CHAPTER II

EXPERIMENTAL SECTION

2.1 Synthesis of Calix[4]arene Derivatives

of “C-NMR spectra were carried'ou 5y DE DEPT-135 techniques.

analysis and quantitatively vity detector. All melting

points were obtained ofi“an Electrothermal 9100 apparatus and uncorrected. MALDI-
TOF mass spec ‘ﬁ m I bly recrystallized 2-
cyano-4-hydroxﬂ?ﬂﬂa mm iX. ’Itj:j: were obtained on a
Nicolet Impact 410 using KBr pellet ifi the range o -400 cm™, &/
RN S TINETa e
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2.1.1.2 Materials

Unless otherwise noted, all materials and solvents were standard analytical
grade, purchased form Fluka, BDH, Aldrich, Carlo Erba, Merck or J.T Baker. They
were used without further purification. Commercial grade solvents such as acetone,

dichloromethane, hexane, methanol thyl acetate were purified by distillation.

Acetonitrile and toluene were d freshly distilled under nitrogen

atmosphere prior to use. D istilled under reduced pressure
and stored over molecul : : cr nitrogen. All operations including
DMF were succeeded by ' graphic operations were carried
out on silica gel (Kieg : lerck). All eluents for column
chromatography were Sto, : dldr siev r 4A prior to use. Thin-layer
chromatography (TL 5 on silica ge (Kieselgel 60 Fas4, 1 mm,

UV-light. All manipulations

were carried out under /ni mn"; .. Sta g material such as p-tert-
i I i, .

butylcalix[4]arene was pre -according 1o literature procedure.”® The synthetic

procedures  of 2-(2 'bmm_‘?-"ﬂ@ﬂ?fw ;-:'.;— la, 25,26,27-tri((2-ethoxy)

benzaldehyde)-p-te tylcalix[4]arene, 3a, 25,26,27 _’, N, N’-tris((2-ethoxy)

, 6,27-N, N’, N"-tris((2-
ethoxy)benzyl)ethylen ene.4HCI, Sa, and 25,26,27-
N, N, N ﬁo : ylcalix[4]arene, 6a,
have been pre éizuﬁ Wﬁﬂmﬁﬁﬁu compounds were
characterized by - NMR spectroscépy, mass speetrometry and elefental analyses.

ARIANNIUARTINE TR Y

benzyl)ethylenetrii

traamme-p tert-butylcalix[4]ar
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2.1.2 Experimental Procedure

2.1.2.1 Preparation of 4-(2’-bromoethoxy)benzaldehyde (1b).

reflux condenser, 4-hydrg
anhydrous (24.21 g, 0.17
1,2-Dibromoethane (24
dropwise through the additios

mixture was refluxed with

) were mixed and stirred.

0 ile (50 mL) was then added

into the mixture. The reaction

ureing -under niftogen atmosphere for 4 hours and then
allowed to cool to room te " - i carbonate was filtered off and
washed with a larg in . The combined filtrate

~ )

was placed on a SlllC gel column and e uted with loromethane. The desired
product, 4-(2"-bromoethoXy}benzaldehyde, Th! was ne ellowish white solid
after the additi ulﬂﬁwtg( 2§gwﬂﬁ ﬁaijy
cr-mar%'aaam@m UNIINYIAY

'H-NMR ‘$pectrum (200 MHz, CDCls):  (in ppm)

was concentrated on“a'rotary orange oil. The residue

8= 9.84 (s, 1H, CHO), 7.83 (d, 2H, Ju.n= 8.9 Hz, -OArH,), 6.97 (d, 2H, Jy.u
= 8.8 Hz, -OArHy), 4.33 (t, 2H, Ju.u = 6.1 Hz, OCH,CH,Br), 3.63 (t, 2H, Jyu= 6.1
Hz, OCH,CH;Br)). (Figure A.2)
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2.1.2.2 Preparation of 25,26,27-tri((4-ethoxy)benzaldehyde)-p-tert-
butylcalix[4]arene (3b)

