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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, 'H, '3C 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 =
keto-amine, O---H-N forms) in solvents, acidic chloroform, and
benzene solutions and basic DMSO, chloroform, and benzene solutions.
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368 Yildiz

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 'H 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." =’
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.!'°~2°! 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 = keto-
amine equilibrium shifts predominantly to the keto-amine side.'®~1313161
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.l'%!1:13:14.16:17.20] Although there are
large numbers of crown ether, acyclicpolyether and bis(crown ether) Schiff
base ligands,"?' ~2®! 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 'H and "*C NMR spectra were recorded on a Bruker DPX FT-NMR
spectrometer operating at 400 and 101.6 MHz. The 'H and '*C chemical shifts
were measured using SiMe, as an internal standard. Infrared absorption
spectra were obtained from a Perkin—Elmer BX II spectrometer in KBr
discs and were reported in cm ™' 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, CHCls;,
EtOH, benzene, DMSO, DMF, CF;COOH, (C,Hs);N, and SOCI, 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.*”)

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 (100mL) 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
CHCl;: 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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RESULTS AND DISCUSSION
IR, "H NMR, *C NMR, and UV-VIS Spectroscopy

The IR spectra of the compounds are given in Table 2 Vibration bands
with the wave numbers of 1612-1625cm™" (ve—), 3060-3080cm ™
(ve_n, Ar-H), 2978-2868 cm ™! (ve_p, Csp>-H), 1580—-1600cm ™' (ve—),
and 1293-1046cm ! (ve_o-o» Csp3—O—Csp3) were observed. The obser-
vation of aromatic (ve_o) at 1316 and 1320cm ™' 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
ve_o (Ar-0) and vc_g_c (—CH,—0O-CH,-) vibration bands overlap with
each other in compounds 5-13. The stretching frequency observed at
2742-2748 cm™ " in 5-12 shows the presence of O—H - - - N intramolecular
hydrogen bond.!""’

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.!'”****) The '"H NMR data are given in Table 3 for com-
pounds 3—13. 'H and '>C NMR spectra of some Schiff bases prepared from
2-hydroxy-1-naphthaldehyde and substituted anilines were measured and
assigned in a variety of solvents.”®?°! Based on the '>C chemical shifts and
*Jicunm), the ratio of the keto-amine and enol-imine tautomers was derived
using the '*C chemical shifts and "H—"H coupling constants; both methods
give comparable results.”®! '"H 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 'Jxy, 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 *Jicpnm) for pure keto-amine tautomer
of 11.6Hz."*®! The results are comparable to the UV-VIS data and 'H-"H
coupling constants. The calculated tautomer proportions for 3 and 4, both
based on the UV-VIS and 'H 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 'H NMR in DMSO for compounds 3 and 4. The 'H
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—
OCH,- also gave a triplet, Ar—OCH,CH,— triplet and —OCH,— triplets
and singlets for 3, 5, 7, 9, 11, and 13 and 4, 6, 8, 10, and 12. According to
the '*C NMR spectra compounds (5, 9, 11, 13), (6, 7, 10, 12), and (8) have
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Table 4. Tautomer proportion in DMSO solution.

Keto-amine tautomer (%)

Compound UV-VIS "HNMR
3 72 74
4 64 66
1 39 —
12* 44 _

“Not observed.

375

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 '>C 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."*! 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
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Table 6. Effect of solvent, acid, and base on the UV spectra of compounds (3—13).

Keto-amine tautomer (%)

Solvent Acidic Basic
Compound Solvent media media® media®
A3) DMSO 72 — 94
CHCl; 70 77 86
Benzene 37 69 44
(@) DMSO 64 — 85
CHCl; 62 69 76
Benzene 57 90 63
5) DMSO — — —
CHCl, — 58 —
Benzene — 4 —
6) DMSO — — —
CHCl, — 56 —
Benzene — 5 —
@) DMSO — — —
CHCl, — 14 —
Benzene — 6 —
8) DMSO — — —
CHCl; — 12 —
Benzene — 6 —
9) DMSO — — —
CHCl; — 10 —
Benzene — 11 —
(10) DMSO — — —
CHCl; — 9 —
Benzene — 6 —
a1 DMSO 39 — 54
CHCl, 17 22 45
Benzene 12 20 24
12) DMSO 44 — 61
CHCl; 20 29 56
Benzene 13 22 28
13) DMSO 41 — 47
CHCl; 14 31 42
Benzene 6 11 14

4CF;COOH; pH = 3.
°[(C,Hs);N]; pH = 9.
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acidic and basic media."'”'"'* The band was observed at wavelengths greater
than 400 nm in polar (DMSO and chloroform) and non-polar (benzene) solvents
and in acidic (CF;COOH) solutions of chloroform and benzene and basic
[(C,Hs5)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
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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 CF;COOH.""!

