CHAPTER 2
EXPERIMENTAL SECTION

2.1 General Procedure

2.1.1 Analytical Instmmen(

! @re recorded on a Bruker ACF

pE - n all cases, samples were

Nuclear Magnetic Re
200 MHz nuclear magneti

dissolved in deuterated ¢ were recorded using a residual

isible Spectra were recorded on

Spectronic 3000 ARRAY /Spect, Vielting points were taken on an
Electrothermal 9100 apparatas. ared : 1\- d out with Nicolet Impact
410 FT-IR Spectrometer - _‘,- ¥ 4 \ \

Electrochemical medSugémic: ;Qf; .» ed using potentiostat PG100, with
standard three-electrode ce elic voltamme vas performed using a glassy
carbon and Pt wire as working and ref slectrode respectively, all the potentials

e "'-“"’"‘:“‘”’r"l

refer to an Ag/AgCl ﬁfeteme W

> working electrode was

: 12 polishing pad. Solutions
were deaerated by passnB _ S minEPnor to each experiment.
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2.1.2 Materials

All reagents in standard analytical grade were purchased from Fluka, J.T.
Baker and Merck and used without further purification. Commercial grade solvents
such as dichloromethane, acetone, hexane and methanol were distilled before used.

Chromatography separations w¢ erformed on silica. (silica gel 60 Merck
7734) Thin layer chromatography (1 . i
60 Fasq) Sy
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2.2 Synthesis of polymeric salens.
2.2.1 Synthesis of polymeric diethyleneglycolic salen (7)
2.2.1.1 Tosylate ester of diethyleneglycol (1)

HO 0/_\ OH TsO P OTs
1
A stirred mixture mmol), triethylamine (15

0 °C. Then, the soluti
(50 mL) was added

ol) in dichloromethane

lowed to warm to room

temperature. The reaction}r e [ et the reaction was completed,
the solution was then poured tg.-x chloric acid (50 mL) and extracted with
dichloromethane (3 x 25 mL). Tk t was dried over Na;SO,4 and the
solvent was evaporats&oﬁ Re e/ether afforded the
desired product as a whife solid (67% yield). TLC (hexane:ethylacetate =

70:30), '"H-NMR (CDCTE}& 43 (. CHyCH;0, t, J = 4.8 Hz), 4.07
(2 TSOCH:CHy, t, J = 4.6,Hz), 7.33 (4 AtH, 4, J = 8.3 Hz), 7.76 (4 Arl, d, J = 8.3
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2.2.1.2 Diethyleneglycol bis(4-salicylyl)ether (4)

HO

=9 _TBAL K;CO; 0§>0' ‘Fo—<2—c
2 |/ + TsO F OTs CHiCN, 70-800C

H
@e (2.0 g 145 mmol),
1

‘o) _ 2.0 g, 15.0 mmol) and

1

A stirred mixture of A.,.l':
diethyleneglycol ditosylate (3.0 g,-7.

tetrabutyl ammonium iodide (0 / mal) in. '_ itrile (50 mL) was heated at
70-80 °C for 24 hours under.m / sphere.  The reac tion was monitored by
TLC. After the reaction wa en poured into 2 M

hydrochloric acid (50
organic extract was dried owve

product was purified by colu

e (3 x 25 mL). The
» removed. The crude
cxane:ethylacetate = 70:30).

