CHAPTER III

RESULTS AND DISCUSSION

3.1 Synthesis and Characterization of Cryptand-like Calix[4]arene Derivatives

Our research group has been ints y Enstructlon of calix[4]azacrowns as

enes possess both crown ether
and nitrogen donor groups.fe nding oreover, some ammonium

derivatives also exhibit ge6d propért bindir ions by means of electrostatic

and hydrogen bonding in repared from the lower rim
modification of p-tert-b oethoxy benzaldehydes, la
and 1b, in the presence o hyde calix[4]arenes, 2a and 2b
were major products of this n reaction and served as important
starting materials for oth ontrast, trialdehyde derivatives
3a and 3b, were obtained ir and 10%, respectively) and the
synthetic process was therefore conside

As illustrated i hanter I, if considered ot ):p was clearly noticed that
all of calixarenes thz s complexation are 1,3-

are really rare.® evergjeﬁﬁ ﬁﬁyﬁ’m ﬁ ’T ﬁ i(cryptand), which is
able to encaps t binding ability as
compared to the others. According to this idea, compounds @a and 3b, were

snbesof R bRt B ) Qo i daffifpans
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In order to improve the yields of 3a and 3b, many bases, solvents systems and
different reaction conditions were tried. In early attempts, we thought that stronger
bases like NaH and KOBu' might probably give higher yields of 3a and 3b than
K>COs. Unfortunately, all reactions employing these two bases gave many undesired
products, which are difficult to purify. The use of toluene and THF as solvents in the
presence of aforementioned base was f ed. This might be considered that p-rert-
butylcalix[4]arene was not dlSSQ{V\)‘ n it formed anionic species in the

treatment of base. Non- polar d1d not stabilize anionic species

even if the starting compw Eelywhen heating at reflux.

stituted callx[4]arene§ can be

'in DMF at reflux condition was
to about 70 °C, two desired

the fact that DMF was de ‘
CO and dimethylamine. E \ nds mi uncontrollably reacted with
bromoethoxybenzaldehyde and ledﬁb nany by-products, which observed in the

_--r’,/ -'

reaction.

caction between p-tert-
butylcalix[4]arene andg in the preses BaO as basgjand DMF as solvent for 7
days. The reaction temperature was kept under 70 °C to avoid the decomposition of

the solvent. Boﬂ%ﬂi ’};%&ﬁ&]{}aw@ nks] 25 dnd 3b were obtained

and purified by Silica gel column cgromatograplzusmg mchlorgglethane and the
e A ANRAA AN G B AR B e o
compouﬁ b were 2% and 46%, respectively. Higher yield of 3b as
compared to 3a may stem from the less steric hindrance of substituents on calix[4]
arene framework in 3b. Calix[4]arene 2b showed a singlet signal of CH=O at 10.06
ppm in 'H-NMR spectrum. In addition, this derivative existed in cone conformation
as evidenced by the presence of ArCH,Ar as two doublets at 4.54 and 3.49 ppm with
coupling constant (J) = 13.3 Hz as well as tert-butyl proton signals which appeared at

1.47 (the substituted phenol rings) and 1.17 ppm (the unsubstituted rings). '*C-NMR
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spectrum of 2b exhibited only one type of methylene bridge carbon.*® MALDI-TOF
mass spectra also supported the proposed structure of this derivative showing an
intense line at m/z 945.0.

In contrast of 2b, '"H-NMR spectrum of compounds 3b exhibited two signals
of CH=0 at 9.76 and 9.64 ppm in 1:2 integral ratio. The four groups of doublet
signals at 4.47, 4.46, 3.33 and 3.27 ppm with different J-coupling constants indicated
that the methylene bridge protons K j etrical and this calix[4]arene existed
in the pinched-cone confon@ &ctmm has three different signals
of C(CHs;); that was 1m
TOF MS showed an mtens

e 1e t—b were not identical. MALDI-

7.¢ Mthe [M + 1] and elemental

analysis was in good agre e proposed structure

The condensation k valents of fris(2-aminoethyl)
amine in a mixture of d acete emp. y& a high dilution technique
yielded a creamy white 7 ‘ 3 ine 4b (97%). The characteristic
signals of CH=0 disappeared dwgw;q: oton signals appeared at 7.92
and 8.08 ppm with 1:2 int Ao i spectrum of 4b. Similar to its
trialdehyde analogue, this munedcm?t}_, nformation was pinched-cone which

(CH3);3 protons showed ee sinelet | 0, 1.37 Ed 0.85 ppm in 1:1:2 ratio,
respectively supported that ‘g) was more rig&llthan 3b when the the tren moiety was

introduced intoﬂeﬁo&j\ﬂa M}‘ﬁ@ Wsﬁs}m’%ﬁ? 4b had a strongest

peak at 1185.7 m/z and its -NMR spectrum showed two dlfferent imine carbon
TR PO N AT YT 2 ~
30.69 pﬁ

Reduction of 4b to Sb was carried out by addition of 24 equivalents of sodium
borohydride into the solution of 4b in CH,Cl, and subsequently acidified with dilute
HCI/CH;0H (0.74% v/v), affording an ammonium salt calix[4]arene derivative 5b in
almost 84% yield. This compound exhibited very broad signals in the 'H-NMR
spectrum due to the positive charge of the ammonium cations. The positive charge

groups, ArCH,NH," appeared at 8.64 and 8.24 ppm with an integral ratio of 2:1.
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'H-NMR spectrum of 5b also exhibited four doublet signals due to ArCH,Ar at 4.55,
4.45, 329 and 3.24 ppm indicating that the molecule is in the pinched-cone
conformation. MALDI-TOF MS showed an intense signal at m/z 1191.8
corresponding to the mass of 5b with the four hydrogen chloride molecules stripped
off. However, elemental analysis results supported the existence of this ammonium

derivative.

