CHAPTER II

Syntheses of diaza dioxa dithia p-tert-butylcalix[4]arenes

as heavy metal ion receptors

2.1 Introduction

Crown ethers, discover Charles Pedersen in 1967. have

attracted chemist’s attenti on binding properties.” Metal

cations are important poliu »\\{ l\\_w , therefore, should be removed.
Many researchers pay an_atte on wa \ Crown ethers are capable of

binding alkali and alKaling'ea - en donors. Binding constants of

R
A

crown ethers depend iZe charge densit \ cations. For instances. crown-5
prefers binding Na* to i and Cs” : ‘hile erown \ \ e favorable for K*.* Crown
ethers not only form complexes : ‘Alkaline earth metals, but also transition
metals. Dernimi and cowor: rs, s ‘ erown ethers such as benzo-15-crown-3

(A), dibenzo-18-crown-6 (B) and ¢

no-18-crown-6 (C) as extracting agents
__..'_,,f..l'".‘f A

androther cations. It was found

to remove lead fromag

that Pb** was extracted

transition metals; Ni2+g
B LWA "7 ?rf}‘ﬁ
a / \\ /\

ammnmﬂmmmaﬁ

Benzo-1 5q-crown-5 Dibenzo-18-crown-6 Dicyclohexano-18-crown-6
A B ¢

-_ﬂ» effectively than other

Figure 2.1.1 Crown ether derivatives

Recently, thiacrown ethers have found their applications as soft cation receptors'' and

42-43

appealed researchers in environmental studies.””" By the HSAB concept. a so-called
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coordination to each other.*®  Therefore molecules containing S-atom can bind
strongly with heavy metal ions. However, not many thiacrown ethers were found in the
literature due to the difficulty in handling and incorporating the S-atoms to the crown
ether unit.**

Calixarenes are popular and extremely versatile host frameworks in

supramolecular chemistry. The general strategy used to develop these molecules for

. 50-52
arent calixarenes. "

Crown ether
calix[4]arenes were designec substitution-efpelyethylene glycol on phenolic OH
groups of calix[4]arenc. fectively fo _complexes with alkali metals.
metal ions in environment as

well as in biological orKing with derivatives of calix
[4]arene. Navakun e

studied binding propertig$ of ith transition metals, Zn(I1). Cd(Il) and

watives of calix[4]arenes and

Hg(II), by potentiometric fitra IFS 1t wa '.-..-" 1’ at azathiol calix[4]arene selectively

para-azathiol calix[4]arene ortho-azathiol calix|4]arenc

Figure 2.1.2 Structure of azathiol calix[4]arene derivatives
It is our goal to synthesize a calix[4]arene derivative containing N-, O- and S-donors

(Figure 2.1.3) and study its binding properties with heavy metals. Crown ether tvpe
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derivatives of calix[4]arene which possess sulfur donors are quite rare. It may be

difficult in handling the mercaptan ligands due to their facile oxidizability to disulfide

or polymerization.

0)calix[4]arene
get molecules

In order to overgon bstacle, a 1 thiolate complex is used as a
template for synthesizing m cyclic ¢ pounds ing sulfur donors.”® A square
g two nitrogen and two sulfur

donors was synthesized by the Da ‘s group.”’ (Figure 2.1.4)

ﬂuﬂqw;~%%ﬁﬂni
QRANN TSN U6 8

Figure 2.1.4 Structure of Ni(bme-daco)

The available lone pairs on the thiolatesulfurs of Ni(bme-daco) can also act as
nucleophiles towards alkyl halides on calix[4]arene to produce a number of
macrocyclic nickel complex macromolecules which possess interesting Ni'"" redox
potential. The Ni(II) ion can be removed from the complex by addition of excess KCN

or NaCN salts. The free ligand containing s-donor atom thus can be obtained.



2.2 Experimental section
2.2.1 Synthesis part

2.2.1.1 General Procedure

2.2.1.1.1 Analytical Measurement

spectra were recorded on a Bruker ACF 200
MHz nuclear magnetic resonanc spectrome ﬂﬁmical shifts were recorded in part
al proton o s’gnals in deuterated solvents as

per million (ppm) using the resi
artied out on Bruker Biflex MALDI-TOF Mass

internal references. Mass

Spectrometer.
2.2.1.1.2 Material

Unless otherwise dsolvents were standard analytical grade.
’} \ K, J. T. Baker or Lab scan. They

al grade solvents such as acetone.

purchased from Fluka, BD
were used without further p

dichloromethane, hexa_ne, methanot=ai e _were purified by distillation.