Recrystallization in methano a product (58 % yield).

e '__
TLC Rf = 0.26 (hexane:ethylaceg ):30), "H-NMR spectrum (CDCL): S 3.92
(2 OCH,CHa, t, J = 4.5 Hiz), 4116 (2 OCH,CH, ,6:40 (2 ArH, d, J = 2.0
Hz), 6.52 (2 ArH, dd, J 20~ and 8:5 Hz); 7:38° @ = 8.5 Ha), 9.70 2

ArCHO, s), 11.44 (2

@
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2.2.1.3 Preparation of (R,R)-diaminocyclohexane tartrate salt (10)'°

® = 2 @
oC - o H OH
HOOC: CooH SO0 = S a3

(=) . ©

‘ 00C COO
— - 10
A 500 mL beaker acid (25.0 g, 166.5 mmol)
and distilled water (60 1 t room temperature until

: of cis- and trans-1,2-
diaminocyclohexane (40 325 J mmol){ \ ate such that the reaction
temperature just reached 70 °¢" To the resulting solution wWas added glacial acetic acid

£ fiat, thasteae rature just reached 90 °C.
ion of the acid and the slurry

was vigorously stirred while it m | ‘ temperature over 2 hours. The
mixture was then coo’lﬁl to 5°C wnfm lce bath ft wours and the precipitate was
collected by vacuum filfrs Ve >d with cool water (20 mL)
and then rinsed with r@han . - soluﬂwas dried by drawing air

through the filter cake fog 1 hours. The p{lduct was then dried at 40 °C under

T IR R .

white solid.
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2.2.1.4 Preparation of polymeric diethyleneglycolic salen (7)

The stirred mixtur alicylyl) ether (0.5 g, 1.5
mmol) (R,R)-trans-1,2-diz ate salt (0.4 g, 1.5 mmol)
and K,COs3 (0.2 g, 1.5 mmel) in ¢ ed at 70-80 °C. After the
polymer precipitated, e ' u '4 [F (10 mL) was added as
solvent. The reaction mi> 24 hours. Then, the volume

of the reaction mixture poratlon and the reaction

mixture was poured into ar a.g?‘qnt € . The product was filtered and
PRGN

dried under vacuo. The prod ct‘-wgfo aine cllow solid (79 % yield). The

structure of the product was confirmed by 'H-NMR. 'H-NMR (CDCL): 8 1.40-1.86

(4 cyclic CH,, broad);3.16 (2 cyclic CH broad), : CH,, broad), 4.02 (2
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2.2.2 Synthesis of polymeric triethyleneglycolic salen (8)
2.2.2.1 Tosylate ester of triethyleneglycol (2)

ET3N, DMAP %
. 10”0 o ors

N N om * CHClp, R~
Il ’
///

A stirred mixture o g col ., 52.0 mmol), triethylamine (15
mL) and DMAP (catalyt'A hloromethane (50 mL) was cooled at
0 °C. Then, the solutio . '\ mol) in dichloromethane
(50 mL) was added drop ise and \u 0 »\:‘\ warm to room temperature.
The reaction was mo - FTRC. A ' on was completed, the solution
was then poured into 2 ! ochl e ac \ 0 mL) and extracted with

5 dried over Na,SO4 and the
solvent was removed. Recrystalliza C fi omethane/ether afforded the desired
product as a white solid (73% - fe 7 ' 0.11 (hexane:ethylacetate = 70:30),
H-NMR (CDCL): & 343 (2 A ::;_' Ha, 5), 3.61 (2 CHIOGH, /8), 3.64 (2 CH;OCH;O. t,

= H, d, J= 8.5 Hz), 7.76 (4

ArH, d, J = 8.0 Hz) m
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2.2.2.2 Triethyleneglycol bis (4-salicylyl)ether (5)

HO

H I\ TBAL K,CO;, PF (}-—Q—C}{o
2 + 107 0 o ors R cno—@—p N
HO

A stirred mixture idehyde (2.0 g, 14.5 mmol),
triethyleneglycol ditosyl (2.0 g, 15.0 mmol) and
tetrabutyl ammonium iodi rile (50 mL) was heated at
70-80 °C for 24 hours un 2 » eaction was monitored by
TLC. After the reacti , leted, | the solution was then poured into 2 M
hydrochloric acid (50 acted methane (3 x 25 mL). The
organic extract was dried :nt was removed. The crude
product was purified by exane:ethylacetate = 70:30)