Finally, the ammonium sa 5b was converted to tetraamine calix
[4]arene 6b. The 4 equivalents 0

solution of 5b in dichloromethas

in methanol were added into the
water and dichloromethane,
compounds 6b was ob dle- crystal (74%) after slowly
recrystallized from a mixtuse ¢ : d a\\
NMR spectrum shifte 4 > high electron density of amine groups. The
chemical shift at 8.64 '
existed at about 7.11

ost all proton signals in 'H-

otons of calix[4]arene unit
R spectrum of 6b exhibited
four doublet signals due t .27 and 3.26 ppm indicating that
€ as its ammonium derivative

D intense peak at m/z 1191.2 that

the molecule is in the pinch

Sb. MALDI-TOF mass spec
: —",-'".'; i
corresponding to the ma: :

- j supported the proposed
Y

structure of 6b.

)
ﬂumwﬂmwmm
awwmnimumwmaa
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Scheme 3.1  Synthetic pathway of calix[4]cryptand 6b.
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3.2 Basicity and Metal Ions Complexation Studies

Ligands 6a and 6b contain four nitrogen donor atoms, which can encapsulate
metal ions into their cavities. Both of them were used to study their binding ability
towards three divalent transition metal ions: Co**, Cu®* and Zn**. Compounds 6a and

6b have different cavity sizes that can affect to the stability of the complexes.

Potentiometric titration \ ‘
complexation abilities of 6a :

used for computer refm?derﬁ
constants for metal complex .

to investigate the basicity and
)a points from each titration were

!@anon constants and stability

by the program SUPERQUAD.

25,26,27-N, N’ stetraamine-p-tert-butylcalix
[4]arene.4HCI , 5a, and 2 7N ‘?.X, - ( y)benzyl)ethylenetetraamine
-p-tert—butylcahx[4]arene.4 ; ' ed for determination of the

reactions are possibly (g;urre 5 6a andgj) d1rect]y Nonetheless, the

titration results are related.to the proton gaffinity of two neutral calix[4]arenes

25.2627-N, 1ﬂ u‘&h ’@%oﬁ)% ',ﬁ) Wl&}é}aﬁuﬁ-p _tert-butylcalix[4]

arene, 6a, and 2?9!26,27-N, N’, N”-tgls((4-ethoxy)knzyl)ethylenct,&;a amine-p-tert-
o ARG il dakidadi e A
titration exXperiments to give 6a and 6b, respectively.

The experimental titration curve of 6a and 6b in 0.01 M BuyNCF;SO; in
methanol at different initial concentrations of ligand and proton are shown in Figures

3.1 and 3.2, respectively. The X-axis is the equivalent, which defined as follows:

Nog - Nyt

Equivalent = (2)

l'lligand
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Where noy' is the mole of OH™ at each titration point, ng" is the total mole of H in
the solution for each experiment and Nygana €quals to the total mole of a ligand in the
experimental solution. According to Figures 3.1 and 3.2, each equivalent point on
titration curves does not exhibit the ideal characteristic of theoretical S-shape titration
curve. The first three deprotonation steps are observed clearly while the fourth step
are scarcely detected in the experimental titration curve for 6a. However, titration

curves of ligand 6b show 4 eprotonation steps that reveal the

available four protons on the ki

The plots between 51 otoqatio rmation function), equation (3), and
log [H'] for ligands 6a 31, £) in methanol are also shown in
Figures 3.3 and 3.4, resp ned as the average number of

proton H bound to the ligand

3)
When [H'] is concentration of brained from the measurement. [OH']
is the concentration 2:[* ] by the relation of the
autoprotolysis const hiot methanot (tog H=-16.7) J

Considering the relatic and log E* ] displayed in Figures 3.3

and 3.4, it indicates that four protons are possibly accommodated in the molecules of

s 6 Pl B9 494 b B G v 21

range of log [HY] from -8.6 to —6. O The third proton attachment is completed at

oG R T ) Y5 v

[H'] high€r than -3.0. Therefore, this result is agreed with the structure of 6a, which

contains four nitrogen atoms and can receive four protons in its molecule. Ligand 6b
has a similar relationship between 5 and log [H'] like that happened in 6a. However,

there is something quite different. The number of attached proton is 2 at around the

range of log [H'] from -8.6 to —6.6 for 6b (Figure 3.4). After that, the third proton is
occupied at log [H'] = -6.3. The I; value rapidly increases to 4 when the

concentration of H" in the solution nearly reaches 3.95 x 10™* M.
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This implies that 6b is slightly easier to form LH4** species than its ortho derivative.