On the basis of the results obtained, the interaction between acid—base
and the Schiff base molecules conceivably proceeds as given in Sch. 3.

ACKNOWLEDGMENT

The author thank Canakkale Onsekiz Mart University Grants Commis-
sion for a research grant (Project No.: 2001-b/18).

REFERENCES

1. Papadopoulos, A.N.; Raptopoulou, C.P.; Terzis, A.; Hatzidimitriou, A.G.;
Gourdon, A.; Kessisoglou, D.P. Synthesis, characterization and crystal
structure of molybdenum and molybdenum—copper hydroxy-rich Schiff
base complexes. J. Chem. Soc. Dalton Trans. 1995, 2591-2598.

2. Wozniak, K.; He, H.Y.; Klinowski, J.; Jones, W.; Dziembowska, T.;
Grech, E. Intramolecular hydrogen-bonding in N-salicylideneanilines—
x-ray diffraction and solid state NMR studies. J. Chem. Soc. Faraday
Trans. 1995, 91, 77-86.

3. Sakamato, M.; Nishida, Y.; Ohhara, K.; Sadaoka, Y.; Matsumato, A.;
Okawa, H. Copper(Il)-lantanide(Il) complexes of compartmental
ligand, N,N’-bis(3-hydroxysalicylidene)ethylenediamine. Polyhedron
1995, 14, 2505-25009.

4. Rao, N.S.; Mishra, D.D.; Maurya, R.C.; Rao, N.N. Synthesis and charac-
terization of some novel cis-dioxomolybdenum(VI) complexes of Schiff
bases derived from salicylaldehyde. Synth. React. Inorg. Met. Org.
Chem. 1995, 25, 437-449.

5. Syamal, A.; Gupta, B.K. Dimetallic manganese(II) complexes with ONO
donor tridentate Schiff bases derived from ortho-aminobenzyl alcohol and
salicylaldehyde or substituted salicylaldehydes. Indian J. Chem. Sect. A
1995, 34, 495-497.



03: 02 30 January 2011

Downl oaded At:

380

6.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Yildiz

Syamal, A.; Kumar, D. New oxozirconium(IV) complexes with the Schiff
bases derived from salicylaldehyde, substituted salicylaldehydes and
salicylhydrazide. Pol. J. Chem. 1981, 55 (9), 1747-1750.

. Wang, Pou-H.; Keck, J.G.; Lien, E.J.; Lai, M.C. Design, synthesis, testing,

and quantitive structure—activity relationship analysis of substituted salicy-
laldehyde Schiff bases of 1-amino-3-hydroxyguanidine tosylate as new
antiviral agents against coronavirus. J. Med. Chem. 1990, 33 (2), 608—-614.

. Friedman, N.; Sheves, M.; Ottolenghi, M. Model systems for rhodopsins:

the photolysis of protonated retinal Schiff bases, cyanine dye, and artificial
cyanine-bacteriorhodopsin. J. Am. Chem. Soc. 1989, /11 (9), 3203-3211.

. Reddy, K.H.; Lingappa, Y. Synthesis and characterization of copper(Il)

complexes of physiologically active tridentate Schiff bases. Indian
J. Chem. Sect. A 1994, 33, 919-923.

Yildiz, M.; Kili¢, Z.; Hokelek, T. Intramolecular hydrogen bonding and
tautomerism in Schiff bases. Part I. Structure of 1,8-di[N-2-oxyphenyl-
salicylidene]-3,6-dioxaoctane. J. Mol. Struct. 1998, 441, 1-10.

Nazir, H.; Yildiz, M.; Yilmaz, H.; Tahir, M.N.; Ulkii, D. Intramolecular
hydrogen bonding and tautomerism in Schiff bases. Structure of N-(2-
pyridil)-2-oxo-1-naphthylidenemethylamine. J. Mol. Struct. 2000, 524,
241-250.

Hokelek, T.; Akduran, N.; Yildiz, M.; Kili¢, Z. Crystal structure of 1,5-di[N-
2-oxyphenyl-salicylidene]-3-oxapentane. Anal. Sci. 2000, /6, 553-554.
Unver, H.; Yildiz, M.; Zengin, D.M.; Ozbey, S.; Kendi, E. Intramolecular
hydrogen bonding and tautomerism in N-(3-pyridil)-2-oxo-1-naphthyli-
dene-methylamine. J. Chem. Crystallogr. 2002, 37 (4), 211-216.
Salman, S.R.; Shawkat, S.H.; Al-Obaidi, G.M. Tautomerism in o-hydroxy
Schiff bases: effect of alkyl group. Can. J. Anal. Sci. Spectros. 1990,
35 (2), 25-27.