Recrystalization in methanol/Hzo y g olid as a product (32% yield). TLC
R¢ = 0.13 (hexane: trin/laeeﬁtg =70:30), 'H-NM - _jb (CDCL):5 3.85 (4
OCH,, s),386(40 -------- GCID, 1, J = 5.0 Hz), 6.41 (2
ArH, d,J=2.0 Hz), 6.5T(2 Atk : ),m” (2 ArH, d,J = 8.5 Hz),
9.68 (2 ArCHO, ), 11.48 (2 ArOH, s)
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2.2.2.3 Preparation of polymeric triethyleneglycolic salen (8)

u""'g;»-o’_\(/ﬂ(ﬂ0_<;>_cm+ Q\Qﬁ; K2CO3 EtOH/THF R

HO ™ HO

The stirred mixture o© : cylyl) ether (0.5 g, 1.3

mmol) (R,R)-trans-1,2-diamine€ _ jexa \ ate salt (0.3 g, 1.3 mmol)
and K,COs (0.2 g, 1.3 mrfiol) iff ¢ (10 mL) \\\ at 70-80 °C. After the
polymer precipitated, ethafol was rémoved and f 10 ml) was added as

solvent. The reaction mixt \ ours. Then, the volume

of the reaction mixture was red ed 10 y evaporation and the reaction
mixture was poured into an excess a of methanol. The product was filtered and

dried under vacuo. The product a yellow solid (81 % yield). !

NMR spectrum (CDCls): “ d),3.1 (2 cyclic CH, broad),
3.67 (2 OCH,CH,, broady Y, ~4:03(2-OCH;CHz; b O J H, d, /= 2.0 Hz),
6.96 (2 ArH,d, J=8.5 HzBS. 2 A _ , broad)

ﬂum‘wﬁmwmm
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2.2.3 Synthesis of polymeric tetraethyleneglycolic salen (9)
2.2.3.1 Tosylate ester of tetraethyleneglycol (3)

H;
N

w” N Yo o on + U ——-ﬁﬁ;},z, e 1507 o o o ots

0=$=0
a
§‘

I,

.‘.
. T —— = .

A stirred mixture of ene glycol (S ., 52.5 mmol), triethylamine

(15 mL) and DMAP (cat fount) in d y dichl ethane (50 mL) was cooled

3

at 0 °C. Then, the solutiox ysylehloride (20.0 g, 105.0 mmol) in dichloromethane
(50 mL) was added dropwi fetion s ullo warm to room temperature
The reaction was moni completed, the solution
was then poured into nL) and extracted with
dichloromethane (3 x 25 n as dried over Na,SO,4 and the
solvent was removed. The urified by column chromatography
(hexane:ethylacetate = 70: 30) - was obtained as a product (71%
yield). TLC Ry = =020 (hmneethy R(CDCL): § 2.42 (2
ArCHj, s), 3.50 (2 0-';-'“" """""""" J = 4.5 Hz), 410 (2

OCH,CH,0, t, J = 4.5 IE), ' , 7@4 (4 ArH, d, J = 8.5 Hz)

ﬂumwmwmm
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2.2.3.2 Tetraethyleneglycol bis(4-salicylyl)ether (6)

'HO
™ Y SRR ey O
H

3 6
A stirred mixture of 2.4-¢ {&hyde (2.0 g, 145 mmol),
tetraethyleneglycol ditosylate (3.6 g, 7.3 mmo 03 (2.0 g, 15.0 mmol) and
18-crown-6 (0.38 g, 1.44 mamé setonitrile (50 ml) was heated at 70-80 °C for 24

hours under nitrogen atmosphefe, 1] e-réaction w mnitored by TLC. After the
reaction was completec \ n \ 0 2 M hydrochloric acid (50
mL) and extracted with'@ i€ organic extract was dried
over Na,SO4 and the product was purified by
) yielded colorless liquid as a
product (13 % yield). TLE Re= 0.16 \ylacetate = 60:40), 'H-NMR
(CDCl):8 3.81 (2 OCH,CHa,, :s} X b, t, J= 5.0 Hz), 4.11 (2 OCH,CH,,
t, J = 5.0 Hz), 649 5‘;’ J = 8.5 Hz), 9.68 (2
ArCHO, s), 11.44 (2 g s Y |