The values of protonation constants were calculated by SUPERQUAD
program with the chi-square value less than 12.60 in order to reach 95% confidence.
The protonation constants of 6a and 6b in 1.00 x 10> M BuyNCF;SOs3 in methanol at
25 °C are shown in Table 3.1.

Table3.1  Logarithm of the protonation/cghstants of calix[4]arenes 6a and 6b in
1.00 x 10”> M BuNCE;SC
logK
Ligand 6b
K: L 10.79 £0.04
K,y LH' 9.35+0.04
K3: LH* 7.46 £0.04
Ky LHy™ 5.33+0.04

ﬂ‘LlEJ’J“fIEW]ﬁWEJ’]ﬂ‘i
QW']Mﬂ‘iﬂJﬂJW]’JV]EJ']ﬂEJ



Figure 3.1
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Potentiometric titration curves of 6b in 1.00 x 102 M BuyNCF3S0;3 in
methanol at various ratio of 6b : proton: (a) 1.007 mM : 4.028 mM,

(b) 1.007 mM : 4.028 mM, (c) 0.839 mM : 11.557 mM and (d) 0.915
mM : 8.134 mM.
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Figure 3.4  Plot between 5 and log [H'] for 6b in 1.00 x 10> M BuyNCF;S0; in
methanol at ratio of 6b : proton =0.915 mM : 8.134 mM.
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According to the results shown in Table 3.1, both compounds 6a and
6b can bind up to four protons in the pH range 2-12 and show high basicity in the first
two protonation steps, with the first constants log K; = 12.02 and 10.79 for 6a and 6b,
respectively. The high K; value can be explained that the first proton has many
alternate sites to add on the ones of three secondary amine’s nitrogen atom in the tren
moiety. However, it is obvious that the ilrst protonation constant of 6a is higher than

that of 6b. This outcome may act that compound 6a has nitrogen

substituents at ortho positic vhich ighboring nitrogen atoms can form

intramolecular hydroge@ett ‘ thawtion in compound 6b. This
r [‘\,' . ..

result leads to the morW/ Ive Men atoms and more positive

log K, = 10.13, while th ! * naticall ise in the third proton received
step (log K3 = 6.95) and the/f mﬁﬁm ation ¢ t (log K4 = 4.44). The big gap
of 3.18 logarithmic unit is d n_the second and third protonation

_--i‘ ’. .-"’ ::,
constants. Cons1derm‘hthe number of thé MS

ms of minimization of the

their locations, this the

electrostatic repulsion@twe__é n the@otonated species. In other

words, the first two protons.can occupy altegnate positions in the ligand separated by

other unprotoﬂ%tisj %W %@w 6al (mjthe third and fourth

protonation is probably due to the unfavorable electrostatlc repulsmn from the

TSI
Compoun exhibits slightly wjﬂp:]tc;gatﬂ a 1113 f@tlglsecond proton

addition (log K, = 9.35) than its ortho analogue. However, for the third and fourth
protonation, ligand 6b shows higher basicity constants than 6a (log K3 = 7.46 and log
K4 = 5.33) and the gap between the supplement of second and third proton is only
about 1.89 logarithm unit. These results can be rationalized in term of the
minimization of electrostatic repulsion. Although both calix[4]arenes have a similar

protonation the trend in the same pH range, 6b is less steric and each binding
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site is more separated apart from each other. Thus, the third and fourth proton
bindings of calix[4]arene 6b are not so difficult to take place and the undesired
positive charge repulsion is minimized inducing to great proton affinity of the other
nitrogen atoms of the tren unit.

The species distribution plot of 6a in 1.00 x 102 M BuyNCF;3S0O; in methanol
at 25°C (Figure 3.5) shows all four protonated species in the pH range between 3 —
11.5. The LH,*" is found in th %‘%t e solution. The population of this
species is dramatically decre&fﬁ'n 96 } 3.0 to less than 1% at pH higher

than 6.3. The three proto ‘ @H range of 3.2 to 8.5. The

2* which has a maximum

predominant species of
1 range from 5.3 to 11.3. The LH*
b‘%\At the pH values more than

- concentration is slowly

percentage at pH = 8.5
pbpulation does not reac
10.8, the free L speci

decreased. Unfortunately, th

igher than 11.5 cannot be

“de 1k |+
: . L A
obtained. So, the maximum pe entqggpf

:.]J.a':‘ F e, |

In Figure 3.6, the speies disiribution
in methanol at 25 °C, exhibits the sfightly

T

Gad
its ortho isomer. For 6b, the population of L
to less than 5% at pH = 6.6. The

