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Synthesis and Keto-Enol Tautomerism in
N-(2-Hydroxy-1-naphthylidene)anils

H. fJnver,l’>X< K. Polat,2 M. U(;ar,2 and D. M. Zengin1

'Department of Physics, and “Department of Chemistry,
Faculty of Science, Ankara University,
Ankara, Turkey

ABSTRACT

New ligands of Schiff bases [(C;7H;,NOX), X =F, Cl, Br, I] have been
synthesised. Intra-molecular hydrogen bonding and keto-enamine
tautomerism have been studied using IR, 'H-NMR, '*C-NMR (DEPT),
UV-Visible and GC-MS techniques. The UV-Visible spectra of the
compounds have been investigated in different solvents, acidic and basic
media. The compounds were in tautomeric equilibrium (enol-imine
O—H---N, keto-amine O---H—N forms) in polar and nonpolar
solvents. The keto-amine form was observed in basic solutions of
DMSO, ethanol, chloroform, benzene, and cyclohexane, and in acidic
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solutions of chloroform and benzene, but not in acidic solutions of
DMSO and ethanol. 'H-NMR and '*C-NMR and IR results showed that
all Schiff bases studied favor the enol-imine form over the keto form in a
weakly polar solvent such as deuterochloroform solution.

Key Words: Schiff base; Tautomerism; Keto-enamine; Enol-imine;
Solvent effect.

INTRODUCTION

2-Hydroxy Schiff base ligands and their complexes, derived from the
reaction of salicylaldehyde and 2-hydroxy-1-naphthaldehyde with amines
have been extensively studied.''~® 2-Hydroxy Schiff base ligands are of
interest mainly due to the existence of (O—H---N and N—H---O) type
hydrogen bonds and tautomerism between enol-imine and keto-enamine
forms (Scheme 1). Tautomerism in 2-hydroxy Schiff bases both in solution
and in the solid state was investigated using different spectroscopic tech-
niques.”’~** In the spectra of solutions of these compounds different
Schiff bases have been studied in both polar and non-polar sol-
vents.[S08911L13.16201 A new band at greater than 400 nm has been
observed in polar solvents, and in acidic media of some solvents, but this
band has not been observed in hydrocarbon solvents. The results indicate
that the absorption band at greater than 400 nm belongs to the keto-
enamine form of the Schiff base; the enol form has no appreciable
absorbance in this region. Different explanations for the source of this
band have been proposed.>*'>17-2%1 It was suggested that this new band is
due to the keto form in salicylidene anilines (Scheme 1, 1b and lc). It
was also observed that ortho-hydroxy naphthalidene anilines show two
bands in the visible region located above 400 nm.’®! These two bands
were assigned to the keto form (Scheme 2b and 2c). In the solid state,
salicylideneanilines exist mostly in the enolimino tautomeric form. In
naphthaldimines both forms are possible and O—H---N or N—H---O
intramolecular hydrogen bonds can occur.>*!*19221 The hydrogen
bonding and tautomerism of Schiff bases, and the tautomeric forms at
50% abundance, have been reported in the crystalline state of the Schiff
base formed by 3-haloaniline and 2-hydroxy-1-naphthaldehyde.””’ The
Schiff base compounds can be classified by their photochromic and
thermochromic characteristics.***> Thermochromism is due to a change
in the m-electron configuration induced by proton transfer, which can
occur in the ground state and requires a planar molecular system. Non-
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Scheme 1. Tautomerism of salicylidene and naphthylidene anilines.

planar molecules exhibit photochromism. Studies on the photochromic
compounds have been increasing ever since the potential applications of
photochromic materials were realized in various areas such as the control
and measurement of radiation intensity, optical computers and dis-
play systems.

EXPERIMENTAL

2-Hydroxy-1-naphthaldehyde, 3-fluoroaniline, 3-chloroaniline, 3-bromo-
aniline, 3-iodoaniline, benzene, dimethylsulfoxide, chloroform, ethanol,
cyclohexane, triethylamine, tetrahydrofuran and trifluoroacetic acid were
purchased from Merck (Germany) and used without further purification.
Melting points were determined with a Gallonkamp apparatus without
correction. The elemental analyses were performed on a LECO CHNS-932 C-,
H-, N-analyzer. Infrared absorption spectra were obtained from a Mattson
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‘O X Comp. No. m.p (°C)
OH F I 113

HC=N Cl Il 115
Br i 140
1 v 163

X

1-{(Z)/(E)-[3-halophenyl)imino]methyl}-2-naphthol

Scheme 2. Melting points of the compounds.