2
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2.2.3.3 Preparation of polymeric tetraethyleneglycolic salen (9)

opfFP(/_\O—Q* :g%{i.i ch;‘));. ;uoo:rmr ’5:{
H Hob

o/\/o\/\o/\/o\/\o
6 10 1), 9

The stirred mixture -salicylyl) ether (0.5 g, 1.2
mmol), (R, R)-trans-1,2-diz ate salt (0.3 g, 1.2 mmol)
and K,COs (0.2 g, 1.2 mmel) i ethano. » heated at 70-80 °C. After the
polymer precipitated, eths émovel F (10 mL) was added as

solvent. The reaction mi: 24 hours. Then, the volume
of the reaction mixture

poured into an excess amount i‘ﬁé%gn ;
i F

] the reaction mixture was
| -_ was filtered and dried under
(83% yield). "H-NMR (CDCly):8
clic.CH, broad), 3.67 (2 OCH,, broad),

S
370 (2 CH;CH;0, broad); .01 (2 OCH : 62 AH, d, J = 8.50 Hz),
6.92 (2 ArH, d, J = 8.0 05 (2 ArCH=N, : ), "ATCHO, s), 11.48 (2 ArOH,

@
ﬂUEJ’JVIEJWiWEﬂﬂ‘i
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vacuo. The product was obtz ed, a5
1.40-1.86 (4 cyclic CH,, broad)
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2.3 Complexation studies and their solubility tests.

2.3.1 The complexation reaction of polymeric diethyleneglycolic salen
with Ni**, Co**, V** and Mn*" ions. (11)

7 11
A solution of pol ie"di neg yC lic salen (0.1 g, 0.2 mmol) in THF
(10 mL) was mixed wi 2ghcbu 5 L) soluti Ni(OAc),.4H,0 or

Co(OACc),.4H,0 or VOSO4

mmol). A precipitation was ob

) and CH;COONa (0.5
saction mixture was heated
at reflux for 3 hours and then sti ed S foom' teimperature overnight. The solid was

filtered and washed with H,O, EtO H-and eth sectively. The resulting solid was
dried under vacuum to give the meric salen ¢ ' e solubility in various
solvents of all complexes % & et ——————— ‘

L
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2.3.2 The complexation reaction of polymeric triethyleneglycolic salen
with Ni**, Co?*, V** and Mn?" ions. (12)

NQ + s, CHsCOONa/THF/H,0 QN
sz reflux M
" 0~ O oA 0™~ O~
8 ) "//// 12
= |

A solution of polymeri aylencg 1 g, 0.2 mmol) in THF
(10 mL) was mixed with a of Ni(OAc),.4H,0O or
Co(OAc),.4H,0 or VOSO4 o _ d CH3;COONa (0.5
mmol). The reaction mixiure was heated atrefl 3 hours and then stirred at

room temperature overnigh

extracted with CH,Cl,. The

s alid avns abtained. Thiike

organic layer was collectfg and evaﬁofafed.f

the reaction. In these case! . the pre : d washed with H;0,

EtOH and ether respectively. All products were dried under vacuo. The solubility in

i TEIT Wﬁ’ NYNT
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2.3.3 The complexation reaction of polymeric tetraethyleneglycolic salen
with Ni**, Co**, V*" and Mn”" ions. (13)

