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Synthesis and Spectroscopic Studies of
Some New Polyether Ligands of the

Schiff Base Type

Mustafa Yildiz*
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ABSTRACT

New polyether ligands of Schiff base type (3–13) were synthesized from the

reaction of diethylene glycol bis(2-aminophenyl)ether and triethylene

glycol bis(2-aminophenyl)ether with salicylaldehyde, 5-methoxysalicylal-

dehyde, 5-bromosalicylaldehyde, 5-nitro salicylaldehyde, and 2-hydroxy-

1-naphthaldehyde. The products were characterized by elemental analysis,

IR, 1H, 13C NMR, and UV-VIS techniques. The UV-VIS spectra of those

Schiff bases with an OH group in the ortho position to the imino group

were studied in polar and nonpolar solvents in acidic and basic media.

The compounds are in tautomeric equilibrium (enol-imine, O–H � � �N O

keto-amine, O � � �H–N forms) in solvents, acidic chloroform, and

benzene solutions and basic DMSO, chloroform, and benzene solutions.
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These tautomers were not observed in polar and non-polar solvents and in

basic solutions of DMSO, chloroform, and benzene for the Schiff bases

5–10. Tautomer proportions, which were obtained from 1H NMR and

UV-VIS data in DMSO, were compared for compounds 3, 4, 11, and 12.

Key Words: Schiff base; Tautomerism; Solvent effect; Polyether; Basic

solutions.

INTRODUCTION

Schiff bases, with an OH group in the ortho position to the imino group,

and their complexes derived from the reaction of salicylaldehyde and

2-hydroxy-1-naphthaldehyde with amines, have been extensively studied

and a number of them are being used as models for biological systems.[1 – 9]

Tautomerism in Schiff bases, with an OH group in ortho position to the

imino group both in solution and in solid state, have been investigated

using spectroscopy and x-ray crystallograpy techniques.[10 – 20] Schiff bases

with an OH group in ortho position to the imino group are of interest

mainly due to the existence of either O–H � � �N or O � � �H–N hydrogen

bonds and due to tautomerism between the enol-imine and keto-amine

form. In these compounds, short hydrogen bonds between the OH group in

the ortho position to the imino group and the imine nitrogen is due to the

stereochemistry. In some instances the hydrogen from the OH group is com-

pletely transferred to the imine nitrogen. In other words, enol-imine O keto-

amine equilibrium shifts predominantly to the keto-amine side.[10 – 13,15,16] In

the UV-VIS spectra of Schiff bases with the OH group in ortho position to the

imino group a new band at wavelengths greater than 400 nm is observed in

polar and nonpolar solvents. The results indicate that the absorption band at

400 nm belongs to the keto-amine form of the Schiff base. This tautomer is

always observed when the Schiff base is derived from 2-hydroxy naphthalde-

hyde and aromatic amine. In Schiff bases derived from salicylaldehyde and

aromatic amine the keto-amine form is not observed in polar and nonpolar sol-

vents, but it is observed in acidic media.[10,11,13,14,16,17,20] Although there are

large numbers of crown ether, acyclicpolyether and bis(crown ether) Schiff

base ligands,[21 – 26] no studies of the reactions of the acyclic aminopolyethers,

with substituted 2-hydroxy-1-benzaldehyde to produce new polyether ligands

of Schiff base type, have been published. Reported here are spectroscopic

studies of Schiff bases 3–13 and the tautomerism of the Schiff bases 3, 4,

and 9–12 formed by reaction of 1,5-di[oxyphenyl-2-amino]-3-oxapentane

(1) and 1,8-di[oxyphenyl-2-amino]-3,6-dioxaoctane (2) (podand) with

5-methoxy-, 5-bromo-, 5-nitro-, 5-nitrosalicylaldehyde sodium salt, salicylal-

dehyde, and 2-hydroxy-1-naphthaldehyde, respectively.
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EXPERIMENTAL