1000 FT-IR spectrometer using KBr pellets and reported in cm ™', UV-visible
spectra were measured using a Perkin Elmer Lambda 2 series spectropho-
tometer. 'H and '>C-NMR spectra were recorded on a Bruker DPX 400-MHz
FT-NMR spectrometer operating at a proton frequency 400.5 MHz and a
carbon frequency of 100.7 MHz using CDCl; solvent and tetramethylsilane
(TMS) as an internal standard. Mass spectra for all compounds were obtained
for a solid sample using an Agilent GC-MSD, and Micromass Platform 2 mass
spectrometer model in EI mode as an ionization technique.

The compounds (Scheme 2) were synthesized by standard procedures
and characterized by spectroscopic and elemental analysis data. The
spectral and element analysis data are as follows:

Compound (I); found: C, 76.97; H, 4.56; N, 5.28. Cal. for C;7H,NOF; C,
77.42; H, 4.44; N, 5.29%. MS (EI 1.15 e5) M/z (%) 264 (M-1(H))" 47.77; 266
M+ 1)* 30.36; 95 (M-C¢HsF*) 100; 248 (M-OH) 2.32; 128 (CoHg") 2.97,
127 (M-CoH7%) 2.9; 77 (M-CgHs") 2.39 and 76 (M-C¢H, ™) 5.92.

Compound (II); found: C, 72.47; H, 4.29; N, 12.58. Cal. for
C7H;,NOCL; C, 73.12; H, 4.14; N, 4.97%. MS (EI 1.15 e5) M/z (%)
281 (M*) 73; 280 (M-1)* " 100; 282 (M + 1) 42.4; M +2)" " 23.2; 284
(M +3)" " 3.8; 170 (M-C¢HsCl1™) 4.8; 264 (M-OH) 14; 265 (M-16) 2.8; 246
(M-Cl) 1.5; 128 (CyoHg™) 1.5; 77 (M-CgHs™) 2.1 and 76 (M-C¢H, ™) 1.5.

Compound (III); found: C, 62.60; H, 3.71; N, 4.29. Cal. for
C7H;2NOBr; C, 62.42; H, 3.84; N, 4.19%. MS (EI 1.15 e5) M/z (%)
326 M*) 100; 327 (M + 1)* " 73; 324 (M-2)"" 96; 325 (M-1)"" 79.2; 310
(M-16) 13.4; 308 (M-OH) 14; 246 (M-Br) 3; 168—170 (M-C¢HsBr™) 4.7,
128 (CioHg") 4; 77 (M-C¢Hs") 3.5 and 76 (M-CgH,") 5.1.

Compound (IV); found; C, 54.71; H, 3.24; N, 3.75. Cal. for
C7H,NOI; C, 54.32; H, 3.02; N, 3.35%. MS (EI 1.15 e5) M/z (%) 373
(M*) 100; 374 M+ 1)* " 17.5; 375 M +2)*" 1.7, 372 (M-1)*" 87; 356
(M-OH) 12.1; 204 (M-C¢HsI") 1.1; 128 (CoHg") 3.8; 246 (M-I) 10.95; 77

270 Madison Avenue, New York, New York 10016
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Table 2. '"H-NMR data (8 ppm).

Comp. SOH—NH SCH—N 6C=C—H Solvent
I 15.20 singlet 9.16 singlet 6.88—-8.27 CDCl;
I 15.22 singlet 9.18 singlet 6.90-8.22 CDCl;3
I 15.18 singlet 9.26 singlet 6.84-8.18 CDCl;
v 15.24 singlet 9.32 singlet 6.82-8.14 CDCl;

(M-C¢Hs") 2.92 and 76 (M-C¢H4*) 5.5. UV, IR and 'H-NMR data were
given in Tables 1-3 respectively.

RESULTS AND DISCUSSION

Data obtained from the FT-IR spectrum of all Schiff bases are listed in
Table 1 and an example of a spectrum is given in Figure 1. In the FT-IR
spectra for the compounds, weak and broad absorption bands are observed
in the 3100-3000 cm™' region. This is interpreted to be a sign of the
formation of an intra-molecular hydrogen bond. The wave numbers between
17001600 cm™"' arise due to stretching vibrations of C=N and C=0
bands. In this region two bands were observed for compounds I-IV. The
sharp and strong first band at 1624 and 1622 cm™' (ve—y) for compound I
and compound II-IV respectively, and a second band as a shoulder with
weak intensity was located near the first band. The assumption that this
new band is due to C=NH" stretching motion of a zwitterionic structure
(Scheme 3) has been pointed out by Aton.*" This indicates that the keto
tautomer of these compounds exists in appreciable amounts compared to
the enol form.