C ontaining a suspension of
[F (150 mL) was treated with

Intoa 250 mL t»
p-tert-butylcalix[4]arene
barium oxide (5.44 g, 35.63 ~dhe
4-(2’-bromoethoxy)benzaldehxgi@1 R 10l) in dry DMF (50 mL) was then
added dropwise ove;x\.éz hours. The mixture ﬁ heated at 70 °C under

nitrogen atmosphere fof 168 hours (7 da ‘was allowed to cool to room

tirred for 2 hours. A solution of

temperature and evap&lted to dryness under reducetﬂ)ressure to yield a crude

product. The residue was'dissolved in dichlofomethane (100 mL) and the aqueous

solution of 3M M&m&meﬁem EJdg miﬁxe pH of the solution

reached 1. A c&lious amount of water was added and the mixture was stirred
overnighip{{RE e e Themilek HA: kit i dlelpbfrdecnane 30
mL) and Washed with water until the aqueous phase contained no barium ion. The
organic layer was dried over sodium sulfate anhydrous, filtered and evaporated to
dryness to obtain a yellowish orange residue. The residue was dissolved in a
minimum amount of dichloromethane and placed on a silica gel column using the
ratio of the residue and silica gel of 1:30. Unreacted reactants were eluted with

dichloromethane. Both of the desired products, 25,27-di((4-ethoxy)benzaldehyde)-p-
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tert-butylcalix[4]arene  (2b) and  25,26,27-tri((4-ethoxy)benzaldehyde)-p-tert-
butylcalix[4]arene (3b) were eluted with a mixture of dichloromethane and ethyl
acetate (98:2). The trialdehyde calix[4]arene was eluted from the column after its
dialdehyde analogue. The collected fraction of dialdehyde compound was slowly
evaporated and added methanol was added to precipitate a yellowish white powder
(020 g, 2% yield). The trialdet

concentrated on a rotary evap

. _p-tert-butylcalix[4]arene solution was

as subsequently added to afford a

Hz, -OArH,), 7.41 (s, 2H,
(s, 2H, ROAGH), 7.01 (s, 2H,
.3 Hz, AB system, ArCH,HgAr),
7 (s, 18H, ROAr-t-C3H),

”C'N“i“:;"fﬁ‘iiﬁﬁfﬁfij e S

C(CHz3)3), 33.96 (s, C(CHa)s3), 66.86t), 73.00 (t ;]) #315.07 g 125948 (d) 125.67 (d),

127.77 a Wﬂva)ﬁﬂ;ﬁ(ml%% , 149.55 (s),
150.43 (s)! 163.50 (s), 190.76 (d, CH=0).

MALDI-TOF mass spectrum: 945.0 (M + 1) m/z.

Elemental Analysis: Anal Caled for Cs;H7,04: C 78.77; H 7.67.
Found: C 78.77; H 7.69.
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Characterization data for (3b)
'"H-NMR spectrum (CDCls, 500 MHz): § (in ppm)

8= 9.76 (s,2H, CHO), 9.68 (s, 1H, CHO), 7.58 (d, 4H, Jyy=9.0 Hz,

-OArH,), 7.43 (d, 2H, Jyy = 8.5 -

ROArH), 6.70 (d, 4H, Jyy = 8.5 , -0 £:65 (d, 2H, Jyy = 8.5 Hz, -OArHy),

6.57 (d, 2H, Jyy =25 H DALH,), 6. -1 = 2.5 Hz, ROArHy), 5.43 (s,
el

=y 120), 4.47 and 3.33 (d, 4H, Sy =

25 (@;4F Jun = 13.0 Hz, AB system,

: “\\ , 4.18-4.10 (m, 8H, OCH,
CH,0), 1.37 (s, 18H, H : JE 85( 18H, ROAr-#-C,Hy).
o) 0

D), 3158 (g, C(CHs);), 31.68 Q.
)184.16 (s, C(CHs)s), 66.72 (1), 66.85
5 125.15 (d), 125.88 (d),
. 131,63 (d), 132.03 (s).
), 163.10 (s), 163.66 (s),

AU INeNITNYINg

MALDI-TOF mé!!; spectrum: 1093.6 (M + 1) m/z. 2

ARINNNIUNRIINYINY

Elemental ‘Analysis: Anal Caled for C71HgoOy0: C 77.99; H 7.37.
Found: C77.91; H7.52.