A 3 S e R4 o e L e S HE S RN A S AT, _
2 it

n siica gel (Kieselgel 60. 0.063-

Acetonitrile and CH, e were dred over Calls and freshiy :'- lled under nitrogen prior

to used. Column chromatog

0.200 nm, Merck). Thin-Iayer chromatography (TLC) were performed on silica gel plates

NN NN
PRIAATUAMINYAE
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2.2.1.2 Experimental procedure

2.2.1.2.1 Preparation of 1-bromo-2-p-sulfonyltolueneethane (1a)

oH Q DMAP e
X/\/ + C|—§‘®‘CH3 . X\’O_(S)_<\ /7 CHs
O | S—

NEt;, CH(l,
RT
1
la: X =Br
1b: X =ClI

In a 2-necked round anol (6.0 mL; 56.6 mmol).

triethylamine (17.00 g; ninopyridine (catalytic amount)
were stirred in dichlo 0" mL) at. reom temperature. Toluene-4-
sulfonylchloride (11.03g; 5 ehidromethatie (SO.mL) was added dropwise into

the reaction. The reactio at room temperature overnight.

Subsequently, water (50 c, and the organic layer was

separated. The organic la ortions of 50 mL water. Finally.
saturated NaHCO3 in water phase was then separated. The
organic solvent was removed by a-

(86%).

0 obtain as yellow liquid in 13.59 ¢

Characterization data for'(1a) m

0=773(d,J= 'EIH 2 g V. EJ,;]{ﬂrj,,), 4.20 (t, J = 6.1 Hz.

2H, -OCH>-), 3.39 (1, ] = 6.2 Hz, 2H, BCH,), 2.36 (s¢8H. AcCH,) &/
ARTAINTUUNYEA R

Characterizhtion data for (1b)

'H-NMR spectrum (CDCls, 200 MHz): & (in ppm)

3 =779 (d, J=8.2 Hz, 2H, AtH,), 7.38 (d, J = 5.6 Hz, 2H, ArH,). 421 (. J = 5.9 Hy.

2H,-OCH:-), 3.63 (1, J = 5.9 Hz, 2H, BICH>), 2.44 (s, 3H, ArCH:)
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2.2.1.2.2 Preparation of 25,27-Bisbromoethyl-p-tert-butylcalix[4]arene (2a)

A\
Into a 250 mL two-ne@ , @ suspension of p-tert-butylcalix
[4]arene ( 0.68 g, 1.0 mmo?@ @0 ﬁml) was stirred in dry CH:CN

(100 mL) for 1 h. A sol ¢ (0.605g., 2.30 mmol) in dry
CH;CN (50 mL) was su : /1S€. mlxture was stirred and refluxed
under nitrogen overnig {0 0 room temperature and the
solvent was evaporated to afford a crude product.

Water was added into the mi “the or °r was partitioned. The organic

e »' 2 v
eluant to obtain prov1d‘e3a white” pﬁ der of dibromc

arene dimer (3) in 0. 187 %(23% rand-0:554 - (41 % ) respe

Characterization data for éZa)

'H-NMR spectru ﬂ‘i}f?]"oﬂ Nﬂzﬁfﬂw EJ f] ﬂ ‘j

& =7.05 (s, 4H, Y3 (s, 2H, HOAr) 6.78 (s 4H, HArOH), 427 (t.J = 6Hz. 4H.

N ES Y Lo D o R

Elemental Analysis: Anal Calcd For C44HgO4Br: C, 66.82: H, 7.24

Found: C, 66.99; H, 7.19
Characterization data for (3)
'H-NMR spectrum (CDCls, 200 MHz): & (in ppm)
0 =7.64 (s, 2H, HOAr), 7.00 (s, 4H, m-HAIOR), 6.85 (s, 4H. m-HArOH). 4.60 (s. SH.
OCH-CH>0), 4.51 and 3.35 (dd, J = 12.7 Hz, 8H, AB system), 1.25 (s, I18H. ROArC
(CHs3)3), 0.98 (s, 18H, HOArC(CH3)3)
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2.2.1.2.3 Preparation of 25,27-Bischloroethyl-p-tert-butylcalix[4]arene (2b)

In a 250 mL two-necked 1 J " suspension of p-tert-butylcalix[4]
arene (0.68 g, 1.0 mmol) an . .ﬁwas stirred in dry CH:CN (100
mL) for 1 h. A solution )-tos (0.503 g, 2.30 mmol) in dry
CH;CN (50 mL) was su

under nitrogen atmosp

ture was stirred and refluxed
allowed to cool to room

temperature and evaporat under reduced pressure to give a crude product.