Gavranic, M.; Kaitner, B.; Mestrovic, E. Intramolecular N-H...O
hydrogen bonding, quinoid effect, and partial (7-electron delocalization
in N-aryl Schiff bases of 2-hydroxy-1-naphthaldehyde: the crystal struc-
tures of planar N-(a-naphthyl)- and N-(-naphthyl)-2-oxy-1-naphthaldi-
mine. J. Chem. Crystallogr. 1996, 26, 23-28.

Unver, H.; Zengin, D.M.; Giiven, K. Intramolecular hydrogen bonding
and tautomerism in 1-[N-(4-bromophenyl)]aminomethylidene-2(1H)
naphthalonene. J. Chem. Crystallogr. 2000, 30 (5), 359-364.

Dodek, G.O.; Dudek, E.P. Spectroscopic studies of keto—enol equilibria.
IX. Nitrogen-15 substituted Schiff bases. J. Am. Chem. Soc. 1966, 88,
2407-2412.

Harzfeld, R.; Nagy, P. Roles of the acidity and basicity of the solvent in
the solvent effect observed in the absorption spectra of the certain types of
Schiff bases. Spectrosc. Lett. 1999, 32 (1), 57-71.



03: 02 30 January 2011

Downl oaded At:

Spectroscopic Studies of Polyether Ligands of Schiff Base Type 381

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Lewis, J.W.; Sandorfy, C.A. Spectroscopic study of the solvent dependent
processes of the anils of benzaldehyde and salicylaldehyde. Can. J. Chem.
1982, 60, 1727-17317.

Ledbetter, J.W. Resonance raman spectra of the tautomers of pyridoxal
and salicylaldehyde Schiff bases. J. Phys. Chem. 1982, 86, 2449-2451.
Pedersen, C.J. Cyclic polyethers and their complexes with metal salts.
J. Am. Chem. Soc. 1967, 89, 7017-7036.

Hayvali, Z.; Giindiiz, N.; Kili¢, Z.; Weber, E. Synthesis and characteriz-
ation of new bis(crown ether)s of Schiff base type containing recognition
sites for sodium and nickel guest cations. J. Prakt. Chem. Chem. Ztg.
1999, 341, 569-573.

Can, S.; Bekaroglu, 0. Synthesis and characterization of a crown ether
substituted salicylaldimine Schiff base ligand and its complexes with
cobalt(Il), copper(Il), nickel(Il), and uranyl(VI). J. Chem. Soc. Dalton
Trans. 1988, 2831-2835.

Rosa, D.T.; Coucouvanis, D. Crown ether functionalized nickel salicylal-
dimine complexes, structural characterization of their potassium, cesium,
and hexylammonium derivatives and their use in the transport of amino
acids. Inorg. Chem. 1998, 37, 2328 -2329.

Avciata, U.; Demirhan, N.; Giil, A. Synthesis and characterization of a
crown ether substituted salicylaldimine and its complexes with copper(Il),
cobalt(Il), nickel(Il), and uranyl(VI). Monatsh. Chem. 1998, 129, 9—18.
Hilgenfeld, R.; Saenger, W. Structural of natural and synthetic ionophores
and their complexes with cations. Top. Curr. Chem. 1982, 98 (101), 1-82.
Dutasta, J.P.; Declercq, J.P.; Calderon, C.E.; Tinant, B. Novel ditopic
receptors based on the P,N, diphosphazane ring: synthesis and x-ray
structural characterization of cis and trans bis(crown)ether annelated
1,3,2A%,4\°-diazadiphosphetidine 2,4-disulfide. J. Am. Chem. Soc.
1989, 111, 7136-7144.

Salman, S.R.; Lindon, J.C.; Farrant, R.D.; Carpenter, T.A. Tautomerism
in 2-hydroxy-1-naphthaldehyde Schiff bases in solution and the solid
state investigated using '*C NMR spectroscopy. Can. J. Anal. Sci. Spec-
tros. 1990, 35 (2), 991-994.

Dodek, G.O.; Dudek, E.P. Spectroscopic studies of keto-enol equilibria.
VII. Nitrogen-15 substituted Schiff bases. J. Am. Chem. Soc. 1964, 86,
4283-4287.

Received June 27, 2003
Accepted April 6, 2004



