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Abstract

Series ofE-2-benzylideneindanones (a), -tetralones (b) and -benzosuberones (c) with OCH3 (2–4), NO2 (5–7) and F (8–10)
substitutions (ortho, metaandpara) on their benzylidene moiety were synthesized by aldol condensation of the appropriate
aldehydes and benzocyclanones. The stereostructure (configuration and conformation) and the electronic properties (conjuga-
tion of the enone moiety with the aromatic rings) of the compounds were studied by IR,1H and 13C NMR spectroscopy
including also 2D-HSC, DNOE and DEPT measurements. Ab initio calculations were carried out to corroborate the experi-
mental findings.q 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction

Numerous synthetic and naturala ,b -unsaturated
carbonyls exhibit remarkable biological activity [1].
Among others, several chalcones and related benzyli-
dene ketones have been reported to possess antifungal
[2], antibacterial [3] and cytotoxic (antitumor) [4]
activities.

Recently we have stated antifungal [5,6] and cyto-
toxic (antitumor) [7] activities of someE-2-benzyli-
deneindanones (a), -tetralones (b), and -
benzosuberones (c, see Scheme 1). A number of the
investigated derivatives were found to be more active
than the reference compounds used in the different in
vitro test systems. The observed biological activities

have been found to be affected by both the ring size
and the substitution pattern of the benzylidene moiety
[5–7].

The biological activity of thea ,b -unsaturated
carbonyl (enone) compounds is considered to be asso-
ciated with their reactivity with the thiol moiety of the
critical peptides and/or proteins [1]. Is this mechanism
true, then electronic and steric factors should affect
the reactivity, i.e. their biological activity. In order to
support this assumption, we have performed a
comparative IR,1H NMR, and 13C NMR study on
compounds1a-c–10a-c (Scheme 1).

The aim of this study was to investigate the stereo-
structure (configuration and conformation) and the
electronic properties (conjugation of the enone moiety
with the conjugated and the condensed benzene rings)
of our compounds, which determine their reactivity
with nucleophilic reagents [8].
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2. Materials and methods

The E-2-benzylideneketones1–10 were prepared
according to the methods described in the literature
[9,10]. Elemental analysis data (C, H) of the
previously unpublished compounds were within
0.4% of the calculated values. The melting points
(8C) and (yields (%)) of unreported compounds are
as follows.2a: 131–133 (81),8a: 134–136 (73),9a:
127–129 (88),2b: 108–110 (83),8b: 56–58 (72),9b:
89–91 (89),2c: 85–87 (78),5c: 130–132 (69),6c:
113–15 (85),7c: 172–174 (93),8c: 59–61 (71) and
9c: 75–77 (88).

IR spectra were taken in KBr discs with a
Bruker IFS-55 instrument, controlled byopus 2.0
software. The 1H and 13C NMR spectra were
recorded in CDCl3 solution in 5 mm tubes at
room temperature, on a Bruker DRX-500 spectro-
meter at 500.13 (1H) and 125.76 (13C) MHz, with
the deuterium signal of the solvent as the lock and
TMS as internal standard. The standard Bruker
microprogram noemult.au to generate NOE
[11,12] was used. DEPT spectra [13] were run
in a standard manner [14], using only theQ �
1358 pulse to separate CH/CH3 and CH2 lines
phased ‘up’ and ‘down’, respectively. The 2D-
HSC spectra [15] were obtained by using the stan-
dard Bruker pulse programhxco.au.

The ab initio geometry optimisation was
carried out using thegaussian 94 [16] program
package at RHF level. The Dunning–Huzinaga
full double zeta basis set was used [17] with
polarisation functions for all atoms. The criteria
of convergence were the standard values of
gaussian 94.

3. Structure

The IR, 1H and 13C NMR data (Tables 1 and 2)
proved the expected structures of the compounds
investigated, hence, only their stereostructures and
the feature of conjugation in them will be briefly
discussed here.

Theoretically,E and Z geometric isomers can be
equally formed in the reaction used for synthesis of
our compounds. TheZ configuration, however, is
highly unfavourable because of strong steric interac-
tion between the aryl and carbonyl groups. Neverthe-
less, for one member of the three seriesa, b and c
(3a,c and 4b) the E configuration was proved by
DNOE experiments directly. The steric close arrange-
ment of H-20,60 atoms of the aryl group and the
methylene hydrogens vicinal to the Ca (C-2) atom
were confirmed by significant NOE: by saturating
the signal of one of the interacting groups, intensity
enhancement was observed on the signal of the other
group (Table 3).