Characterization data fog (2b)

'"H-NMR spectru m

o= 707 s, 4H EFO (s, 2 Ar), 6“(5 4H, pg—l) 4.30 (t, J=6H~z. 4H.
ArOCH,C m ﬁ é" . J=13Hz. SH.
AB systerré %ﬁ aﬁﬁ ﬁﬂl ﬂmh

Elemental Analy51s. Anal Caled For C44Hg,04Cl: C, 74.49: H, 8.04
Found: C, 74.57; H, 7.90
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2.2.1.2.4 Preparation of 25,27-N,N' -bis(mercaptoethyl)-1,5-diazacy clooctane
ethyl-p-tert-butylcalix[4]arene (4a)

2x LR LN

N

i

<\N/,{\\S CH,CN,Reflux ¢

+ PN .
N

2 4
In a 250 mL two-necked rou bo tle@nyped with a magnetic bar and a

., 0.70 mmol) in dry CH:CN
Ni(dme-daco) (0.233. 0.80

reflux condenser, dibromo arene.
(20 mL) were stirred. T
mmol) was added dropwi 8 h. The solution gradually
changed from purple to d evaporated to dryness under
e organic layer was partitioned
twice with water. The organi > dr : um sulfate anhydrous and the
solvent was removed by a | e was separated on a silica gel
column with a mixture of 1 loromethane providing in order the

yellowish green of Nl(bme daco)cs “’r-"'-'. WFL' a) in 0.145¢g (18%).

¥

9
ﬂ‘IJEIT’JVIWﬁWH’]ﬂ‘i
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2.2.1.2.5. Preparation of 25,27-N,N' -bis(mercaptoethyl)-1,5-diazacyclooctane
ethyl-p-tert-butylcalix[4]arene (4b)

5
X" =1 or Cl
In a 250 mL two- ound beftle flask equipped with a magnetic bar and a
reflux condenser, dichloroe S P aconetD \ 0.70 mmol) and Nal (catalytic

amount) in dry CH3CN acetonitrile solution of Ni(dme-

daco) (0.233, 0.80 mmol)'was 4

4 \.\ re was refluxed for 48 h. The
solution gradually changed fro The mixture was then evaporated (o
dryness under reduce pressure to'the mixture and the organic layer
was partitioned twice with wate fgrr"; wﬁ;_ nase was dried over sodium sulfate
vaporator. The mixture was

)
providing in order the ye.m)msh green of H [4]arene (4b) in 0.072 g.

unidentified green complex @ndsthe bstl%neNdWcath]]alene (5)in 0.35 g.
INEITN

ﬂ‘Uﬂ’mB
quﬂﬂﬂim UANINYA Y

anhydrous and the so '________:___A__-‘,.__,

b

separated on a silica g V anol and dichloromethane

Ni(bme-daco)ca
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Characterization data for (4)

'H-NMR spectrum (CDCls, 200 MHz): § (in ppm)
= 7.04 (s, 4H, HArOH), 6.82 (s, 2H, OH), 6.70 (s, 4H, HArOR), 4.05 (br. m. SH-
OCH,CH,S- and -NCH,CH,S-), 3.8.-3.63 (br, 4H, -NCH,CH>CH:N-). 3.54 (br. m. 8H. -
NCH,CH,CH>N-), 3.20 and 4.30 (dd = 13 Hz, AB system), 2.13 (br, m. 4H. -
OCH,CH,S-), 1.93 (br, m, 4H, ‘
18H, ROAN(C(CH>)3) |
MALDI-TOF mass spectrum; ' 235.5 ([M-Nil]") m/z.

UV-vis (A |

Elemental Analysis: \
Anal Calcd. For CsgHg,O4 ©58.54: H, 7:28; N, 2.35%
Found: C,58.08; H, 7.05: N | "

Characterization data for
o - 2

'H-NMR spectrum (CDCls, 200 MHZ):5 (in p

§ = 7.10 (s, 4H, HArOJ

OCH,CH>SCH,CH,;NCH.C ) 1536 (s. 18H. HOArC(CH.)s).

0.82 (s, 18H, ROAIC(C 3). .