The absorption bands in the 15611584 cm ™' region must be related to
the keto structure (C=C external double bond). In other words these bands
occur only if there is a considerable amount of the keto tautomer.>!! However,
broad bands were observed at 1350—1300 cm ™', in the phenolic C—OH
stretching region, which is evidence for the imine form in the solid state.

From the FT-IR spectra of compounds I-IV it was possible to assign
the IR absorption for the C=0 and C=N group in both the keto and the
enol form. It was also possible to assign other absorptions, which were
specific either to the keto or the enol forms.

In solution the existence of intra-molecular hydrogen bonding
(N—H- - -0) has been confirmed by "H-NMR spectroscopy in some Schiff
base ligands.''”'*?% All compounds studied illustrated that the enol-imine
form dominates in CDCl; (Table 2). The signals at the proton of the OH or

270 Madison Avenue, New York, New York 10016
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NH group which is involved in intra-molecular hydrogen bonding [6(xH)]
appear in the 15.20—15.24 ppm. The methine proton resonance is a single
signal which indicates these compounds exist mainly in the enol-imine form
in a weakly polar solvent (CDCl3).

The peaks located at between 14—15 ppm and 9-10 ppm are singlet
and there is no observed CH—NH coupling. These show that in deutero-
chloroform solution all compounds studied exist mainly in enol-imine
tautomeric form.

Further evidence for the identity of the compounds I-IV comes
from the '*C-NMR (decoupled and DEPT techniques) and 'H-NMR data.
As an example, >*C-NMR data relating to compound I are given below

S (ppm): 148.20 (C-a); 136.95 (C-1); 162.69 (C-2); 127.43 (C-3); 119.56
(C-4); 120.96 (C-5); 121.77 (C-6); 126.86 (C-7); 128.60 (C-8); 135.77
(C-9); 127.98 (C-10); 139.48 (C-1'); 137.10 (C-2'); 144.17 (C-3'); 138.16
(C-4"); 133.49 (C-5'); 129.82 (C-6').

DEPT (45, 90, 135) 6 (ppm): 148.20 (C-a); 127.43 (C-3); 119.56 (C-4);
120.96 (C-5); 121.77 (C-6); 126.86 (C-7); 128.60 (C-8); 139.48 (C-1");
137.10 (C-2'); 133.49 (C-5'); 129.82 (C-6').

The '*C-NMR signal in the Schiff bases studied occurs between 158—
162 ppm (C-2) indicating that the proton is bonded to the OH group. This
indicates that the keto-enol equilibrium is in favor of enol in weak protic
media. The 'C-NMR data obtained are in accordance with information
about 2-hydroxynaphthaldehyde type Schiff bases in the literature.!>'*!%]

In conclusion 'H and '>C-NMR results indicate that, in deuterochloro-
form solution, all Schiff bases studied exist in the imine form.

The UV-Visible spectra of the compounds were studied in polar and
non-polar solvents both in acidic and basic media. The spectra are presented
in Figures 2 and 3 and the calculated keto-enol ratio is given in Table 3.1*!
All the compounds studied show two absorption bands in the range greater
than 400 nm in DMSO, ethanol, chloroform, benzene and cyclohexane. The
new band (greater than 400 nm) belongs to the keto form of the 2-hydroxy
Schiff bases in polar and non-polar solvents both in acidic and basic
media.!""*! The band was observed at greater than 400 nm in polar (DMSO,
ethanol and chloroform) and non-polar (benzene and cyclohexane) solvents,

MarceL DEkkER, INc.
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Table 3. Effect of solvent, acid, and base on the UV-spectra of compounds.

Keto-enamine isomer (%)

A, nm
(e, M™! Solvent Acidic Basic
Comp. Solvent em~! 10% media media® media®
I DMSO 318(1.3), 40 - 63
444(1.1)
Ethanol 380(1.5), 53 - 64
440(1.8)
CHCl3 346(1.4), 48 79 69
420(1.3)
Benzene 316(1.4), 43 78 67
418(1.0)
Cyclohexane 320(1.6), 36 Not measured 61
438(1.2)
1T DMSO 314(1.4), 42 - 60
440(1.3)
Ethanol 378(1.6), 55 - 61
438(1.8)
CHCl3 344(1.7), 49 30 62
422(1.6)
Benzene 312(1.4), 47 78 56
416(1.2)
Cyclohexane 322(1.5), 40 Not measured 54
434(1.2)
I DMSO 310(1.3), 43 - 69
438(1.1)
Ethanol 372(1.6), 55 - 71
442(1.9)
CHCl3 342(1.8), 49 74 72
414(1.7)
Benzene 318(1.7), 48 83 66
412(1.6)
Cyclohexane 324(1.4), 43 Not measured 65
440(1.2)
v DMSO 316(1.3), 41 - 68
430(1.1)
Ethanol 370(1.5), 51 - 70
448(1.6)
CHCl3 348(1.1), 47 75 72
408(1.2)
Benzene 316(1.5), 43 78 68
412(1.4)
Cyclohexane 322(1.3), 39 Not measured 63
448(1.0)

4CF5COOH, pH: 2.0.
b[(C2H5)3N], pH: 9.0.
“Not mixture cyclohexane and acid.

