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Abstract: New crown ether Schiff base derivatives were prepared by the condensation of 
4’-formylbenzo-15-crown-5 or 4’-formyl-5’-hydroxybenzo-15-crown-5 with 1,2-bis(2-
aminophenoxy)ethane. The structures of these new compounds were confirmed on the 
basis of elemental analysis, IR, 1H- and 13C-NMR, UV-Vis and mass spectroscopic data. 
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Introduction 
 

Macrocyclic polyethers like crown ethers have received much attention in the last few years, both 
in chemistry and in biology [1-3]. Some crown ethers play an important role in membrane separation 
processes [4], fibre optic chemical sensor properties [5] and phase transfer catalysis [6,7]. In addition, 
owing to the recognition of the complexation properties of macrocyclic polyethers with alkali, 
alkaline-earth metal cations and uncharged organic molecules, considerable work has been done in the 
macrocyclic polyethers area [8-10]. Crown ethers featuring salicyclic Schiff base ligands form the 
basis of an extensive class of chelating ligands that have enjoyed widespread use in the coordination 
chemistry of the transition and main group elements [11-14]. On the other hand, the extent of the 



Molecules 2004, 9 
 

 

861

interaction of hard cations with transition metal centers, monitoring the redox and electronic properties 
of the transition metal ions and these complexes can ultimately be used as sensors (electrochemical and 
electronic) for alkaline, alkaline-earth and lanthanide metal ions [15-17]. 

In the present paper we report the preparation of two new compounds, 6 and 7, by the condensation 
of 1,2-bis(2-amino-phenoxy)ethane (5) with 4’-formylbenzo-15-crown-5 (2) and 4’-formyl-5’-
hydroxybenzo-15-crown-5 (4) and their characterization by spectral data (IR, 1H- and 13C-NMR, UV-
Vis and MS). 
 

Results and Discussion 
 

The starting compounds and crown ether Schiff base have been synthesized in several steps as 
depicted in Scheme 1. 
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The new crown ether Schiff bases were prepared from equimolar amounts of aldehyde and 
diamine. The spectral data indicate that one arm of the diamine remains free in the Schiff base ligands 
as the IR spectra of the Schiff bases 6 and 7 showed the characteristic free amine stretching bands 
ν(NH2) at 3478-3365 cm-1 and 3484-3364 cm-1, respectively. The imine stretching bands attributable to 
the azomethine group (CH=N) were seen at 1621 cm-1 for compound 6 and 1617 cm-1 for compound 7. 
In the spectra of compound 7 the phenolic OH group stretching band was not observed, indicating the 
formation of a cyclic intramolecular hydrogen bond. But in the 1H-NMR spectra of the same ligand, 
the OH proton was observed at 14.12 ppm. The azomethine (CH=N) protons for compounds 6 and 7 
were seen at 8.38 ppm and 8.60 ppm, respectively. The signals of the crown ether protons of both 
ligands are seen as multiplets at 3.96-3.76 ppm and 4.07-3.81 ppm, respectively. In the 13C decoupled 
NMR spectra of the crown ether Schiff bases 6 and 7, eight crown ether and amine group ether carbons 
were observed between 71.7-68.0 ppm and 71.5-67.7 ppm respectively. Azomethine carbons and 
aromatic carbons were also detected and identified. In the mass spectra (EI) of 6 and 7 the molecular 
ion peaks [M+] were not observed, but important fragments were observed, confirming the proposed 
structures. Thus, important fragments of compound 6 and 7 were found at m/z 92, 107, 119 and 134, 
which correspond to the fragments [(HOCH2CH2OCH2CH3)+2H], [(HOCH2CH2OCH2CH2OH)+H], 
(HOCH2CH2OCH2CH2OCH2) and (HOCH2CH2OCH2CH2OCH2CH3), respectively.  

The fragmentation pattern shows that the ether chains are fragile under the experimental 
conditions. Other important fragments of compound 6 were found at m/z 243, 387 and 414 and of 
compound 7 at m/z 244 and 322. These fragmentation patterns proceeding by the loss of ether chain 
segments are in accordance with the literature [12,13,18-21]. In previous papers we reported 
tautomeric equilibria (phenol-imine, O-H....N and keto-amine, O....H-N forms) to be present in featuring 
salicyclic Schiff base derivatives depending on the formation intramolecular hydrogen bonding by 
UV-Vis spectra. In solution, the tautomerism depends on solvent polarity [12,13,20,21-25]. For 
instance, in polar solvents, a new band at >400 nm arises, whereas this can not be observed in non-
polar solvents. The UV-Vis spectra of compound 7 was only recorded in CHCl3 because it was not 
sufficiently soluble in other solvents tested (EtOH and C6H12). The spectra indicate that the keto-amine 
tautomeric form is present. In CHCl3 one additional band appears at 422 nm (n-π*), which has been 
linked with the shift of the tautomeric equilibrium to the keto-amine form. 
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Conclusions 
 