. R
e ::@O,\,ov\ s ‘Nﬂi ::\Qo«»wo/\/o\/\
R |77

Co(OAc),.4H,0 or VOS Ac)z.4 1 ). (0.2 mn and CH3COONa (0.5
mmol). The reaction mixt at tet ours and then stirred at
room temperature for overni exation reaction of polymeric
tretraethyleneglycolic salen ‘the reaction remained

homogenous.  Therefore, the reaction “was allowed to cool to room
Fim M)A oy
temperature and then br?ﬁ (20 ml ) was added.” The 1
5 .
With CHzClz. The orga i’,::"':‘—"-:::—: cted ana evapc

obtained. Unlike mangafidse comp of Ni*, Co?* and V*

ixture was extracted

e brown solid was
precipitated out during the r%gc;iim. In these cases, the préc1pitates were filtered and
washed with Hy t , i | ts~were dried under
vacuum. The sohmg nﬂm;ﬁfmﬁeﬁa)& imined.
| ¢ o Y
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2.4 The determination of degree of complexation by Atomic Absorption
Spectroscopy (AAS)

The degree of complexation were determined by standard addition method to
avoid the matrix interference. Flame Atomization Technique was performed by using

air/acetylene as the flame.

2.4.1 Standard preparation "/
Ni(OAc),.4H,0 (0.0254 (OAc
into 100 mL volumetric flasks
10 M standard solution. '
2.4.2 Sample prepa

(Ni-(EG)ssal)a (0.0
HNOjs(conc) and gently

.0244 g) were transferred
added to the mark to give

transferred into 100 mL vol

give 10 M sample solution.

2.4.3 Sample preﬂratlon ﬂ;fgﬁ“ _ :

The standard so :::—-:——»—--:--_f —————————— ghsferred into 100 mL
volumetric flasks and then? mL of s: AS a ed into each flask. The
volume was adjusted to the mark with distilled water to give approximate 10° M

- R3E ﬁsﬂ"ﬁ (r) 133010 B

absorption.
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2.5 Electrochemical Studies
2.5.1 Apparatus
Aqueous system
Platinum electrode , Ag/AgCl (saturated with KCI solution) and platinum coil

were used as a working electrode, a reference electrode and an auxiliary electrode,

respectively. Phosphate-buffered solutiO\(‘
\

f , pH 7.4) was used as a buffer.
Non-aqueous system ‘u\ /)
Glassy carbon electrode ,@ and p

ire were used as a working

<

electrode, a reference elec v r— d
Tetrabutylammonium perchl '
electrolyte. AgNO; (0.1
interference from O, the

measurement.

2.5.2 Electrode Prepa
The studied complex (5 »Cl; (100 pL) and then the

king electrode. The modified

] ol

———

afed-—on

complex solution (5 pL) was coated or
B et

electrode was left in the open air for tion. The similar

2.5.3 Effect of the eleé:tLoilytes

L7
To find out ﬁ %Ej @ﬁﬂm aqueous and non-
aqueous conditionsjwere utilized. The cyclic voltammetry measured at the scan

RO WE: 1Y B o ) 1
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2.5.4 Sensitivity of the metal-salen modified electrode to the selected
analytes

The analytes tested in this work were methanol, styrene oxide, pyridine,
methylbenzylamine and (R,R) and (S,5)-1,2-diaminocyclohexane. The cyclic
voltammetry using modified electrodes was performed in the non-aqueous electrolyte
containing 200 pL. methanol (5.00 x
(248 x 10" M) methylbenzylami
diaminocyclohexane (1.00
salen electrode both in the

ene oxide (1.76 x 10™" M), pyridine
0' M) and (RR) and (S,S)-1,2-
grams of modified metal

s were compared.

\ nalytes
\ \ measurement of either the

increasing of oxidation

/ ﬁ-oﬂl‘ ‘-_‘ S ~ s dltlon of the analytes in

acetonitrile containing TBAP 'by using m ,:"f ‘salen coated electrode as working
electrode.

2.5.5 The linear
The linear range of g
shift of oxidation ¢

current of the analytes

ﬂummmwmm
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