-

cannot be exactly estimated.
in 1.00 x 10> M BuyNCF;SO;

characteristic when compared with
ﬁ ﬁ from 99% at pH = 3.3
Hange of 3.9 to 8.6 and its
0). At ﬂh higher than 7.3, the main
species in the solution is dLH,**. Unlike 6a, this species is not a dominant species in

the expeﬁmentﬂa%.ﬂ@uﬂ@ﬂﬂﬁzw $0}50}af BH2 9.31 while the same

ratio is observed &t 10.7 in case of 6a; This result can be explained,in the term of the

i3 Fp TR TR Y bt o

equilibriutn constant higher than 6b (see Table 3.1) and therefore it is more difficult

concentration reached aximum a

to change from stable diprotonated to monoprotonated species. In case of LH*, its
population is highest at 9.94 (72%) and gradually decreased to less than 20% at pH =
11.3. Free ligand L of 6b is first detected at pH = 9.6 (less than 10%) and its

concentration is accumulated until it reached 84% at pH = 11.5.
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Figure 3.6 Species distribution plot of 6b in 1.00 x 10?2 M BuysNCF3S0; in
methanol at 25 °C, C;. = 0.915 mM.
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The basicity behaviour of 6a and 6b are quite similar to that of the other
related cryptands such as R3Bm, R3Bp and RGT (Figure 3.7), which their proton
affinities were studied in 0.1 M EuNClO4 in water at 25 °C by means of
potentiometric titration. The protonation constants of R3Bm, R3Bp and RGT are
presented in Table 3.2.

3m, R3Bp and RGT

Figure 3.7
Table 3.2 R3Bm, R3Bp and RGT in
0.1 M ENCIO; in water at 25°C. -f
0 _
log K; ¥ = R3Bm o R3Bp RGT
BB INUNRANETT
log K, 9803 96£0.1 | 106#0.1
BETIA 85+02 | 862%008 | 791%005
log K 7212004 | 7401 5.65+ 0.05
log Ks 6.9£0.1 67+0.1 :
log Ke 6702005 | 6522023 -
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Considering the protonation constants of three azacryptands as shown in Table
3.2, cryptand R3Bm and R3Bp exhibit six protonation constants while RGT has only
four. The trend of protonation constant of RGT is quite comparable to 6a and 6b than
other azacryptands. Although structures of R3Bm and R3Bp are similar to 6a and 6b,

both of them have eight nitrogen atoms while our ligands containing only four.

However, R3Bm and R3Bp have only rotonanon constants instead of possible
eight. Only secondary amines on\RG\ p are accessible to protonate. The
remaining tertiary amines at t of the are possibly not involved in the

ajor reason of this phenomenon can be

ogen atoms. The position of
:Mr When the last secondary

amine group is occupied by pué repulsion of positive charges is too

proton affinity of R3Bm
rationalized in term of the«disial o

donor atoms in R3Bm dR3Bp.ma

secondary amine positions
may not be large enough (0 split the ni rogen ¢ info the appropriate position that

the total positive charged erefore, only four protonation

reactions are observed. TR\ :_;%
On the other ﬁind, the tertlary amme 6a and 6b is available

tion acid-base properties of
e, the ba&;i: strength of alkylamines
increases with the increasihg-number of alkyl substituents at the nitrogen atom, which

can be consldﬂut&’}fmdgm@w&aﬁlﬂf@ts However, in the

protic solutlons,ununes are solvated by solvent golecules and this leading to the

s G960 G €1 18 A 4 o o

main reaSon is the positively charged ammonium ions that possess more acidic

for protonation. Co

alkylamines are qulteI ifferent.

hydrogen will be better solvated than ones which have less protons.®® We suggest that
the introduction of the tren unit into calix[4]arene framework may affects to the space
between nitrogen binding sites. All donor atoms are separated from one another to the
suitable position, which the electronic repulsion is minimized and suitable for the
fourth protonation reaction at tertiary amine group of the tren moiety. The presence
of the calix[4]arene unit may thus enhance the possibility of the protonation at low

proton affinity atoms such as tertiary amine in the solution.
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3.2.2 Complexation Properties of Ligands 6a and 6b towards Co**, Cu**

and Zn** ions

Compounds 6a and 6b possess four nitrogen donor atoms at the binding sites.

Therefore, they are expected to bind first-row divalent transition metal ions such as

Co**, Cu®* and Zn* to give hlgh s omplexes Nevertheless, ligand 6a has
different size of the b1nd1ng cavi with 6b. So, we aim to investigate
the effects of the size of the av1ty ility of the ligand that controlled

the stability of the compyi_'
The binding abili !

carried out by means of

ds Co**, Cu™ and Zn** were
mpetitive method with the
pfoton. The concentratio réus pH that changed during
experiments by additi ion curves are perturbed in the
presence of metal ions en compared to the titration
curves of the calix[4]aren

The titration curves m es. n ligand 6a and 6b with Cu’*,

Zn** and Co** ions in 1.00 x. ﬁlﬁ

"ﬂ',ﬁ'-f’

Figures 3.8, 3.9 and 3,30 respectively.
The other v le secondary cor

O3 in methanol are illustrated in

L;

> that obtained from the

evaluation of stablhty.]onstants 18 € complex forrmtion function’ (n), which

defined as the average number of ligand, L, @ttached to the metal, M. This parameter

et ) 3110113 NEITTS
AR n‘immm%;@?é‘ip

The plot between the complex formation function (n) and the logarithm of

concentration of ligand L (log [L]) will give the information about the types of the
complex formed similar to the plot between E and log [H'] indicated about the totally

proton affinity of the ligands.
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The plot between n versus the log [L] of calix[4]arenes 6a and 6b with Cu’",
Zn>* and Co** ions in 1.00 x 102 M BusNCF3SO in methanol are shown in Fi gures
3.9, 3.10 and 3.11, respectively.

