the initial wave Ic relative to the splitting wave Illc (see Table 3.13) change
remarkably during addition of 2 equivalents of Na*. On progressive addition,
voltammograms change insignificantly. Hence, coordinated anions with nitro thiourea
moieties are probably dissociated from their binding sites by forming ion pair with
Na" outside the cavity, which forms completely upon reaching 2 equivalents of Na*.
However, Addition of higher equivalents of Na* causes the anodic shift of the initial

wave Ic that absolutely returns to its original potential of the system of free ligand
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Sb, regarding to the wave Illc around -1412 mV in this system. Furthermore, the
appearing voltammograms seem to be nearly the voltammogram of free ligand 5b.
This implies that no anions bound to the nitro thiourea moieties due to a high
efficiency of ion pairing ability of Na'/H,POy".

Similarly, in the case of AcO™ and BzO", the existing results are well
established that ion pairing plays a crucial in this system. In additional details, the
initial wave Ic in both cases of Ac' and BzO" shifts less anodically and is not
completely reversible to its origis -,. tential when compare to the case of H,POy.
This probably suggest that -.,,;:\ \ g abilie 0fiNa"/Bz0O™ and Na'/AcO" are lower
than Na'/H,POy’, which S8 mp@previous section. Moreover, a

consequence of low i lity; we postulate that Na* behaves as co-bound

\\\. e coordinated anions.
 orO,
NN
1]

anions to form ion pai

More import occurring redox wave Illc

oo AN

a

|
5

with respect to the int eel : \- ed nitro residues is observed

by addition of 1-1.5 equi N ,. R\ \. immediately remarkable shifts
ahd

to anodic potential d i-_ CquiVe u\ of | \a’. Base on our assumption,

these phenomena impl tylof Na principally incorporated with

coordinated anions to fo s interaction with the reduced nitro

residues. Nevertheless, reaching” 2 equivale of Na’, ion paring may occur

completely. Therefore, M&‘ Na" mainly coordinates

to the reduce nitro ‘(’ = rédox wave Illc.

Finally, all re 1’ s in this section support our pre [ ous assumption (in section
3.6.5) and lead to concludesthat ion pairirig/effect lays an important role in this
system due to ﬂ u &Li@ MI&L%%W)&EﬁQI rm of ligand 5b.
- ¢ o /
YRIANNIUARTIINYIAEY
q
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free ligand 5b.H,PO,
— — — free ligand 5b.H,PO, + 0.2 equivalent Na*
— ——— freeligand 5b.H,PO, + 0.4 equivalent Na*
free ligand 5b.H,PO,” + 0.6 equivalent Na®
................... free ligand Sb.H,PO, + 0.8 equivalent Na®
_______ free ligand 5b.H,PO, + 1.0 equivalent Na®
free ligand 5b.H,PO,” + 1.5 equivalents Na*
free ligand 5b.H,PO,” + 2.0 equivalents Na*
— — — free ligand 5b.H,PO, + 3.0 equivalents Na"
———— free ligand 5b.H,PO, + 4.0 equivalents Na"
—————— free ligand 5b.H,PO, + 5.0 equivalents Na*
................. free ligand 5b.H,PO, + 6.0 equivalents Na*

Figure 3.63 Cyclj

" upon addition of Na*

-0.00010
free ligand 5b.H,PO,”
free ligand 5b.H,PO,” + 0.2 equivalent Na*
-0.00008 1 — free ligand 5b.H,PO, + 0.4 equivalent Na*
free ligand 5b.H,PO, + 0.6 equivalent Na*
YR S . ——— d e free ligand S5b.H,PO,” + 0.8 equivalent Na"
< | S L A/ AN S ., free ligand 5b.H,PO," + 1.0 equivalent Na*
= free ligand 5b.H,PO, + 1.5 equivalents Na*
-0.00004 - ligand 5b.H,PO," + 2.0 equivalents Na"
ligand 5b.H,PO, + 3.0 equivalents Na
-0.00002 - y . - I'" free ll:gand Sb.HzPO‘: +4.0 equfvalents Nl:
F/ iI T ——=—-k+ freeligand 5b.H,PO, +5.0 equ.wa.lents Na+
------------------ free ligand 5b.H,PO,” + 6.0 equivalents Na
0.00000
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-2e-5 1
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-le-5 1

free ligand 5b.BzO

free ligand 5b.BzO™ + 0.2 equivalent Na

free ligand 5b.BzO™ + 0.4 equivalent Na*

free ligand 5b.BzO" + 0.6 equivalent Na*

------------------ free ligand 5b.BzO" + 0.8 equivalent Na*

—————— free ligand Sb.BzO™ + 1.0 equivalent Na"

free ligand 5b.BzO" + 1.5 equivalents Na*
free ligand 5b.BzO" + 2.0 equivalents Na*
free ligand 5b.BzO" + 3.0 equivalents Na®
free ligand 5b.BzO" + 4.0 equivalents Na®
free ligand 5b.BzO" + 5.0 equivalents Na*
free ligand 5b.BzO™ + 6.0 equivalents Na*

upon addition of Na*

-0.00004 -

-0.00002

0.00000

free ligand 5b.BzO"
free ligand 5b.BzO" + 0.2 equivalent Na*
free ligand 5b.BzO™ + 0.4 equivalent Na*
free ligand 5b.BzO + 0.6 equivalent Na*
------------------- free ligand 5b.BzO" + 0.8 equivalent Na*
ligand 5b.BzO" + 1.0 equivalent Na*
freg ligand 5b.BzO ™+ 1.5 equivalents Na*
h ﬂ ligand 5b.BzO" + 2.0 equivalents Na*
"% fi€e ligand 5b.BzO" + 3.0 equivalents Na*
= free ligand 5b.BzO" + 4.0 equivalents Na*
e, = ‘“ free ligand 5b.BzO™ + 5.0 equivalents Na*
free ligand 5b.BzO” + 6.0 equivalents Na*
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free ligand 5b.AcO

free ligand 5b.AcO™ + 0.2 equivalent Na*
free ligand 5b.AcO” + 0.4 equivalent Na*
free ligand 5b.AcO” + 0.6 equivalent Na*
free ligand Sb.AcO + 0.8 equivalent Na*
free ligand 5b.AcO™ + 1.0 equivalent Na*
free ligand 5b.AcO” + 1.5 equivalents Na*
free ligand 5b.AcO" + 2.0 equivalents Na*
free ligand 5b.AcO” + 3.0 equivalents Na*
free ligand 5b.AcO" + 4.0 equivalents Na*
free ligand 5b.AcO” + 5.0 equivalents Na*
free ligand 5b.AcO™ + 6.0 equivalents Na*

5.0e-6 T
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Figure 3.68 Squar O upon addition of Na*
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