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Summary: UV, lH-NMR, IR and Mass spectra of new Schiff bases derived from dibenzoyl-
methane and benzoylacetone are described. The strong absorption bands in the UV region be-
tween 350-380 nm have been attributed 1o the electronic transitions which arise from hydrogen
bonded conjugate chelate rings. The other bands in the region 250-200 nm were attributed to
aromatic and conjugated aromatic rings. The appearance of the signals due to the methylenc

protons adjacent to the nitrogen atom as a doublet centered at &

= 4.5 ppm in the NMR spectra

and the ion GsIIsSCO”* at m/z 105 in the mass spectra were taken as evidence that these com-
pounds exist primarily in the keto-enamine form in solution.

Introduction

The Schiff bases derived from B-diketones
have attracted considerable attention, mainly in
connection with investigations of the chelating
abilities and analytical applications, and in the field
of metal chelate catalysis [1-3]. In addition, metal
chclates of B-diketone Schiff bases can act as re-
versible oxygen carriers [4,5]. However, this class
of compounds is expected to show keto-enol
tautomerism, and there has been controversy in the
literature concerning the nature of the tautomeric
species [6-8].

A recent UV study of on Schiff bases derived
from acetylacetone and benzoylacetone an!
aliphatic and aromatic amines has provided
evidence for their existcnce in solution as equi-
librium mixtures of hydrogen-chelating enol-imine
and keto-enamine forms, while the former is the
predominent species [6,9]. '

Ueno and Holtzclaw er al have studied the
UV and IR spectra of bisacetylacetoae-ethylene
diimine and bisbenzoylacetonc-cthylene  diimine
and their metal chelates [10-12].

Moss and Robinson on the basis of lH-NMR
and IR data revealed that Schiff bases derived from
2-acetylcyclohexanone and  2-acetylcyclopentan-
one exist entirely in the keto-enamine form in solu-
tion and the equilibrium position is insensitive to
the nature of the solvent [8,11].

It is well known that replacement of one of
the carbonyl groups by azomethine group ( C=N)-
in  PB-diketones results in a considerable
bathochromic shift in the UV long wavelength ab-
sorption band in the spectra of B-diketones
[9,11,13].

Acetylacetone and 4-(N-propylamino)-pent-
3-cne-2-one show strong absorption bands at 271
and 307 nm respectively, which are attributed to the
hydrogen bonded chelated rings of the enol form

.

In previous work, it has been shown that in-
trocucing either phenyl or CF3 groups adjacent to
one of the carbonyl groups in B-diketones or in the
corresponding Schiff bases causes a bathochromic
shift and increase in intensitics of the UV bands
[11,14-16]. Thus benzoylacetone and 1-phenyl-3-(N-
propylamino)-but-2-ene-1-one absorb strongly at
308 and 340 nm respectively [9].

Recent studies on UV, 'H-NMR and IR data
of Schiff bases derived from dimedon indicated the
keto-enamine form [7,11].

The aim of the present work was to determine
the structure of Schiff bases derived from diben-
zoylmethane and benzoylacetone in solution in
terms of their UV, 'H-NMR, IR and Mass spectra.
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Results and Discussion
UV spectra and structure

The absorption spectra of the studied Schiff
bases in ethanol are illustrated in Fig. 1, and the
spectral data arc tabulated in Table 2.

The spectra appeared quite similar and are
characterized by three strong absorption bands.
Molecule 1 shows these bands; I, IT and TII at 375,
252 and 206 nm respectively. Previous work has
shown that replacement of a carbonyl group in f-
diketones by an azomethine group results in a
bathochromic shift in band 1. Introducing a phenyl
group on the nitrogen atom of a B-diketone Schiff
base causes further red shift.