According to Figures 3.11, 3.12 and 3.13, the results show that ligands 6a and
6b form only mononuclear complex (ML**) with Cu®* due to the plots of n versus log
[L] reach 1.0 at log [L] = -14.29 3, respectively. The I:1 complexes are
‘ es reach 1.0 at log [L] = -5.42 for

zinc complexes of 6a and 6b

exhibit significant diff aplex formation. The n values increase
slowly as the function id reach 0.5 when the log [L] of ligand 6a and
6b are —-9.99 and -8.49 ; _‘ :n the concentrations of ligands exceed 5.19
x 107 M (for 6a) and 148 x/10™ A\ e finalimaximum 7 values are 1.0.
These may indicate that 7 e dhé S exist in the low concentration of
ligands while mononuclear €omplexes >‘detected at high concentration of free
ligands. In addition, It als inaplies.that zineBinuclear complexes are the most stable

L >
. . . df suzde s . .
species in the medium pH range aad monont complexes are predominant species

,?1'; 7
in the alkaline solution. kA NS

—

] (
AUEINENINYINg
AN TUNNINGAY
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: 0 mM, (b) 0.882 mM : 0.833 mM, (c) 0.845 mM : 0.846 mM, (d)
0.811 mM : 1.625 mM and (e) 0.780 mM : 1.562 mM.
B) ligand 6b with Cu®" ion at various ratio of 6b : Cu*" : (a) 0.915 mM
: 0 mM, (b) 0.922 mM : 0.923 mM, (c) 0.845 mM : 0.846 mM, (d)
0.845 mM : 0.846 mM and (e) 0.780 mM : 1.562 mM.
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: 0 mM, (b) 0.875 mM : 0.885 mM, (c) 0.839 mM : 0.845 mM, (d)
0.805 mM : 1.629 mM and (e) 0.774 mM : 1.566 mM.
B) ligand 6b with Zn*" ion at various ratio of 6b : Zn>" : (a) 0.915 mM
: 0 mM, (b) 0.840 mM : 0.835 mM, (c) 0.876 mM : 0.871 mM, (d)
0.806 mM : 1.629 mM and (e) 0.775 mM : 1.566 mM.
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: 0 mM, (b) 0.876 mM : 0.871 mM, (c) 0.839 mM : 0.835 mM, (d)
0.839 mM : 0.835 mM and (e) 0.805 mM : 1.602 mM.
B) ligand 6b with Co" ion at various ratio of 6b : Co®* : (a) 0.915 mM
: 0 mM, (b) 0.873 mM : 0.883 mM, (c) 0.837 mM : 0.847 mM, (d)
0.873 mM : 0.869 mM and (e) 0.772 mM : 0.771 mM.
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Figure 3.11  Plots between n versus the log [L] for Cu** complexes with A) ligand
6a at the concentration ratio (6a:Cu”") of 0.811 mM : 1.625 mM and
B) ligand 6b at the concentration ratio (6b:Cu’") of 0.845 mM : 0.846
mM.
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Figure 3.12  Plots between n versus the log [L] for Zn*" complexes with A) ligand
6a at the concentration ratio (6a:Zn”") of 0.805 mM : 1.629 mM and
B) ligand 6b at the concentration ratio (6b:Zn*") of 0.775 mM : 1.566
mM.
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Figure 3.13  Plots between n versus the log [L] for Co®* complexes with A) ligand
6a at the concentration ratio (6a:Co*") of 0.839 mM : 0.835 mM and
B) ligand 6b at the concentration ratio (6b:Co>") of 0.837 mM : 0.847

mM.
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Stability constants of metal complexes of calix[4]arene derivatives 6a and 6b

expressed in terms of overall logarithmic values (log B) are summarized in Table 3.3.

Table 3.3 Stability constants of complexes of 6a and 6b towards Co>*, Cu>* and
Zn™" ions in 1.00 x 102 M Bu,NCF;S0; in methanol at 25 °C

Ligand Species of | 'y log 8
complexes i‘:‘\“’/’ = Cu” Zn>*
n
—
ML* = (- 5+0.06 9.97 +0.06
=

6a NN 15.31+0.06

1.17 £0.07

8.52+0.07

6b 14.28 £0.05
Furthermore, logarith ms ‘of the step imation_constants determined in
1.00 x 10* M Bu,NG tf-_s?"f'_-vvz-":—'_-"—“\' plexation reactions of 6a

and 6b with Zn** and v : And it respectively.