MARCEL DEKKER, INC.
270 Madison Avenue, New York, New York 10016



03: 04 30 January 2011

Downl oaded At:

N-(2-Hydroxy-1-naphthylidene)anils 295

and in acidic (CF3COOH) solutions of chloroform and benzene and basic
[(C,H5)3N] solutions of DMSO, ethanol, chloroform, benzene and
cyclohexane, but it is not observed in acidic solutions of DMSO and
ethanol. The enol-imine tautomer is dominant only in the acidic solutions of
DMSO and ethanol for compounds, while it is dominant in polar and non-
polar solvents and in both acidic solutions of chloroform and benzene and
basic solutions of DMSO, ethanol, chloroform, benzene and cyclohexane.
In contrast, 58, 21, 44, 56, 70%, and 65, 82% for compound I increased the
keto-enamine tautomer by 43, 11, 27, 19, 35% and 63, 66% for compound
IL, by 61, 29, 47, 38, 51% and 51, 73% for compound III, by 66, 37, 28,
58, 62% and 60, 81% respectively for compound IV, in basic solutions of
DMSO, ethanol, chloroform, benzene, cyclohexane, and in acidic solutions
of chloroform and benzene with respect to the pure solvent media. Absence
of the keto-enamine form in the acidic solutions of DMSO, and ethanol,
may be explained by hydrogen bonding with CF;COOH. On the other hand,
an appreciable quantity of the keto form is present only in solvents capable
of hydrogen bonding.!-'!

Solvent effects can be explained, which are capable of hydrogen
bonding both as proton donors and as proton acceptors, thereby permitting
the proton transfers that result in formation of the keto form (Scheme 3). As
a proton donor, the solvent interacts with the non-bonding electron pair of
the azomethine nitrogen. Thus, it may be assumed that, in those Schiff base
derivatives where non-bonding electron pair is no longer available, a
solvent effect will not be observed.

The investigation of halogens at the metha position revealed that there
is no significant effect on the keto-enol ratio. However, the ratio was
observed to change in the order of I>1I > III > IV (Table 3). The electron
withdrawing groups on the aniline ring decrease the electron density of the
N atom, and it makes the proton transfer from the solvent extremely
difficult. Proton uptake by the azomethine nitrogen is the more probable,
the more electron-repelling the aniline ring substituent and the more basic
the amine constituent of the Schiff base. The proton transfer necessary for
the development of the keto form explains this.

It is shown in the literature that in Schiff bases the phenyl ring is
twisted, and their substituents are not fully conjugated with the rest of the
molecule. Therefore, the tautomeric ratio does not depend, in general, on
the electron action (donor or acceptor) of the substituents. Thus the
tautomeric process is localized on the naphthylmethylidene moiety.!"*! It is
claimed that the presence of electron acceptor or donating substituents, on
2-hydroxynaphthaldehyde Schiff bases acceptor substituents, shifts the
equilibrium towards the phenolic form, while donors favor the keto form
and donating groups at the aniline ring does not have a significant effect on
keto-enol tautomerism. ®’
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"H-NMR spectrum of compound L.

Figure 2.
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Figure 3. The solvent effect on compound I. [DMSO (-0O-0-0;-), ethanol (-H-H-H-),
chloroform (- - - - - - - - ), benzene (-x-x-x-), cylohexane (-.-.-.-); Schiff base

concentration 5 x 10 3 M].

Scheme 3. The mechanism of the enol & zwitterion tautomerism.
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The spectroscopic data suggest that these compounds exist mainly in
the enol-imine form in weakly polar solvents, and in the solid state, but the
equilibrium shifts in favor of the keto-amine form in a polar protic
solvent'® (ethanol) for all compounds studied.

In conclusion, structural analysis using IR and '"H-NMR and "*C-NMR
show that the enol tautomeric form is favored over the keto form. The UV
results have the keto absorption above 400 nm in polar and non-polar
solvents, indicating that the compounds studied exist mainly in the keto
form. Moreover, the intensity of the keto band increased with increasing
solvent polarity. They were in good agreement with the results obtained in
these studies by other workers’ measurements.!” 2!
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