The carbonyl IR-frequency of the compounds
investigated is decisively determined by the ring
size. The ring strain reveals in higher frequencies
[18] for seriesa, relative to seriesb andc by 35 and
34 cm21 (mean values), respectively (Table 4).

The mean value of thenCyO frequencies in the
seriesa–c are 1698, 1663 and 1664 cm21. Expansion
of electron delocalization including also the aryl
group in the side chain causes lowering in the
nCyO frequency for themeta- and para-substituted
derivatives as compared to theortho-analogues in
series a to an increasing extent (by 5, 11 and
13 cm21, respectively) in order of substituents F,
NO2 and OMe.
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In the fluoro compounds the ring size did not influ-
ence the frequency difference of positional isomers.
The slightly highernCyO frequency of theortho-
fluoro compounds is due to the2I effect of the substi-
tuents [19] being more effective in this position
instead of a change in the conformational equilibrium
corresponding to the rotation around the Cb –C21

Ar

bond.
The same is valid for the methoxy-analogues in

seriesb and c (including six- and seven-membered
rings). In seriesa, however, a spectacular change is
observable in thenCyO frequency, hence in the parti-
cipation of the aryl group in the conjugation; the
conjugation spreads into the aryl group, which reveals
itself in a lowering of thenCyO frequency by 15 and
11 cm21, respectively, for3a and4a as compared to
2a.

Nitro compounds represent an intermediate case
between the fluoro and methoxy derivatives. The

influence of changes in ring size or the position of
the substituent (and simultaneously in equilibriums
of rotamers corresponding to rotations around the
Cb –C21

Ar or Csubset
Ar –N(O2) bonds) on thenCyO

frequency operates in different proportions; the differ-
ence in frequencies between positional isomers5aand
6a/7a (5-ring series) is high (11 cm21), while it is
small for benzosuberones (c series), thus the spread
of conjugation changes significantly in the case ofa-
type compounds, while only scarcely in seriesc.

In seriesb (in the tetralones), both rotational equi-
librium differ for the individual compounds influen-
cing equally thenCyO frequency.

Very large differences were observed in the1H
NMR spectra ofortho- and meta/para-substituted
compounds for the chemical shifts Hb in seriesa,
the mean downfield shift is 0.56, 0.26 and 0.28 ppm
in the cases of OMe, NO2 and F substituents. In theb
andc series much smaller and scarcely different from
one another shift differences (0.09–0.22 ppm) were
measured. The delocalization in the enone system
and consequently the bond polarization, thus causes
the paramagnetic shifts [20] of the Hb signal to be
diminished by the buffering effect of the aryl group
of electron-reservoir nature in coplanar arrangement,
possible formeta- andpara-substituted derivatives.

From the above data, in accord with the IR frequen-
cies, it may be concluded, that:

1. the enone moiety is planar in seriesa and non-
planar for seriesb andc.

2. in seriesa the aryl group is also coplanar with the
enone moiety, thus for this series a fully planar
molecular skeleton is characteristic, while in series
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Table 3
Results of DNOE measurements on compounds3a,cand4b

Saturated signal Responses
3-CH2

a H-20 H-60 H-20,60 H-6 yCbH

3-CH2
b,c 3a,c 3a,c 3a

H-20 3c 3a,c
H-60 d 3a,c
H-20,60 e 4b 4b
yCbH 3a,c 3a,c 4b
5-CH2

b 3c

a Vicinal to yC(a). Further responses:
b,c 4-CH2 (3c, 4b)
d H-50 (3a,c)
e H-30,50 (4b).