Table 3.4 i eﬁrﬁ : ‘f' d 6b towards Zn>*
it
¢ =, _ /s

L +Zn" === % 9.97 + 0.06 8.52+0.07
ZnL* + Zn™ ==—== Zp,L " 5.34+0.06 5.76 £0.05
ZnL** + OH ZnL(OH)* -8.80 + 0.06 -
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Table 3.5 Stepwise formation constants of complexes of 6a and 6b towards Co>*
in1.00x 10°M BusNCF;S0O3 in methanol at 25 °C

Equilibrium reaction log K

6a 6b
Col™ . 7.5240.02 8.75 +0.04
« 8330.02

L + C02+ —————
CoL™ + OH

calix[4]arenes 6a and 6b

, the decrease of pH was
obviously observed betw: alix[4]arene 6a and 6b alone

and in the presence of met ed the formation of the metal

complexes. The number and R%Bfi’ alent points were indicative of the
number and stoichix\x?try of the complexes formed, although in some cases the

ional species led tc ' ovement of the fit during the

calculation process. DLH:ng the titration experiments f:ﬂ determination of stability

constants, the color of thé solutions contaiﬁdi Cu®* were changed from very pale

blue at acidic ﬂguﬁegbm &]tm l§i ti?o]-nﬂ]ie presence of Co™*,

uncommonly, théusolutions were turped from very.pale yellow togyellow during the
oddion(sf G efeda Sapbl ok oticht bt flnd in cobal
(IT) complexes. The colorless solutions were afforded from the experiments concerned
with Zn** ion.

Both ligands 6a and 6b usually form mononuclear complexes (ML>")
with Cu™, Zn** and Co® ions. Meanwhile, the differences between these two
analogous compounds can also be observed. Calix[4]arene 6a forms zinc complexes

with ligand to metal cation ratio 1:1 and 1:2 (M,L*") as same as found in ligand 6b.
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However, mononuclear zinc complex of 6a is able to coordinate hydroxide ion
leading to the formation of metal hydroxo complex (ML(OH)") while this species for
6b is not observed even at the high pH value. On the other hand, mononuclear cobalt
complex of 6a shows no tendency to form hydroxo species in the solution while
cobalt complex of ligand 6b is capable. Partially protonated species such as MHL*" or

MH,L* or MH;L>* are certainly not encountered in any experiment indicating that all
four nitrogen atoms of the tren i

I//}d 6b were totally involved in metal
Similar to a Plot@and g [%dlsmbunon diagram is also

aviour for each complex. The

coordination.

species distribution diagrams of thie of 6a and 6b with Cu®*, Zn>* and Co™"

Copper(II) com _ ”_' { ) are observed in metal to
protonated species are not
6b are able to form copper(Il)
Cu* ion and CuL?* is 50:50 at

ee Figure 3.14). The concentrations of

involved with coordination'of Cu>* - m
T e e,

complexes even in the acidig apﬁhé’
pH = 4.7 and 4.6 for 6a and6b rggp::yt Ve

-
.",.-'La"

mononuclear compch}CuL“ reach the
and 5.50 (for 6b). Af] h _
detected. This result ixgca;es that tl omplexdﬂ of both calix[4]arenes are
very stable and hard to be«onyerted to the menovalent complexes.

Poss,lbleﬂxu Hh’a fﬁnﬂ;%% wngljeﬂwﬂ ﬁ“ are ZnL>*, Zn,L**

and ZnL(OH)" . The binuclear complgx is the pred&mmant spec1esﬁ the pH range of

72 o 8 Y PERGR SR M T 6 morei

complex i§ not higher than 28% and this species exists at the pH range of 8 to 10. In

om; no hydroxo species are

basic solution, the ZnL(OH)" is the predominant complex and its amount is increased
as a function of pH with the highest population of 98% at pH = 10.4. In case of ligand
6b, the binuclear complex appears in the middle of the pH range (with highest amount
of 46%) and ZnL** is formed at pH above 8.0 and over 80% of its population appear
at pH above 9.3 (Figure 3.15).
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CoL*" is the major product from the formation reaction between 6a and Co>*.
This mononuclear complex is formed at pH over 9 with at least 50% of its amount.
However, for ligand 6b, CoL** can undergoes the hydrolysis reaction and afford metal
hydroxo CoL(OH)" as a predominant species at pH above 8.4 and its exists 70% at
minimum pH value of 8.7. The mononuclear complex of 6b with Co®* appears at the

ount is about 60% at pH = 7.94 (see Figure

pH range of 6.9 to 9.8 and its highest 2
3.16). N

AULINENINYINT
ARIANTAUNNIING 1A Y
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Figure 3.14  Species distribution diagrams of the Cu** complexes in 1.00 x 1072 M
BuNCF380; in methanol at 25°C with A) ligand 6a at the
concentration ratio (6a:Cu’") of 0.811 mM : 1.625 mM and B) ligand
6b at the concentration ratio (6b:Cu®") of 0.845 mM : 0.846 mM.
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Figure 3.15  Species distribution diagrams of the Zn*" complexes in 1.00 x 102 M
BwNCF;380; in methanol at 25°C with A) ligand 6a at the
concentration ratio (6a:Zn>") of 0.805 mM : 1.629 mM and B) ligand
6b at the concentration ratio (6b:Zn”") of 0.775 mM : 1.566 mM.
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Figure 3.16  Species distribution diagrams of the Co>* complexes in 1.00 x 102 M
BwNCF;80; in methanol at 25°C with A) ligand 6a at the
concentration ratio (6a:Co>") of 0.839 mM : 0.835 mM and B) ligand
6b at the concentration ratio (6b:Co*") of 0.837 mM : 0.847 mM.
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From the results described in section 3.2.2.1, they imply that three transition
metal ions, Cu®*, Co®* and Zn™", are able to include into the cavity of host molecules
6a and 6b. Both secondary and tertiary amine groups of the tren moiety are involved
in the coordination character of these two ligands. Copper(Il) and cobalt(Il)
complexes of 6a and 6b possess metal to ligand ratio of 1:1 or can be mentioned that
herefore, both metal ions are very likely
ds 6a and 6b also exhibit the high

tendency to form binuclear ‘ ation reactions with Zn**. This

only mononuclear species are formed.