C(CHs)3), 33.65 (s, C(CH3)3
(t), 70.16 (t), 73.58 ¢
129.25 (s), 129.28 (s)i"
142.08 (s), 146.08 (s),.146.65 (s), 150.47 (s), 152. 99
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2.1.2.3 Preparation of 25,26,27-N, N’, N ”-tris((4-ethoxy)benzyl)ethylene
triimine-p-tert-butylcalix[4]arene (4b).

bottom flask. A solutign of tris-(2 aminoethylar 50 g, 3.43 mmol) in dry
: yver 2 hours. The solution
was stirred and heatedﬁ atmosphere for another 6 hours to
afford a creamy white grecipitate The p&)‘guct was filtered and washed with

methanol. The ﬂ:uﬁwg Gﬂﬂe%ﬁ Wﬂ;ﬂa and methanol was

subsequently addeéd to precipitate the remammg Schlff base cahx[4]arene The white

TN A g o
97% yield ct sicCator dried in vacuo.
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Characterization data for (4b)
'H-NMR spectrum (CDCls, 500 MHz): & (in ppm)

8= 8.08 (s, 2H, CH=N), 7.92 (s, 1H, CH=N), 7.38 (d, 4H. Jyy.si = 9.0
Hz, -OArH,), 7.20 (s, 2H, HOArH), 7.18 (s, 2H, ROArH), 6.74 (d, 4H, Jy.11 = 8.5 Hz.
-OArHy), 6.63 (d, 2H, Jyq = 2. 53 (d, 2H, Jun = 2.0 Hz, ROArH,),
6.33 (s, 1H, HOAr ), 6.13 (d72H, /i 7 H.), 6.01 (d, 2H, Juu = 9.0 Hz,
-OArHy), 4.93 and 3.34 (@ -8 @em, ArCHAHgAT), 4.58-4.55
(m, 2H, OCH,CH,0), L : = 125 Hz, AB system,
ArCHAHpAr), 4.26-4.18 (m, 6H, OCH,CH,O0), 3.78
: , 3.65 (m, 2H, CH=NCH,-
CH,CH,N), 2.60 (m, 2H,
H, ROAr-+-C,H), 0.85 (s,

31.03 (g, C(CH3)3), 31.68
(g, C(CHs)3), 31.87 (g 3 3.90/(s, C(CHa)s), 34.23 (s, C
(CHa)3), 52.12 (v), ss.ﬂ(t) 54.66 , 65.66 (ﬂ 66.72 (1), 70.85 (1), 74.26
(t), 113.03 (d), 114.62 (d); 124.59 (d), 125.154d), 125.56 (d h) 125.79 (d), 128.66 (s),

12913 ), lzﬂo%&lﬂsﬂ)ﬂ%s’i o 255\ 18578 9. 14085 (o)

145.78 (s), 146 (s), 150.81 (s), }51.31 (s), 153.45 (s), 159.09,(s), 160.32 (s),

CCQRIFERIUUNINGIRY

MALDI-TOF mass spectrum: 1185.7 (M + 1) m/z.

Elemental Analysis: Anal Calcd for C77Ho,O;N,: C 78.01; H7.82; N 4.73.
Found: C 77.95; H 7.66; N 4.77.
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2.1.2.4 Preparation of 25,26,27-N, N’, N”-tris((4-ethoxy)benzyl)ethylene
tetraamine-p-tert-butylcalix[4]arene.4HCI (5b).

e was purged with nitrogen

ours. A c@ous amount of water was

subsequently added to destroy excess sodium borohydride. The organic layer was

e Oy s LI ——

neutral. The org ic phase was sepal?ted and dned over sodium Ufate anhydrous.
o TR SN R B | b s
residue was dissolved in a minimum amount of dichloromethane and acidified with
HCI/CH;0H (0.74% v/v) solution. The resultant solution was allowed to stand at
room temperature for many hours. Upon evaporation of the solvent, the product was

slowly recrystallized from the solution as a white solid (1.44 g, 84% yield).
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Characterization data for (5b)
'H-NMR spectrum (CDCls, 500 MHz): & (in ppm)