In this paper we describe the synthesis of two new benzo-15-crown-5 Schiff base ligands, 6 and 7, 
by reaction of 1,2-bis(2-aminophenoxy)ethane with 4’-formylbenzo-15-crown-5 and 4’-formyl-5’-
hydroxybenzo-15-crown-5, respectively. Our motive behind the synthesis of this type of the ligands 
was to examine their possible applications in cation recognition processes, as homo- or heteronuclear 
complexes can be synthesized from alkali and transition metal cations and these complexes may also 
serve as models of relevance to bioinorganic chemistry such as metalloenzymes.  
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Experimental 
 

General 
 

All solvents were from Merck and all other reagents from Aldrich; all were used without further 
purification. Melting points were measured with a Thomas-Hoover apparatus using a capillary tube. 
Elemental analyses were performed on a Leco CHNS-932C instrument. IR spectra in the 400-4000 
cm-1 region were recorded on a Mattson 1000 FTIR spectrometer using KBr pellets. 1H- and 13C-NMR 
(400 MHz) spectra were recorded on a Bruker DPX FT-NMR spectrometer in CDCl3, using the 
solvent peaks of CDCl3, (δ =7.26) and CDCl3, (δ =77.00) as the internal locks. Chemical shifts are 
reported in ppm relative to TMS, used as internal standard. UV-Vis spectra were measured using a 
UNICAM UV2-100 series spectrometer. Mass spectra were obtained on a VG-ZAPSPEC spectrometer 
according to electron impact (EI, 70 eV). 
 
Syntheses 
 

The starting compounds 1-5 and crown ether Schiff bases 6 and 7 were prepared in several steps as 
depicted in Scheme 1. Benzo-15-crown-5 (1) was synthesized according to the procedure of Pedersen 
[26]. 4’-Formylbenzo-15-crown-5 (2) was synthesized from 1 under Vilsmeier-Hack conditions and 
purified via the corresponding bisulfite-adduct [27]. 4’-Formyl-5’-hydroxybenzo-15-crown-5 (4) was 
synthesized from 3 according to the literature method [29]. 1,2-bis(2-nitrophenoxy)ethane and 1,2-
bis(2-amino-phenoxy)ethane  (5) were prepared according to the literature methods [30,31]. 
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4’-Hydroxybenzo-15-crown-5 (3) 
 

This compound was synthesized from 2 according to a modification of the reported procedure [28]. 
The improvements allow isolation of the title compound as a white crystalline powder rather than as an 
oil. A solution of m-chloroperoxybenzoic acid (2.10 g, 13.5 mmol) in  dichloromethane (20 mL) was 
added dropwise with stirring at 0 °C to a solution of 4’-formylbenzo-15-crown-5 (2, 2.01 g, 6.8 mmol) 
in dichloromethane (30 mL).  The mixture was then stirred for 60 h. at room temperature. To neutralize 
the m-chlorobenzoic acid formed a solution of 10% NaHCO3 (3 x 25 mL) was added with stirring to 
the reaction mixture. The dichloromethane phase was separated and concentrated under reduced 
pressure. The residue was diluted with THF (10 mL) and concentrated hydrochloric acid (4 mL) was 
added. The mixture was stirred for 4 h. at room temperature, diluted with water and extracted with 
chloroform. The chloroform layer was dried over magnesium sulfate and concentrated under reduced 
pressure. The residue was purified by chromatography on a silica gel column (eluent: 1:9 
methanol/chloroform) to afford 3 as a white powder. Yield (1.24 g, 64%); m.p. 103 °C; Anal. Calcd. 
For C14H20O6: C, 59.14; H, 7.09; Found: C, 59.01; H, 6.90; 1H-NMR: δ 6.72-6.20 (m, 3H, arom. H), 
4.24-3.52 (m, 16H, OCH2); IR ν/cm-1: 3478, 3165 (OH), 2978, 2933, 2896, 1621 (arom.), 1525 
(arom.), 1468, 1363, 1299, 1238 (aryl. C-O), 1180, 1138 (alkyl. C-O). 
 