bound at the cavity of the tres

result may lead to the s@at : the@ allowed to accommodate in

hgands 6a and 6b at the glyeolie'Chain ated near the phenolic oxygen

stable complex with hes nta n s. In 1997, Tuntulani and
his coworkers reported udies of ligand 6a with zinc

ion by means of "H-NMR $pectroscopy __ In the e of 1:1 metal to ligand ratio,

indicating that zinc ion has an i )
—-- - '_,2;’,'} A

the second eqmvalep}xof Zn™* was ¢ the spectrum showed another

! 44 _ppm in addition to the
significant shift of thatQNH S imp@ that the zinc ion probably
resides in the crown unit near the lower rimyof calix[4]arene. Hence, from all results

i N LA O ———

complexes of ligand 6a and 6b as shoa;vn in Flgure 3.15.

QW’]Mﬂ‘ﬁEUﬁJW]’mEI'}ﬂEI
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3.2.2.2 Stability of the Complexes of Calix[4]arenes 6a and 6b

with Cu?**, Zn** and Co®** ions

According to the logarithm of overall stability constants that reported
in Table 3.3, the copper complexes of both 6a and 6b are very stable, as shown by the

high values of log B for 1:1 complex. Ligand 6a shows slightly higher stability

constants than 6b with the diffe %units. This result suggests that the

size of binding unit in 6a &;cause of the effect of ortho
—

substituents. Hence, CUW i Mmtmgen donors in 6a more

than that in 6b and leading. 40 the hig I t. However, this difference is

bilities of 6a and 6b towards
Wdated in the tren moiety,
to obtain the appropriate position

for the strongest interaction. action m v igonal bypiramidal geometry,

Cu®* are quite similar.

the nitrogen atoms wi

as water or methanol in the presence, 0! ordinating counteranions (such as

i;,r'

et -

ClO4" or CF3S03). This assumption are suppor '_ ﬁ ray crystal structures of

which their structures agsir;{ilar (o tl : 7
When the eation is changed tq.,Zn2+ as similar to their Cu”* complex

analogues, llgﬂﬂ%@%%&%l@%%’qlﬂ implexes more stable

than 6b. These ddta can be mterpreteckby conmderng the size of thet)ndm £ moiety in
o @ WAREATF LN TR o oo s
separated @part more than those in 6a. Because of the smaller ionic radius of Zn>*

comparison with Cu®*, the smaller binding site in 6a is more appropiate than the
larger cavity in ligand 6b. These results are encouraged by the difference of overall
stability constants between zinc complexes of 6a and 6b (1.45 and 1.03 in logarithmic

unit for mononuclear and binuclear complexes, respectively).
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However, if we consider the stepwise formation constant, it is quite surprising that the
binding affinity of the second zinc ion for the 1:1 complex of 6b is slightly higher
than 6a (see Table 3.4). This result can also be rationalized in a term of the more
cavity of the host molecule. Distance between the tren unit and glycolic ether chains
in 6b is longer than that in 6a. Therefore, when another zinc ion is included in to the

Jarene, the total electronic repulsion is

binuclear complex in case of 6b.

position nearby the lower rim of cali
decreased and lead to greater char

Ligand 6a also undergoes hydrelysis reacti ords ZnL(OH)", which is largely
prevalent in an alkalin@ a@erall stability constant and

stepwise formation const ' ‘ d —8.80, respectively.

and 6b are totally existed ia'1: 1o . When consider the log 3 values
tendency of the stability
m units). This phenomenon is

exes. Co’* ion is larger than

Cu** and Zn** and requires plex. The cavity of binding site
in calix[4]arene 6b is quite mate ionic radius and lead to a more
stable complex than e ge etal center is probably

plexes, and only 6b is
capable to the adde of @rresponding mononuclear
complexes. The overall and stepwise formation,constants of CoL(OH)" species is 0.42

and 853 respﬂwmmm‘jwmm

e to the data that lrocported in Table 3.3, we ¢ ummarlzed the
e °”Q°W"’]‘ﬁ°ﬁ‘ﬂ R TI ”Fﬂ Bgend 6b with
three cations as follows:
Co** << Cu** >> Zn**
This order is correspond with the Irving-Williams sequence, which always employed
as reference series for the order of stability constants.”’ Unfortunately, the stability
constants of Ni** complexes are not obtained from this experiment due to their slow

solvent exchange reactions leading to the long time required for the equilibrium
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reactions.” The rate constant for solvent exchange reaction of Ni** ion in methanol is
about 10" and 10 times lower than Cu®** and Co®* ions, respectively (See Table 3.6).
This implies that the reaction containing Ni** ions requires more times to reach the
equilibrium. Therefore, the magnitude of stability constants for Ni** complexes of
both 6a and 6b are expected to lower than other cations. This assumption is quite
reasonable when consider other results that obtained from complexation studies of
related host molecules such as ‘
R3Bm and R3Bp (see Fi