8 = 8.64 (s, broad, 4H, ArCH,NH,"), 8.24 (s, broad, 2H, ArCH-NH,"),
7.78 (d, 4H, Ju.x = 8.5 Hz, -OArH,), 7 p(d, 2H, Juy = 8.5 Hz, -OArH,), 7.13 (s,

: H), 6.92 T = 8.5 Hz, -OArH,), 6.59 (d, 2H.,
Jun = 2.5 Hz, ROATH,), 6.57%(d, 2H, /.1 = _ROArH}) 6.54 (d, 2H, Jyv.ui = 8.5

, Ju-n = 13.5 Hz, AB system,
ArCHAHgAT), 4.51 (m, 2 CHA0), 4.48 OCH,CH,0), 4.45 and 3.24
' f s -4.37 (m, 2H, OCH,CH,0),
429-423 (m, 4H, H,CH,N), 4.16-4.06 (m, SH,
ArCH,NH," and OC H, ¢ _\ H,N), 3.70 (s, broad, 2H,
CH;NH,"CH,CH,N ), 3403 (. broad 2H. €H;NH,"CHiCH,N ), 3.37 (s, broad, 2H,
CH,NH,"CH,CH,N), 3.09(s, H; CHLN H,N), 1.33 (s, 9H, HOAr-+-
CyHy), 1.32 (s, 9H, ROAr-+-@yHaj -1-C4H).(Figure A.6)

- E |"J
b ]

e e
7Y
! .

C-NMR spectrum (CDCls, 125 MHz ‘
8 = 30.92 (t, ArCHLA %3121 (t, ArCHLAD), 31.63
(g, C(CH3)3), 31.76 (Qm:(CHs)s) 33.85 (s, C(CHas)3), 34.14 (s,

C(CHs)3), 43.95 (1), 44.13/(250.81 (t), 52.24.(t), 66.81 (1), 67.28 (t), 71.59 (v), 74.09
‘ f

. 114.15 (@), ﬁ‘*u &i ﬂz‘i@ &j m%m lﬂgé &1‘55.13 (d), 125.30 (d),

125.74 (d), 128.8‘!5 (s), 131.98 (d), ¥32.08 (d), 133.15 (d), 135.53; (s), 141.31 (s),

@ ARONG BTG s

MALDI-TOF mass spectrum: 1191.8 (M + 1- 4HC]) m/z.

Elemental Analysis: Anal Calcd for C;7H,0,0/N4Cly: C 69.15; H 7.69; N 4.19.
Found: C 69.19; H 7.76; N 4.16.
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2.1.2.5 Preparation of 25,26,27-N, N, N"-tris((4-ethoxy)benzyl)ethylene
tetraamine-p-fert-butylcalix[4]arene (6b).

CON

Cl *Nu, NHaHNT O

0

tris((4-ethoxy)benzyléthyl ne-p-tert-1 furene. (169 g,

hydroxide (0.20 g, 5.@ mmo 40 mL)E}l‘he reaction mixture was
stirred under nitrogen atme@sphere for 2 hoursy The mixture was evaporated to dryness.

me e I SHE 4D VAL H BIBAHTD o s wo

washed with sevéfal portions of water until the aqueous phase coxhtﬁined no chloride
o ARV KNS A A B
solvent was then removed under reduced pressure to obtain a white solid. The residue
was dissolved in a minimum amount of dichloromethane and added with ethanol. The
solution was allowed to stand at room temperature for many hours. During this
period, the neutral product was slowly recrystallized from the solution as a yellowish
white-needle solid (1.12 g, 74% yield).
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Characterization data for (6b)
'"H-NMR spectrum (CDCl3, 500 MHz): & (in ppm)