This is in agreement with experimental data
since molecule I and dibenzoylmethane have shown
band I at 375 and 343 nm respectively.
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Fig.1: UV spectra of Schiff bases in ethanol.
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Table 2: UV absorption data of Schiff bases in
ethanol
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Table 3: Solvent effect on UV absorption bands of
molecule 2

Awaz, nm (€ max, mzmol'l)

Comp- Band I Band II Band 111
No

1 375(2300) 252(1560) 206(2660)
2 352(2600) 244 (1760) 208 (3200)
3 376 (2220) 252 (1570) 208 (2800)
4 380 (2790) 248 (1900) 208(3100)
5 338(3720) 250(1720) 211(3800)
6 343(2800) 242(1200) 206(2400)
7 *360(1640) 246(1850)

8 *324(2870) 266(1170)
9 312(2143)

* From reference 91
(7) 1-phenyl-4-(N-phenylamino)-but-2-ene-1-one, (8) acetylace-
tone-amiline, (9) 4-(N-propylamino)-pent-3-ne-2-one

On the other hand, band I of molecule 1 cor-
responds to 4-(N- propylamino)-pent-3-ene-2-one
has strong absorption band at 312 nm.

Comparison the band I in melecule 2 with
that of molecule 1 assists in showing the extent of
interaction of the benzene ring the electrons with
the lone pair of electrons on the nitrogen atom and
with the hydrogen bonded chelate ring system.

The blue shift of band 1 in molecule 2 can be
understood, since the introduction of the methylene
(-CH2-) between the benzene and the nitrogen
atom would destroy the interaction.

However replaccment of methyl group by
phenyl in molecule 1 leads to a bathochromic shift
of 12 nm in band L.

The introduction of electron donating groups
in the para position in the aniline part of molecule 1
causes a small bathochromic shift in band I,
whereas electron withdrawing groups cause a
noticeable blue shift Table 2.

For instance molecule 5 absorbs strongly at
338 nm, while molecule 1 absorbs at 375 nm. All
these observations lead to suggestion that these
compounds possess the keto-enamine structure.

However band I bathochromically shifted
when the solvent was changed from nonpolar to
polar Table 3 which reveals the == 7 nature of
the transition of the band, while the insensitivity of

Amax, nm (Emax,mzmol")

Solvent Band I Band 11 Band III
n-hexane 344(200) 238(1460) 205(2600)
CHCls  354(1970)  248(1400)

Methanol 345(2580) 256(1900)

THF 352(2060)  243(1960) 213(2040)
Dioxane 352(2040)  243(1320) 215(1200)
CCl4 352(1960)  260(1700)

DMSO  356(2040)  260(1700)

its intensity to various solvents indicated that
molecule 1 exists only as keto-énamine and the
other tautomers are either present in undetectable
quantities or absent.

B and I and III are not observed in the
spectrum of 4-(N- propylamino)-pent-3-ene-2-one,
quite clearly they are associated with the phenyl
groups. The bathochromic shift of band II with
respect to the acetophenone band at 244 nm can be
attributed to the effect of the presence of two
phenyl groups attached to the hydrogen bonded
chelated ring system in the keto-enamine structure.
Therefore band II is related to the conjugation of
the aromatic ring with unsaturated chelated ring
system, whereas band I1I attributed to the aromatic
ring.

NMR spectra and structure

The NMR studies are in agreement with that
of UV in suggesting that all of the Schiff bases ex-
amined exist in solution as keto- enamine form as
hydrogen bonded chelated tautomers.

No evidence has been observed which could
be assigned to a keto- imine tautomer, i.e no signal
was detected for the methylene protons,

The NMR data and the assignments are sum-
marised in Table 4. The data were obtained at 250
MHz and the solvent was CDCla.

The spectra were characterized by two singlet
lines. The dowr field broad lines in the region 11.71
to 12.95 ppm were attributed to hydrogen bonded
protons; i.e. N-H-O group, while the other ones be-
tween 5.76 and 6.18 ppm were assigned to the

" C=C-H protons Table 4.
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Table 4: NMMR data of Schiff bases in CDCI3 at
250 MHz

Mole- Chemical Shift PPM

aromatic aliphatic -CH2- N-H--O -C=C-H

1 7.98¢ 12.90° 6.09°
172"
719"
7.0
6.97

2 1%0°
7307

3 796¢
7.35"
6.92¢
6.68°

4 797
737"
6.70"

s 797
7.73¢
747
6.78¢

6 7.90¢
7.37"

4422 1 s87

J=6.7Hz

223 12.86° 6.05

3.70° 12.90° 6.04°

251° 12.88* 6.18

455 177 5.76'

J=6.7THz

208°

s = singlet, d = doublet, t = triplet, q = quartet

This indicates that these bases exist primarily
in the hydrogen bonded conjugated chelated keto-
enamine.