¢ .
MALDI-TOF mass;spect egnoﬁsﬂqgi EVT ﬁw‘gr m/z. and 1227.2
([M-NiIg]+).n1/z. a ﬁ ﬁﬁ w
UV-vis (A

RIAIHT R M ANt




25

2.2.1.2.5 Preparation of 25,27-N,N'-bis(mercaptoethyl)-1,5-diazacyclo
octaneethyl-p-tert-butylcalix[4]arene (6)

reflux condenser, 25,27, S aptoeth ~diazacyclooctaneethyl-p-tert-
butylcalix[4]arene(4) and K@ cfe fheated. acetonitrile until the color changes
from purple solution to §ellow solution The e was cooled to room temperature
and filtered to remove solid T'he atio as concentrated by a rotary

evaporator to afford the yellow

Characterization data

'"H-NMR spectrum (CDCls, 200.MHz): & (in

3 =7.03 (s, 4H, ﬂr%)ﬂﬁ(s%n%:w, ﬂl}nﬁ 4.32-1.68 (br. 36H. -

OCHQCstCHZCI'%CH'lCHzCHQN- @d AB syst@), 1.31 (s, lw, HOAI’C(CH;);).

o.%a%lﬁq%ﬁiﬂﬂim NNV e



2.3 Results and Discussion

2.3.1 Synthesis and Characterization of Ni(bme-daco)calix[4]arene

derivatives

We took an attempt to synthesize a calix[4]arene derivatives containing a

M able to form complexes with soft metals

] Mi(bme-daco) synthesized by the
) 57 S

Darensbourg’s group L@;and S- atom donors and as a

nucleophile. Dibromoethylcalix[4]are 2. Nethylcalix[ﬂarene (2b) were

employed as a precursor for a : 10r as well as an alkylating agent. The

macrocyclic N-, O- and S-atom

such as Ag*, Pb**, Hg™,

synthetic methodolog bune-d ethyl ene (4) is represented in
ix[4]arene (2a). 1-bromo-2-

of 2-bromoethanol with p-

tert-butylcalix[4]arene and 2 equi
B

provided the mixtu{ﬁof products#“"fh‘ic' we

40% mixture of hexane and ~ dichloromet . This resulted in
dibromoethylcalix[4]a§'ne e diﬁer (3) in 23% and 41%.
respectively. This syntheitigoute gives a C(Ei’ous amount of by-product, calix[4]arene

dimer (3) sinc uﬁ?%ﬁwl%%&] ﬂlcﬁjpphilic substitution by

p-tert-butylcalix{#]arene can thus occur at both ends of 1a. This side reaction results
./

¢ e
in calix{4] arﬁ‘iﬂi Oggtﬁﬂjld}ﬂ(ﬂﬁfﬂ)ﬂlcalix[4]zu'ene
(4), dic MI ix[4]aren m) as obtained by the reaction between 2

equivalents of I-chloro-2-tosylateethane (1b), which was prepared by the same
method as 1a, and p-tert-butlycalix[4]arene in the presence of K-CO: in CH:CN.
Dichloroethylcalix[4]arene (2b) precursor was obtained by precipitating with

methanol in dichloromethane in 67% yield (Scheme 2.3.1).



K;CO3, CHiCN S S
Reflux - c;

Route B

OHoH {4

P
-
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Scheme 2.3.1 Pathway of synthesis dithia diaza calix[4]arene (4)
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Both dibromoethylcalix[4]arene (2a) and dichloroethylcalix[4]arene (2b) were
characterized by 'H-NMR spectrum and elemental analysis. NMR spectrum of
compounds 2a and 2b possess 2 triplet signals of —-OCH>CH-X at approximately 4.00
and 4.30 ppm for 2b and 3.83 and 4.27 ppm for 2a. In contrast, calix[4]arene dimer
(3) has 1 singlet signal of ~OCH,CH,0- at 4.60 ppm because of the symmetrical
structure of bridging ethylene glycol between two calix[4]arenes. Nevertheless. all of

calix[4]arene units in 2a, 2b a conformation that can be identified

two doublets having J-coupling

constants around 13 Hz.( i Ql and 2.3.2)

J
AUBRNaNIWeIRg | U

T ¥ T ¥ g R T T
5.0 2.0 1.0
PPM

ARIANTUURINGNAE

Figure 2.3.1 'H-NMR spectrum of Bisbromoethylcalix[4]arene (2a) in CDCIl; with
200 MHz
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Figure 2.3.2 "H-NMR sp¢ ca i ne di in CDCl; with 200 MHz
The alkylatig allo}” nucleo i(bme-daco) with dichloro

ethylcalix[4]arene (2b) dre s 0.8 1}' 1 solution of dichlorethylcalix

[4]arene (2b) was sti&e Wi ,ac ,E Ci - . The exchange of CI' by I

facilitates the nucleophlhc ubstitution reacti take place. Subsequently. the

or 48 hours. The solution

gradually turned da ﬁg,«a [he mixtu &/on silica gel column using
a mixture of 15% metlEmol 2 : eluerﬂo afford the yellowish green
Ni calix[4]arene complex gb) in 11% yie&i’ an unidentified green complex and the

bisNi-canxm]ﬁnuﬁ@ ) o) 35%7ie| Bl (b fehsSof unidentified grcen

complex, the re§ult of MALDI-TOF MS showed a molecular ion Cdk at 1026.0 m/z.