8= 7.15 (s,2H, HOArH), 7.08 (s, 2H, ROArH), 7.04 (d, 4H, Jy =
8.4 Hz, -OAtH,), 666 (d, 4H, Jin = 8,0 Hz, -OAtHy), 6.62 (d, 2H, Jyu = 2.4 Hz,
ROArH,), 6.57 (d, 2H, JH-H=2_ 432 \ ) / 44 (d, 2H, Jyy = 9.0 Hz, -OArH,),
6.37 (d, 2H, Juu = 8.3 Hz, -OAsily), 6.12 OAr), 4.78 and 3.26 (d, 4H. Jiy =
13.0 Hz, AB system, A AT 4.6 (m, %ﬂ@) 4.40 and 3.27 (d, 4H.
Jun = 12.6 Hz, AB system, ATCH H;AD), 4 H, OCH,CH0), 4.13-3.39 (m,
8H, OCH,CH;0 and A:r@ // \\\\\\\ NH), 3.50 (s, broad, 2H,
CHNHCH,CH:N), 2.83 (sf bi6 and CH,NHCH,CH,N),
2.66 (s, broad, 4H, CHsNH( ‘ _ ady 3 ArCH,NHCH, exchange
with D,0), 1.34(s, 9H, £ Ar-t-C4H9), 0.85 (s, 18H,
ROAT-1-C4H). (Figure A.7)

g:r T
MALDI-TOF mass spectrum 11 "" N

Flerenist Aslysis B f.8.29: N 4.70

o
ﬂ‘LlEH‘VIEJWﬁ'WEJ’]ﬂ‘i
qmmmm URIINYIAY
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2.2 Studies of Binding Abilities by Potentiometric Titration

2.2.1 General Procedure

2.2.1.1 Apparatus

All potentiometric titrations wer ‘ rformed on an automatic titrator model
DL25 (Mettler, Sw1tzer1and he ‘
controlled at 25 + 0.1°C b )
The concentrations of ( i observed solution were measured by
combined pH electrode ler, S 1tzerland) connected to an

automatic titrator.

hygroscopic propertiesﬁ w%ed with diethyl ether to
removed all remaining w‘;ter and further in vacuo prior to use. Potassium

hydrogen phthalﬁ éﬁlm dtiedac lﬂ“@fw H§ours 2@ pifowed to cool to room

temperature in & desiccator. Synthctlc ammomum salt p-tert-butylcahx[4]a:ene

N T
butylcal a]arcne -tns((4—ethoxy)benzylethylenc

tetraamine-p-tert-butylcalix[4]arene. 4HCl 5b, were dried under vacuum and kept

away from direct sunlight to avoid the decomposition.
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2.2.2 Preparation of the Solutions

Tetrabutylammonium trifluoromethanesulfonate (BuyNCF;SO3) was used as
an inert background electrolyte for all experiments in this part. This electrolyte was
prepared by dissolving weighted quantity of BuyNCF3;SO; in methanol. The
concentration of the inert background electrolyte was kept constant at 1.00 x 10~ M.

Tetrabutylammonium hydroxide (BusNOF in methanol/2-propanol), of which

aint base. This solution was prepared

by dilution of the aforementioned s 0 ioh i MM BuyNCF3S03 in methanol.

prepared by dilution oifthe/Commereial ' d 104 (70-72% in water) in

) was made by dilution of

1.00 M HCIO4 in 1.00 x 10 The HCIO, standard solutions
(1.00 x 107 and 1.00 x 107 B , CF3S03) were prepared from
5.00 x 102 M HClO4 and used?gée: bration. All HCIO, solutions were
standardized with thﬁuﬂ@fi’ ‘Solution prior olutions of metal ions Co™,

Cu** and Zn** were prepared by dis
inert background solutlﬂ ( etal ﬁutions were approximately

1.0 x 102 M. The solut*ons of 25,26,27- %N’ -tns((2-ethoxy)benzy1)ethylene

v I GBIV s sy

benzyl)ethylene %traannne-p—tert—buetylcahx[4]arene.4HCl 5b we vere prepared by

e AT LA AN = o

Bu;NCF; ations of these ligand solutions were about 1.00 x 10~ M.
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2.2.3 Determination of Protonation and Stability Constants

The compounds 5a and 5b were used for basicity and binding ability studies
of their neutral derivatives, 25,26,27-N, N’, N"-tris((4-ethoxy)benzyl)ethylenetetra
amine-p-fert-butylcalix[4]arene 6a and 25,26,27-N, N’, N”-tris((4-ethoxy)benzyl)

ethylenetetraamine-p-tert-butylcalix[4]

