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ABSTRACT

Three novel Salicylaldehyde derived macrocyclic Schiff bases were synthesized and
well characterized by Elemental analyses, IR, Mass and 'HNMR spectral data. The
liquid-liquid extraction of metal cations (Ag” and Cu2+) from aqueous phase to organic
phase was carried out using these ligands. The effect of chloroform and
dichloromethane as organic solvents over the metal picrate extraction was investigated
at 25+0.1°C by using atomic absorption spectrometer.

Keywords: Macrocyclic Schiff bases; metal cation extraction; solvent partitioning.

1. INTRODUCTION

Schiff base are an important class of ligands due to not only their useful physical and
chemical properties but also for the biological importance [1,2]. Over the past few years
macrocyclic Schiff base ligands have received vital attention not only because of their
pharmacological properties [3,4], soft-hard donor character and coordination behavior [5,6],
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but also for their capacity for chemical recognition of anions and metals of biochemical and
environmental importance [7,8]. Heteroatom containing such as Nitrogen based macrocyclic
bases showed similar mode of metal incorporation as metallo proteins have shown in which
the requisite metal ion is bound in a macrocyclic cavity or cleft produced by the
conformational arrangement of the protein [9]. Metal ions have enormous importance in
many biological processes, but the increased concentration of metal ions especially heavy
metal ions exerts toxic effects on living system [10]. Therefore, separation and determination
of metal ions in environmental sources and living organisms play an important role for the
sustainability of healthy life [11]. The need for the extraction of such metal ions encourages
the synthetic chemists for synthesizing such macrocyclic compounds having effective
extractability [12]. Macrocyclic Schiff base ligands showed good extraction abilities for the
removal of different metal ions [13,14]. In this work we report three new macrocyclic Schiff
bases and studied their properties for the extraction of Ag" and Cu®* ions using different
organic solvents.

2. EXPERIMENTAL DETAILS
2.1 Materials and Physical Measurements

All the reagents and solvents were purchased from Sigma-Aldrich and they were used as
received. Reactions were monitored by thin layer chromatography (plates coated with 0.2
mm Merck 60 F254 silica gel) and were visualized by UV irradiation (254 nm). Elemental
analyses were carried out with a LECO-CHNS-9320 model. 'H NMR spectra of compounds
were recorded with a Bruker Spectrospin Avance DPX-400 using TMS as internal standard
and dg DMSO as solvent. Infrared spectra of compounds were recorded on a Philips
Analytical PU 9800 FTIR spectrophotometer. The melting points of compounds were
determined with a Gallenkamp melting point apparatus. Electron impact mass spectra
(EIMS) were recorded on a JEOL MS Route instrument. A Hitachi Model 180-80 Atomic
absorption Spectrometer (acetylene/air flame) was used to determine the concentration of
metal ions.

2.2 Synthesis of 2, 2'-(ethane-1,2-diylbis(oxy)) Dibenzaldehyde

To a solution of salicylaldehyde (0. 2 mol) and K,CO3 (0.1 mol) in DMF (100 cm3) was added
drop wise 1,2-dichloroethane (0.1 mol) in DMF (40 cmg). The reaction mixture was allowed
to stir for 10 h at 150-155°C and then 5 h at room temperature. After the addition was
completed then 200 cm® distilled water was added and was place in refrigerator. Then, after
1 h precipitates were collected, washed with water dried and recrystalized through ethanol

(Fig. 1).
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Fig. 1. Synthesis of 2, 2'-(ethane-1,2-diylbis(oxy)) dibenzaldehyde
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2.3 Synthesis of Schiff Bases

To a methanolic solution of 2,2'-(ethane-1,2-diylbis(oxy)) dibenzaldehyde (0.2 mole) was
added respective primary amine (0.2 mole). Mixture was refluxed for 3 hours, precipitates
were formed. The completion of reaction was confirmed by TLC. Precipitates were cooled to
room temperature, filtered, washed with methanol and dried in oven (Fig. 2).
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R
N 4 HC=N" “N=CH
Reflux
o o + HN-R-NH; ——— > @-o o
n_/ _/
Where R is;
Ligand R
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Fig. 2. Synthesis of Schiff bases (L4-L3)
2.4 2, 2'-(ethane-1,2-diylbis(oxy)) dibenzaldehyde

Bright brown solid, Yield: 80%, m.p: 104°C; IR (KBr cm™"): 3112 (Ar-CH), 2948, 2821 (Aliph.-
CH),1675 (C=0),1485,1461 (Ar-C=C),1281,1231 (Ar-O); Mass spectrum (ESI) [M]": 270;
Anal Calcd. for CigH1404 (%): C,71.10; H, 5.22; O, 23.68. Found (%): C, 71.01; H,5. 02; O,
23.53.