Reagents and Techniques

The 1H and 13C NMR spectra were recorded on a Bruker DPX FT-NMR

spectrometer operating at 400 and 101.6 MHz. The 1H and 13C chemical shifts

were measured using SiMe4 as an internal standard. Infrared absorption

spectra were obtained from a Perkin–Elmer BX II spectrometer in KBr

discs and were reported in cm21 units. The UV-VIS spectra were measured

using a SHIMADZU 1208 series spectrometer. Carbon, nitrogen, and hydro-

gen analyses were performed on a LECO CHNS-932 analyzer. Melting points

were measured on an Electro Thermal IA 9100 apparatus using a capillary

tube. 2-Nitrophenol, diethyleneglycol, triethyleneglycol, salicylaldehyde,

2-hydroxy-1-naphthaldehyde, 5-methoxysalicylaldehyde, 5-bromosalicylal-

dehyde, 5-nitrosalicylaldehyde, hydrazinehydrate, Pd–C (10%), THF, CHCl3,

EtOH, benzene, DMSO, DMF, CF3COOH, (C2H5)3N, and SOCl2 were

purchased from Merck (Germany).

Synthetic Procedures

Synthesis of Aminopolyethers

Diethylene glycol bis(2-aminophenyl)ether (1) and triethylene glycol

bis(2-aminophenyl)ether (2) were prepared according to the published

procedure.[27]

Synthesis of Schiff Bases

Synthesis of 1,5-Di[N-2-oxyphenyl-2-oxo-1-naphthylidenemethylamino]-

3-oxapentane (3)

Diethylene glycol bis(2-aminophenyl)ether (1) (1.00 g, 0.0035 mol) was

added to a dry THF (100 mL) solution of 2-hydroxy-1-naphthaldehyde

(1.20 g, 0.0070 mol). The mixture was stirred and refluxed for 2 hr. Compound

(3) was obtained from the evaporation of THF. It was crystallized from

CHCl3 : n-hexane (3 : 1).

Other Schiff bases were obtained by the same method. The synthesis of

Schiff bases is described in Sch. 1. Analytical and experimental details for

all compounds are given in Table 1.
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Scheme 1.
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RESULTS AND DISCUSSION

IR, 1H NMR, 13C NMR, and UV-VIS Spectroscopy

The IR spectra of the compounds are given in Table 2 Vibration bands

with the wave numbers of 1612–1625 cm21 (nC55N), 3060–3080 cm21

(nC – H, Ar-H), 2978–2868 cm21 (nC – H, Csp3-H), 1580–1600 cm21 (nC55C),

and 1293–1046 cm21 (nC – O – C, Csp3–O–Csp3) were observed. The obser-

vation of aromatic (nC – O) at 1316 and 1320 cm21 for compounds 3 and 4,

respectively, are the evidence for the existence of the keto-amine form

N–H � � �O intramolecular hydrogen bonding only in the solid state. The

nC – O (Ar–O) and nC – O – C (–CH2–O–CH2–) vibration bands overlap with

each other in compounds 5–13. The stretching frequency observed at

2742–2748 cm21 in 5–12 shows the presence of O–H � � �N intramolecular

hydrogen bond.[10]

In the solution media of compounds, the existence of the intramolecular

hydrogen bonding N–H � � �O has been confirmed by NMR spectroscopy in

some Schiff bases.[17,28,29] The 1H NMR data are given in Table 3 for com-

pounds 3–13. 1H and 13C NMR spectra of some Schiff bases prepared from

2-hydroxy-1-naphthaldehyde and substituted anilines were measured and

assigned in a variety of solvents.[28,29] Based on the 13C chemical shifts and
3J(CHNH), the ratio of the keto-amine and enol-imine tautomers was derived

using the 13C chemical shifts and 1H–1H coupling constants; both methods

give comparable results.[28] 1H NMR spectra of some Schiff bases were

measured in a range of solvents, and the presence of a 3J(CHNH) coupling

between the exchangeable and the olefinic proton, confirmed by decoupling,

was interpreted as being due to the presence of the keto-amine tautomer.

This coupling and 1J(NH) were measured in a range of solvents and, with a

good reference value for this in a non-tautomeric situation of 96 Hz, it is

then possible to deduce a value for 3J(CHNH) for pure keto-amine tautomer

of 11.6 Hz.[28] The results are comparable to the UV-VIS data and 1H–1H

coupling constants. The calculated tautomer proportions for 3 and 4, both

based on the UV-VIS and 1H NMR data are given Table 4, showing good

agreement between the two methods. While the tautomerism for compounds

11 and 12 was observed only by UV-VIS in DMSO, it was observed by

both UV-VIS and 1H NMR in DMSO for compounds 3 and 4. The 1H

NMR data for compounds 5–13 show that the tautomeric equilibrium

favors the enol-imine in DMSO. The compounds 3 and 4 shift to the keto-

amine form in the same solvent. The protons of the etheric group at Ar–

OCH2– also gave a triplet, Ar–OCH2CH2– triplet and –OCH2– triplets

and singlets for 3, 5, 7, 9, 11, and 13 and 4, 6, 8, 10, and 12. According to

the 13C NMR spectra compounds (5, 9, 11, 13), (6, 7, 10, 12), and (8) have
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15, 16, and 17 signals, respectively showing that the structures in solution

are symmetrical. Scheme 2 shows the numbering of the Schiff base carbons.