)& 6b. All titrations were carried out at 25

y e inert background solution. The
in the term of pH, which

i€ Woiking ect@hbrmed at pH = 2 with a

solution of 1.00 x 10> M H@IO

concentration of the free

equivalent to -log [H'].

junction potentials vary expone | -, X »" | . ¢ ionship (1) was used.
V / "‘“"’“’ N
J'i“ o
g?‘w ,
The values for a and b were de T eas ring the pH of a solution of 1.00 x

10° M HCIO; in 1.00 x 10 Cl
the treatment program in order QOW the aceurate pH value. For each titration,
typically 10 mL of theligaiid solution was adde sfamounts of 5.00 x 10> M

':"*}, e solution was titrated

and b values were included to

with the BusyNOH solugn. tal data weré shown in Table 2.1. For

determination of stability eopstants of metal gomplexes, typically 10 mL of the li gand

i was o8 D) A e i e i f e

ligand. The pH of 'solution was adjusged by addmganed amountuf 5.00 x 107 M

0 AR ] P PGB o

The experimental data for complexation studies with Co>*, Cu?* and Zn>* were shown

in Tables 2.2, 2.3 and 2.4, respectively.
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Table 2.1 Experimental data for determining the protonation constants of
compounds 6a and 6b in 1.00 x 102 M BuysNCF;3S0;5 (25 °C).

Initial concentration (mM) number of
Ligand | Titration Ligand Proton pH range data points
Sa 1 1.014 4.056 3.710-11.001 59
2 0.92208 ”y 2.700-11.032 67
3 é .786-10.691 65
-+ .817-10.861 64
5b 1 4-1 1.333 75
2 143-11.527 86
3 -10 897 54
4 \ 11.083 69

¢ Stability constants of
.00 x 10? M BuyNCF;S0;

Table 2.2 Experimental

compounds 6a and :‘ma. 3

e )

(25°Cmy A
——
Initial concentratio Number of
Ligand | Titration | Ligand. | Proton | g.Co>* pH range data points
AL Al . ™
T TR TR TR
2 Y| 0839 | 7479 0835 | 2.933-1L1J2 71
R Rt 0o e et o
q 4 0805 | 5202 | 1602 | 2.995-11.070 77
5b 1 0873 | 5646 | 0883 | 3.072-10.857 69
2 0837 | 7475 | 0847 | 2.815-10.935 73
3 0873 | 5646 | 0869 | 2.940-10.832 68
4 0.772 | 10967 | 0771 | 2.940-10.924 69
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Table 2.3 Experimental data for determining the stability constants of
compounds 6a and 6b with Cu®* in 1.00 x 10> M BusNCF;SOs

£25°C).
Initial concentration (mM) Number of
Ligand | Titration | Ligand | Proton Cu™* pH range data points
Sa 1 0.882 57 3.018-10.834 56
2 3.071-10.939 59
3 - 3.002-10.874 74
4 _ 3.078-10.848 73
5b 1 3.653—1 1.000 64
2 407-11.155 82
3 667-11.252 79
4 .548-11.175 86

Table 2.4 Experimental data
S

he stability constants of

compounds 10* M Bu,NCF;S0;
SO |
J @
ipitial concentrationmM) Number of
Ligand | Titafon | T ki) Jloolod | [9 27 ) | | fffinee | data poins
5a 1 7] 0875 5655 | 0885 | 3.114-10]63 60
AN INA e
q 0.805 | 5.202 1.629 | 3.027-10.130 62
4 0.774 | 6.904 1.566 | 3.097-9.968 63
5b 1 0.876 | 5602 | 0871 | 2.904-10.865 71
2 0.840 | 7.356 | 0.835 | 2.929-10.930 73
3 0.806 | 5.153 1.629 | 3.051-10.908 79
4 0.775 | 6.808 1.566 | 2.988-10.930 82
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The experimental data were evaluated by the computer program
SUPERQUAD.” The results were reported in terms of the logarithm of overall
equilibrium constants (log ). For determination of stability constants of
complexation of ligands and transition metal ions, these formation constants were
calculated together with protonation constants of each ligand. The protonation

constants of each ligand were fixed a

onstants during the refinement process. The

]
1l

AU ININTNEINS
ARIANTAUNIINGIAE

12060252
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