4’-Formylbenzo-15-Crown-5 with 1,2-Bis(2-aminophenoxy)ethane Schiff Base (6) 
 

4’-Formylbenzo-15-crown-5 (2) (0.50 g; 1.68 mmol) was dissolved in methanol (50 mL) and this 
solution was added dropwise to a methanolic solution (25 mL) of 1,2-bis(2-aminophenoxy)ethane 
(0.40 g; 1.68 mmol). The mixture was refluxed for 1h and then allowed to cool to ambient temperature. 
The bright yellow crystals formed were filtered off and left to dry in open air. Yield 0.57 g (64.7 %); 
m.p. 135 °C; Anal. Calcd. For C29H34O7N2: C, 66.66; H, 6.51; N, 5.36. Found: C, 66.64; H, 6.30; N, 
5.21; 1H-NMR: δ 8.38 (s, 1H, HC=N), 7.62 (q, J = 8.2 Hz, J = 1.8 Hz,1H, arom. H), 7.15-7.00 (m, 4H, 
arom. H), 6.90-6.77 (m, 4H, arom. H), 6.71 (d, J = 1.8 Hz, 1H, arom. H), 6.64 (d, J = 8.2 Hz, 1H, 
arom. H), 4.34 (m, 4H, OCH2), 4.17 (s, 2H, -NH2), 3.96-3.76 (m, 16 H, -CH2); 13C-NMR: δ 161.6 
(HC=N), 155.1, 152.6, 151.6, 149.8, 146.7, 143.2, 137.3, 130.5, 127.2, 126.5, 124.7, 122.3, 121.4, 
118.5, 115.7, 114.4, 112.3, 111.9 (arom. C), 71.7, 71.6, 70.9, 69.9, 69.7, 69.3, 69.2, 68.7, 68.6, 68.0 
(O-CH2); IR ν/cm-1: 3478, 3365 (NH2), 2925, 2865 (aliph. CH), 1621 (C=N), 1274 (arom. C-O-C), 
1120-1047 (aliph. C-O-C); UV-Vis (EtOH). λmax/nm (ε/dm3mol-1cm-1): 282 (33980), 314 (27080); MS 
(EI) m/z: 414, 387, 243, 134, 119, 107 and 92). 
 
4’-Formyl-5’-Hydroxybenzo-15-Crown-5 with 1,2-Bis(2-aminophenoxy)ethane Schiff Base (7) 
 

A solution of 4’-formyl-5’-hydroxybenzo-15-crown-5 (4) (0.50 g; 1.60 mmol) in dry methanol (50 
mL) was added dropwise to a solution of 1,2-bis(2-aminophenoxy)ethane (0.39 g; 1.60 mmol) in 
methanol (50 mL). The mixture was refluxed for 1h and then cooled to ambient temperature. The light 
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yellow powder that precipitated from the methanol was collected and recrystallized from acetonitrile. 
Yield 0.53 g (58.8 %); m.p. 146 °C; Anal. Calcd. for C29H34O8N2: C, 64.68; H, 6.31; N, 5.20. Found: 
C, 64.60; H, 6.04; N, 5.52; 1H-NMR: δ 14.47 (s, 1H, OH), 8.60 (s, 1H, HC=N), 7.26 (m, 2H, arom. H), 
7.08 (m, 2H, arom. H), 6.89 (m, 2H, arom. H), 6.80 (s, 1H, arom. H), 6.73 (m, 2H, arom. H), 6.48 (s, 
1H, arom. H), 4.47 (m, 4H, OCH2), 4.20 (s, 2H, -NH2), 4.07-3.81 (m, 16 H, -CH2); 13C-NMR: δ 162.3 
(HC=N), 160.4, 155.7, 151.8, 146.4, 141.9, 137.5, 137.0, 127.3, 122.3, 120.3, 118.6, 117.5, 115.7, 
114.2, 113.2, 112.9, 111.6, 102.3 (arom. C), 71.5, 71.3, 71.1, 71.0, 70.6, 70.2, 69.5, 68.6, 67.9, 67.7 
(O-CH2); IR ν/cm-1: 3484, 3364 (NH2), 2928, 2873 (aliph. CH), 1617 (C=N), 1270 (arom. C-O-C), 
1116-1045 (aliph. C-O-C); UV-Vis (CHCl3). λmax/nm (ε/dm3mol-1cm-1): 322 (8740), 422 (7040); MS 
(EI) m/z: 322, 244, 135, 119, 107 and 92). 
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