Table 4
Spectral data on compounds1a–10a, 1b–10b and1c–10c relevant to electron distribution (conjugation) and stereostructure (conformational
equilibrium)

Assignment Spectrum Position of aryl substituent Series (x-membered ring)
a (5) b (6) c (7)

nCyO IR 1698^ 8 1663^ 3 1664^ 3
yCH(Ar) m, p 7.62^ 0.07 7.80̂ 0.10 7.76̂ 0.10
[Hb ] 1H NMR o 8.12 8.02 8.12
H-9 7.87^ 0.05 8.09̂ 0.07 7.73̂ 0.07

CyO 194.1^ 0.5 187.4̂ 0.3 197.6̂ 0.6
13C NMR m, p 16 8 2

Dd [C(a)-C(b )] o 21 11 4



b and c, the conformers with out-of-plane aryl
group to the enone plane are preferred, except for
compounds9c and 10c, where the aryl group is
coplanar with the CyC bond of the non-planar
enone group in the dominant conformer.

For the H-9 atom of the condensed benzene ring, in
peri position to the carbonyl group, the following
mean chemical shift values were measured in series
a, b and c: 7.87, 8.09 and 7.73 ppm, respectively
(Table 4). Consequently, the coplanar arrangement
of the carbonyl to the condensed ring in seriesa did
not change significantly in the tetralones (in seriesb),
and the anisotropic effect of the carbonyl [21] causes
an even larger downfield shift on the H-9 signal. The
higher paramagnetic shift can be explained by the
backforced polarization of the CyO bond in the non-
planar enone group; the anisotropy of the carbonyl
group becomes stronger due to enhanced bond
order.

After all, these facts refer to an essentially unaltered
C(9)–C(9a)–CyO dihedral angle, which deviated
only slightly from 08 also in seriesb. On the other
hand, from the stronger shielding of H-9 in seriesc
it may be concluded that this dihedral angle signifi-
cantly changes.

From the13C NMR shifts further conclusions can
be drawn, supporting the above statements:

1. the chemical shift difference of Ca and Cb atoms
(DdCaCb ) is characteristic of the polarization in
the enone moiety (the extension of delocalization
[22]): the more polarized is the enone group the
higher isDdCaCb . The mean value ofDdCaCb

is 16, 8 and 2 ppm in the 5-, 6- and 7-membered
alkanone ring containing seriesa, b andc for meta-
andpara-substituted compounds, while forortho-
analogues more enhanced data were observed (21,
11 and 4 ppm, respectively). Hence, enone polar-
ization is most pronounced in seriesa (full planar

structure) and even stronger for theortho-substi-
tuted compounds where the buffering effect of the
out-of-plane aryl group cannot be effective (c.f.
Table 4).

2. the mean shift of carbonyl carbons with only slight
fluctuation is 187.4 ppm in the tetralones (seriesb).
Due to ring strain [15] this value is higher in series
a (194.1^ 0.5 ppm) and a further increase can be
observed for seriesc, the seven-membered alka-
none ring containing benzosuberones (197.6^

0.6 ppm). The latter enhancement in the CyO
shift is due to the moderate bond polarization as
compared to seriesa andb, which results from its
localization to the CyO bond in the non-planar
enone moiety.

Quantum chemical calculations were carried out to
support our suggestions from IR and NMR spectro-
scopic investigations concerning the conformational
behaviours of seriesa, b andc containing 5-, 6- and
7-membered alkanone rings and different substituents
in different positions on the benzene ring of the aryl
group.

Ab initio geometry optimisation on compounds
1a-c lead to results (Table 5) which are in excellent
agreement with our spectroscopic conclusions. They
support

1. the fully planar structure of typea compounds (the
three dihedral angles relevant to conformations are
equally 08);

2. the moderate and considerable distortion of dihe-
dral angleQ1: C(9)–C(9a)–CyO in seriesb andc,
respectively;

3. the moderate and commensurable change in dihe-
dral angleQ2: OyC–C(a )yC(b)—deviation of
the enone moiety from coplanar arrangement—in
seriesb andc; and

4. the similar and significant distortion in dihedral
angle Q3: C(a )yC(b)–C(1,Ar)–C(2,Ar) in both
seriesb and c: the preference of the non-planar
arrangement of the aryl group and the enone
moiety.
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Table 5
Calculated dihedral anglesQ1, Q2 andQ3

a in compounds1a-c

Q1 Q2 Q3

1a 0 0 0
1b 10.4 12.7 43.5
1c 2 32.0 2 15.3 40.8

a c.f. text.
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retical and Technical Introduction to the Series ‘‘Absorption
Spectra in the Infrared Region’’, Akade´miai Kiadó, Budapest,
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