The corresponding signal is not observed in DMSO for compounds 3 and 4.

The 13C NMR spectra data of the compounds are given in Table 5.

The UV-VIS spectra of the compounds were studied in polar and non-polar

solvents in both acidic and basic media. The calculated keto-amine form is

given in Table 6. The Schiff bases show absorption in the range greater than

400 nm in polar and non-polar solvents.[14] It should be pointed out that the

new band belongs to the keto-amine form of the Schiff bases with OH group

in ortho position to the imino group in polar and non-polar solvents in both

Table 4. Tautomer proportion in DMSO solution.

Compound

Keto-amine tautomer (%)

UV-VIS 1H NMR

3 72 74

4 64 66

11a 39 —

12a 44 —

aNot observed.

Scheme 2.
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Table 6. Effect of solvent, acid, and base on the UV spectra of compounds (3–13).

Compound Solvent

Keto-amine tautomer (%)

Solvent

media

Acidic

mediaa

Basic

mediab

(3) DMSO 72 — 94

CHCl3 70 77 86

Benzene 37 69 44

(4) DMSO 64 — 85

CHCl3 62 69 76

Benzene 57 90 63

(5) DMSO — — —

CHCl3 — 58 —

Benzene — 4 —

(6) DMSO — — —

CHCl3 — 56 —

Benzene — 5 —

(7) DMSO — — —

CHCl3 — 14 —

Benzene — 6 —

(8) DMSO — — —

CHCl3 — 12 —

Benzene — 6 —

(9) DMSO — — —

CHCl3 — 10 —

Benzene — 11 —

(10) DMSO — — —

CHCl3 — 9 —

Benzene — 6 —

(11) DMSO 39 — 54

CHCl3 17 22 45

Benzene 12 20 24

(12) DMSO 44 — 61

CHCl3 20 29 56

Benzene 13 22 28

(13) DMSO 41 — 47

CHCl3 14 31 42

Benzene 6 11 14

aCF3COOH; pH ¼ 3.
b[(C2H5)3N]; pH ¼ 9.
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acidic and basic media.[10,11,13] The band was observed at wavelengths greater

than 400 nm in polar (DMSO and chloroform) and non-polar (benzene) solvents

and in acidic (CF3COOH) solutions of chloroform and benzene and basic

[(C2H5)3N] solutions of DMSO, chloroform, and benzene for compounds

(3, 4, 11, 12, and 13) but it is not observed in acidic DMSO solution. The

compounds (5–10) showed no absorption above 400 nm in polar (DMSO and

chloroform) and non-polar (benzene) solvents, and basic DMSO, chloroform,

and benzene solutions. The band was observed with value greater than 400 nm

in acidic solutions of chloroform and benzene for (5–10). The enol-imine

Scheme 3.
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tautomer is dominant only in the acidic DMSO solution for compounds 3 and 4,

while it is dominant in both acidic and basic DMSO and benzene solutions for

compounds 5–10 and in both acidic and basic chloroform solution for com-

pounds 7–10. In contrast, keto-amine tautomer was increased by 10%, 11%,

29%, 45%, 121% and 86%, 58%, 66%, 69%, 83%, respectively, in the acidic

chloroform and benzene solutions and 23%, 23%, 164%, 180%, 200%; 19%,

11%, 100%, 115%, 133%; and 31%, 33%, 38%, 39%, 15%, respectively, in the

basic chloroform, benzene, and DMSO solutions with respect to the pure solvent

media for 3, 4, 11, 12, and 13. The absence of keto-amine form in the acidic

DMSO solution may be explained by the hydrogen bonding to CF3COOH.[10]

On the basis of the results obtained, the interaction between acid–base

and the Schiff base molecules conceivably proceeds as given in Sch. 3.
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