2.5 Compound 1 (L,): (5E,9E)-7,8,16,17-tetrahydro dibenzo [e,m] [1,4,8,11]
dioxadiazacyclotetradecine

Reddish brown solid; yield: 78%; m.p; 121°C; IR (KBr cm'1): 3018 (Ar-CH), 2928 (Aliph-CH),
1669 (C=N), 1655 (Ar-C=C),1245 (Ar-0); 'H-NMR (DMSO-dg): & 3.95 (m, 4H, N-CH,), 4.24
(m, 4H,0-CH,), 7.13 (m,2H, Benzene ring), 7.21 (d,2H, Benzene ring), 7.47 (m, 2H,
Benzene ring), 7.63 (d, 2H, Benzene ring), 8.12 (s, 2H, N=CH-); Mass spectrum (ESI)
[M]"=294; Anal. Calcd. for C1gH1gN,O; (%):C, 73.45; H, 6.16; N, 9.52; 0,10.87. Found (%):
C,73.41; H, 6.13; N, 9.50;0,10.74.

2.6 Compound 2 (L,): (5E,12E)-8,9,10,11,19,20-hexahydro-7H-dibenzo [e,p]
[1,4,8,11,14] dioxatriazacycloheptadecine

Yellow solid; yield: 68%; m.p: 147°C; IR (KBr cm'1): 3038 (Ar-CH),2916 (Aliph-CH),1685
(C=N), 1625 (ArC=C),1268 (Ar-O); 'H-NMR (DMSO-dg): 6 2.81 (m, 4H, N-CH,), 3.62 (m,
4H,=N-CH,), 4.46 (m, 4H,0-CH,),7.02 (m, 2H, Benzene ring),7.47 (d, 2H, Benzene
ring),7.69 (m, 2H, Benzene ring),7.92 (d, 2H, Benzene ring), 8.1 (s, 2H, N=CH-); Mass
spectrum (ESI) [M]" = 337; Anal. Calcd. for CoHN30, (%):C,71.19; H, 6.87; N,12.45; O,
9.48. Found (%): C, 71.12; H, 6.81; N, 12.37;0, 9.42.
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2.7 Compound 3 (L3): (5E,15E)-7,8,9,10,11,12,13,14,22,23-decahydro dibenzo
[e,s] [1,4,8,11,14,17] dioxatetraazacycloicosine

Black solid; yield: 74%; m.p: 180°C IR (KBr cm™): 3010 (Ar-CH), 2933 (Aliph-CH), 1595
(C=N),1675 (Ar-C=C),1230 (Ar-O);"H-NMR (DMSO-dg): & 2.61 (m,4H,HN-CH,-CH,-NH),
2.83 (m,4H, N-CH,),3.52 (m, 4H, =N-CH,),4.42 (m, 4H, O-CH,), 7.13 (m, 2H, Benzene ring),
7.21(d,2H, Benzene ring),7.42 (m, 2H, Benzene ring),7.66 (d,2H, Benzene ring), 8.15 (s,
2H, N=CH-); Mass spectrum (ESI) [M]" = 380; Anal. Calcd. for C,,H2sN40, (%): C,69.45; H,
7.42;N,14.73;0,8.41. Found (%): C,69.42; H,7.32; N,14.62;0,8.37.

2.8 Solvent Extraction

Ag” and cu® picrates were synthe3|zed by the addition of metal nitrate solution (1 x1072 M) to
aqueous picric acid solution (1. 25><10 M) and then shake this mixture for 1h at 25°C. Then,
5ml organic solution of 1 25x10° M contalmng macrocycllc Sch|ff base was allowed to mix
with 5ml aqueous solution of 1. 25x10™ M containing Ag” and cu® picrate. The mixture was
shaked well and then to allowed to stand for 1 h to complete the extraction. Aqueous and
organic phase were separated and concentration of cation were determined in aqueous
phase using atomic absorption spectrophotometer. The extractability was calculated using
equation (1).

% E =[ (Ag-A)/Ag] x 100 (1)
Where; E is the extractability, A is cation concentration before extraction and A is the cation
concentration after extraction in aqueous medium. The dependence of the distribution ratio
(D) of the cation between the aqueous phase and the organic phase upon the I|gand

concentratlon was examined. The concentration of ligand was ranged between 1x10™° M to
5x10™* M. The general extraction equilibrium is given by equation (2)

Mn+aq + npiC _aq tm org [ M(PIC) (L)m]org (2)
The following logarithmic expression is valid for the above extraction system.

LogD= n log[Pic] + log Kex + m log[L] (3)
log Ky is the extraction aquilibrium constant between an aqueous solution of metal picrates
and an organic solution of Schiff base-cation complex, which can be calculated from
equation (3).

3. RESULTS AND DISCUSSION

3.1 Macrocyclic Schiff Bases

3.1.1 IR spectra

In the IR spectrum of reactants, NH, group of different amines was found in the reglon 3360-
3400 cm™ and in aldehyde (C=0) band was observed in the region 1695-1715 cm™. In the
IR spectrum of Schiff bases, these (C=0) and NH, bands were disappeared WhICh |nd|cates
the formation of Schiff bases. The ligands showed a band at 1595-1685 cm™ assigned to

u(C=N) stretching vibrations which represent Schiff base formation. In the IR spectrum of the
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Schiff bases, peaks of (Ar-C=C) and (Ar-CH) were observed in the region of 1625-1675 cm™
and 3010-3038 cm’ respectwely which indicates that compound exists as whole and do not
decompose or undergo side reactions [15].