Comparison of the spectra of molecules 2 and
6 with other molecules examined, shows clearly that
the doublets in the region 4.41 to 4.58 ppm arose
from methylene protons of the benzyl groups. The
coupling of the methylene protons with the N-H--O
proton splits the methyles signal into doublet with
J=6.7Hz. Similar results have been found in study-
ing the NMR spectra of Schiff bases derived from
2-acetyl cyclic-ketones, these results support the
above conclusion.

Infrared spectra and structure

Infrared spectra showed a very weak broad
absorption band between 3400 to 2700 cm™ and a
weak band at 3060 cm’l. These bands were at-
tributed to hydrogen-bonded stretching vibration of
N-H group.

Characteristic absorptions of the compounds
are expected to appear in the region 1750 to 1500
cm’!. Since the double bonds C=0, C=C, C=N
and phenyl ring show vibrational absorptions in this
region as well as both C-O and C-N bonds which
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have partial double bond character. Therefore the
assignments of the bands must be considered as
tentative [2,10,12].

In fact the compounds have shown a number
of strong bands in-this region, but there was no in-
dication for the free carbonyl group, i.c. absorption
around 1700 cm™’, and therefore the possibility of
existence of the ket-imine was ruled out for these
compounds.

A strong absorption band appeared in the
spectra of all the compounds studied in the region
1600 to 1595 cm'l, was assigned to the hydrogen
bonded conjugated chelated C = O group, while the
next bands between 1585 to 1540 cm™ was at-
tributed to C=C stretching vibration. The other
bands in the region, at lower wave number, can be
attributed to vibrations of functional groups such as
phenyl rings. A similar conclusion was obtained by
Holtzclaw et al and Khuhawar [2,10].

A number of strong bands were observed in
the region 700 to 850 cm™. These bands around 800

and 700 cm™! were assigned to bending vibrations of
C=C-H of the keto-enamine form and aromatic
protons of phenyl rings respectively.

Mass spectra and structure

The compounds studied showed quite charac-
teristic behaviour upon electron impact. All the
compounds exhibited parent peaks with relatively
high intensitics. The appearance of the ion
[CeHs5CO] + at m/z = 105, and the absence of the
molecular ion at CH3CO+ at m/e = 43 in the
spectrum of molecule 6 can be taken as a strong
evidence that the condensation of benzoylacetone
and amines occurred on the acetyl group. On the
other hand, the ion [CeHsCQO]+ appeared in all
examined spectra.

On basis of this, one can conclude that these
compounds are mainly existed in keto-enamine
form, in agreement with the conclusion which was
obtained from NMR and IR studies.

Experimental

Preparation of Schiff bases

The investigated Schiff bases in this work are
summarized in Table 1.
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The bases werc prepared by condensation of
equimolar quantitics of the corresponding B-thioxo
ketones and appropriate amines as reported else-
where [17]. The compounds were identified by
sharp melting points, microanalysis, IR, 'H-NMR
and mass spectra,

Spectral measurements

UV absorption spectra were recorded in
various spectral solvents on a Pye unicam SP8-200
spectrophotometer, using 1 cm quartz cells, at a
concentration of 5 x 10°M, at room temprature. IR
spectra were measured in KBr discs and in CHCl3
and CCly solutions, concentration range 1to 10'3M,
with NaCl cells 0.5 - 0.2 mm - pathlength, using a
Pye Unicam SP 3300 spectrophotometer. 'H-NMR
spectra were obtained with a Brucker WM 250
spectrometer at 250 MHz, in CDCl3; solutions,
using TMS as internal standard. Mass spectra were
obtained on a MAT 1125 Finnigan using an ionizing
energy of 70 ev.

Microanalysis, 'H-NMR and mass spectra
were performed at the Faculty of Chemistry,
Konstanz University, West Germany.
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