which Edlﬁgﬂjrm mqmﬁ]@ tuted complex
shown‘ia ing to [CsgHgoO4N->S5NICI]". Nonetheless. no other

evidences supported the MS result because 'H-NMR spectrum is too broad to deduce
the structure. Moreover, the distribution of the products depends extremely on the
concentration of reagents for route B. More concentration increased the vield of
bisNi-calix[4]arene complex (5) and decreased that of Ni-calix[4]arene (4b). On the

other hand, a reaction of Ni(bme-daco) and dibromoethylcalix[4]arene (2a) in CH.CN
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was refluxed under nitrogen for 48 hours resulting in higher yield (18%) of the green
Ni-calix[4]arene complex (4a). As illustrated in of route A, it is not necessary to put
Nal into reaction since bromide atom is labile enough to undergo nucleophilic
substitution reaction; therefore, the concentration of the reaction has no influence on

the appearing of bisNi(bme-daco).

Ni-calix[4]arene complex\
by 'H-NMR and MALDI- T

due to the effect of th ethlco om the nickel centers. Some
characteristic of the ¢ ; W when compared the integral

ratio of proton signalsap

i-calix[4]arene (5) were characterized

spectra were broad in ~ 2-4 ppm

pim belonging to the segment of
Ni(bme-daco), -NC
and the ethylene brid ower Tin i ne. According to 'H-NMR

between the phenolic units

spectrum of the Ni-calix )¢ thé¥exi ['AB system in the region of 3-4

ppm indicated that the ¢ ion. The integral ratio of the
signals of aromatic protons “€omponent and the proton signals in 1.93-
4.30 region possessing the metTf H), -CHs- in the part of Ni(bme-daco
(12H) and the ethami]ll)rldges Ji‘ﬁ'pfaﬁmg’ () 8:36 implying to Ni-calix

[4]arene (4) in 1:1 -f,;------.-f--—:-—-_-—--;—: ---------- ) {4larene framework (Figure
2.3.3). In addition, | e Saf compound (4) showed :
molecular ion peak at 935 5 m/z, which corresponds to its molecular mass when

stripped off Nﬂw %ﬁﬁﬁ Wcﬁjd}:ﬂ@no to the thioether. It
1y

is assumed thatgthe complex can readily lose the nickel ion to produce a free ligand.

) 01T 61010 AL i

region as 8:56. This indicates that the complex contains | building block of calix[4]
arene and 2 units of Ni(bme-daco) on hydroxy group (Figure 2.3.4.). Mass spectrum
show two molecular ion peaks at 1412.1 and 1227.2 m/z corresponding (o the
[CesH10204N4S4NibI]" ion and the [CegH 0304N,S,Ni]* ion, respectively. These results

thus agree with the proposed structures of Nicalix[4]arene (4) and bisNicalix[4]arene
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(5). We have tried to characterize both compounds by elemental analysis but the
results are not acceptable. Possibly, it has the influence of the mixed counter ions of
CI" and I', which take place from the preparation procedure involving both CI" and TI.

However, the elemental analysis result of Nicalix[4]arene (4a) having 2 atoms of Br’

4
J UM |
IOI.O 9'0 7 D A ‘ ." \‘\ 5 2.'0 I.O
Figure 2.3.3 'H-NMR spectfum of Ni(bmesdaco) hylcalix[4]arene(4) in CDCl; with
200 MHz

‘a

UYINYNINYINT
 ARVAINTU AN Y

M\’\/\ \J \JJ 1\_ .

¥ L2 T T ¥ T T T T
10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0
PPM

Figure 2.3.4 'H-NMR spectrum of BisNi(bme-daco)ethylcalix[4]arene(5) in CDCly
with 200 MHz
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as counter anions agrees with the proposed structure accompanied with 2 water
molecules. Moreover, the '"H-NMR spectrum of Nicalix[4]arene (4a) is broader than
that of Nicalix[4]arene (4b). We presumed that the geometry of Ni-complex
converted from square planar geometry (diamagnetic) with I to distorted tetrahedral

geometry (paramagnetic) with Br.*’ Upon addition of excess KCN into the solution

of Ni-calix[4]arene (4) in CH;CN resulted in immediate decolorization of the

AULINENINYINS
PRI TUAMINYAE
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