3.1.2 '"H NMR spectra

'H NMR spectra of the ligands were recorded in DMSO-dg. The 'H NMR spectral data along
with the possible assignments is recorded in the Experimental. The '"H NMR spectra of Schiff
base exhibits singlet at 8.1-8.15 ppm due to -CH=N proton [16]. In addition to this signal,
Schiff bases (Li-L3) have shown the peaks at 4.24-4.46 ppm due to methylene group
connected to the oxygen atom [17]. Multiplet peaks at 7.02-7.92 ppm indicated the presence
of benzene ring the ligands (L4-L3) [18].

3.2 Extraction of Metal Picrates

The extractability of Ag” and Cu®* picrates from the aqueous phase into organic phase by
macrocyclic Schiff bases (Li-L3) is shown in the Table 1. It has been seen that the
extractability by the macrocyclic Schiff bases is different for both of the organic solvents.
Dichloromethane is an efficient organic solvent for macrocyclic Schiff bases for metal picrate
extraction. Dichloromethane showed extraction results 72.0%, 85.2% and 93.2% for
macrocyclic Schiff bases L4, L, and Lj; respectively. It has also been shown that the
percentage of the extraction of the metal ions with macrocyclic Schiff base L is higher as
compared to other macrocyclic Schiff bases L; and L, for both of the solvents, this is
probably due to increase number of donor atoms in the macrocyclic Schiff base L; [19]. It is
also seen that the solvent has an important effect upon the cation extractability and this is
due to the difference in the dielectric constants of the solvents. The dielectric constants of
dichloromethane is high (9.1) as compared to chloroform (4.8) which may be a favorable
factor for the extraction of all the metal ions; there are similar results in the literature [20,21].

Table 1. The extractability of aqueous metal picrates for macrocyclic Schiff bases
(L4-L3) into organic phase at 25.0%£0.1°C

Metal Extractability™ % Extractability®® %
lon L1 L2 L3 L1 L2 L3
Ag’ 72.0£0.1  85.2+0.1 93.240.1  27.2#0.1  42.2+0.1  52.8%0.1
Ccu”’ 28.1#0.1  39.1%0.1 57.2¢0.1  11.9#0.1  27.6+0.1  37.2%0.1

a = Aqueous phase (5 mL); [pic] = 1.25 x 10 M,
Organic phase (5 mL), [L] = 1.25 x 10* M
b = Defined as percent extracted in to dichloromethane phase
¢ = Defined as percent extracted in to chloroform phase

The selectivity of silver picrate over the other metal picrate for macrocycllc Schiff bases (L4-
L3) is shown in the Table 2. The select|V|ty is indicated as Dag+ / D . Dag+ and D " denotes
the distribution ratio of Ag™ ion and Cu®* ion respectwely Macrocycllc Schiff bases (L4-L3)
indicated high selective extraction of Ag” ion over the Cu®" ions and high selectivity results
for dichloromethane as compared to chloroform [22].
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Table 2. The selectivity of silver picrate over the other metal picrates for macrocyclic
Schiff bases (L4-L5)

Metal Selectivity”® Dags/ D™ Selectivity®® Dag+/ D"
lon L1 L2 L3 L1 L2 L3
Ag+ 7.6%0. 1 14.7+0.1 17.310.1 3.2+0.1 5.1£0.1 8.2+0.1

b = Calculated for dichloromethane as organic phase
¢ = Calculated for chloroform as organic phase

The extraction into dichloromethane at different concentration of the macrocyclic Schiff base
L; is shown in Fig. 3. A liner relationship between Log D versus Log L is observed. It is found
that the macrocyclic Schiff base L; form a complex with Cu® as 1:1 metal:ligand ratio and for
Ag’itis 2:1[23] as described in Fig. 3.

—li— Ag- picrate
1.5 -+ Cu- picrate

logD
N

0.00012
0.00016

0.0002
0.00024
0.00028
0.00032
0.00036

0.0004
0.00044
0.00048
0.00052
0.00056

0.0006

logL

Fig. 3. Log D versus Log L for the extraction of Ag-picrate and Cu-picrate.
4. CONCLUSION

Three new macrocyclic Schiff bases (Ls-L3) were prepared and studied their extraction ability
for Ag” and cu® picrate. Macrocyclic Schiff base (L3) with higher number of donor atoms
has higher extraction ability as compared to others. Organic solvent with high dielectric
constant also supports the extraction of metal picrate from aqueous phase into organic
phase and it has been shown that dichloromethane showed good results as compared to
chloroform. As for as the selectivity is concerned, it was seen that the all the macrocyclic
Schiff base were more selective towards Ag” ion. It was also observed that Ag” form
complex as 2:1 M:L ratio and Cu* as 1:1 M:L ratio.
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