Constants of these cryptands and

tripodal amine with Co**; » anzed in Table 3.7.
Table 3.6 Kineti % e of first-row divalent
' transiti 4
S (=
| SF a Ni2+ Cu2+

k,s” 3 X100 1'1 "] 1.0x10° | 3.1x 10
AH" K] mol” 0, 66 7
AS*,JK mol | 50 ,g:r;—f 130 134 44
AV, cm’ mol” : , | +11.4 +8.3

ﬂ 2
ﬂuﬂ’mﬂﬂi‘WMﬂ‘ﬁ

ammmm UAIINYAY
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Table 3.7 Logarithm of stability constants of complexes of compounds Megthe
tren, RGT, R3Bm and R3Bp with transition metal cations at 25°C.
(Shown only the stability constants of important species such as ML*",
M,L* MLOH" or partially protonated species)
Ligand Complex Ni* Co™* Cu™* Zn*
Megtren * ML* +0.03 | 15.65+0.03 | 9.75+0.04
M,L* | - -
R3Bm " ML - ;
M,L* | 25.86 £0.05 :
MLOH; - -
MLH* - -
R3Bp "~ nd © «
nd € -
RGT”® - 18.87 £0.07
- 25.11+0.01
33.38+0.01 -

Note: A) studied in 1@4

JaC1C

A

\1‘
o sy_sﬁm).94

B) studied in 0.1 M Et4NCIOy solution Q.}aqueous system).®

C’“°‘°FT"B3‘EI INYNINYINT
JOEY o eiiens e (ALY

lowest stability constants compared to the other metal complexes. The sequence of

all nickel(II)
p exhibit the

each ligand is different from the Irving-Williams series. The major reason for this

unusually result can be interpreted in term of the geometry of the complexes.

Common coordination number for Ni>*

complex is 4, which regards to possible two

geometries: tetrahedral and square planar. Although all ligands that derived from the

tren molecule posses 4 nitrogen atoms, all donor positions are not available to adopt
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such geometries because of the rigidity of the trem unit. This reason leads to the
significant lower stability constants of nickel mononuclear complex of this type of
ligand. The only 1:1 complexation of Megtren towards Zn”* ion indicates that the
presence of the calix[4]arene unit in 6a and 6b allows the formation of the 1:2
species. However, the real difference of ligands 6a and 6b in comparison with R3Bm

and R3Bp is both octaaminocryptands form no 1:1 complex when the metal ions are

Cu®* and Zn** but formation of mono clear complexes is possibly occurred in the
presence of cobalt and nickel io V '
The other effe ntro ility constants for complexes of

a@ he Cryptate Effect’. Cu’*

1,3-disubstitued calix[4]arene

6a and 6b with first-ro
complexes of 6a and 6b
containing three nitrogen §. Muhict studied i .binding ability towards first
row transition metal ions by Si e tanar i > The complexation
‘ : means of potentiometric
Bu;NCF;S0O3 in methanol

and all titration were perfofime Qj ' _ ity constants of that calix[4]arene

properties of that tria
titration. The inert backg

‘ r than the values from copper
complexes of ligands 6a and 6b rationalized that ligands 6a and 6b
e{f an triaza calix[4]arene
which is only a macrogyelic compound measional structure. When a
metal complex is fordgd, liganc ' stroray bind a cation with less
interference of solvent melecules and counteranions. The formation reaction releases

many free parﬂeuuéj @%ﬂ%@%ﬂﬂﬁ eﬁleading to the high

entropy (AS) ch%ge as well as an. enthalpy (Ag) variation. T&ly results in the

crorm Y QY D ALK G i

the term of high stability constants of complexes.

are cage molecules
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3.2.2.3 Complexation selectivities of Calix[4]arenes 6a and 6b

towards Cu**, Zn** and Co?* ions

The selectivity for one cation (M') relative to another (Mz) can be

expressed as the ratio of the stability constants as follows:

SiM'/M?) = BrioM")/ Brio(M?

’7( SHM'/M?) = BaioM'Y/ Baio(M?)

when B10 and B0 are not erall onstant of a mononuclear and a

cetviies_for ligands 6a and 6b in the

ene derivatives 6a and 6b

Y Brio(M?).

Table 3.8

6b
9.55x 10°

& ﬁﬁﬁ’mi fh EJZ"TI’T et s
selectivity for Zn’ lec 1 y for Cu®* over Zn>*

in presence of 6a is about 107 while this value for#b is 10°. This fefult indicates the
more s&tﬁyﬁf@ﬁdﬂﬁw H%ﬂ% Vl’l&l Mdﬁzletal solution.
However,qwhen compare between Cu** and Co™, ligand 6a shows higher selectivity
towards Cu** over Co?* than 6b (S; = 10" for 6a and S, = 10® for 6b). In addition,
when consider the system-of mixed Co** and Zn**, ligand 6a expresses the greater
tendency of selectivity for Zn>* over Co®*. On the other hand, ligand 6b shows no
significant difference of selectivity between these two cations (S; = 0.58) due to the

almost equal stability constants of the zinc and cobalt mononuclear complexes.
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