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Abstract—The synthesis of several 2/-hydroxynitrochalcones has been accomplished by an aldol reaction of equimolar amounts of the
appropriate 2/-hydroxyacetophenones with nitrobenzaldehydes in alkaline medium. The reaction of 2'-hydroxyacetophenones bearing a
6'-methoxy with 2- or 4-nitrobenzaldehydes gave the expected 2’-hydroxynitrochalcones and also 4-methoxynitroaurones, being the latter
ones the unique reaction products when using 2 molar equiv of nitrobenzaldehydes. The reaction mechanisms for the formation of both
products are discussed. The '3*C NMR chemical shifts have been discussed first by means of an empirical additive model and then by

comparison with GIAO/B3LYP calculated absolute shieldings.
© 2004 Elsevier Ltd. All rights reserved.

1. Introduction

Chalcones (1,3-diaryl-2-propen-1-ones) are an import class
of natural compounds belonging to the flavonoid family,
which have demonstrated to possess an impressive array of
pharmacological and agrochemical activities, namely, anti-
protozoal, anti-inflammatory, immunomodulatory, nitric
oxide and lipid peroxidation inhibition, antileishmanial,
antimalarial, antiulcer, cytotoxic, anticancer, antitumour,
antimicrobial and antiviral activities.! =12 Certain natural
and synthetic derivatives bearing a 2/-hydroxy group have
also exhibited a wide spectrum of biological activities with
potential applications as biocides and pharmaceutical
drugs.!13~15 The presence of the enone function and the
2'-hydroxy group in these compounds are important
structural features for their antibiotic activity.!

The importance of 2'-hydroxychalcones is due not only to
their important biological activities, but also due to the fact
that they are intermediates in the synthesis and biosynthesis
of several flavonoids, such as flavanones, flavones,
isoflavones and aurones.!'®~2! As part of our interests in
the area of flavonoids?>~2* and having in mind the potential
applications of several nitro- and aminoflavonoid-type
compounds,?!%25-33 we have expand our studies to the
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synthesis of several new 2'-hydroxynitrochalcone deriva-
tives. Nitroflavones are selective and competitive ligands
for central benzodiazepine receptors and possess anxiolytic
properties. The presence of nitro groups is essential for these
activities.?”-?8:33 Flavones bearing amino groups on the A or
B ring have been reported to be potential antineoplastic
agents?® and proved to be antimutagenic in the Ames test
using different species of mutagens.>! Some aminoflavones
derivatives are also known as specific antitumour agents
in breast cancer? and are reported by several authors as
tyrosine kinases inhibitors?> and as antimitotic agents.>?> On
the other hand, a series of aminochalcones, synthesised as
candidate of cytotoxic agents, displayed selective toxicity to
certain malignant cell and were well tolerated in mice.!'©

The synthesis of 2/-hydroxychalcones have been exten-
sively studied,!8-34~36 whereas to our knowledge only a few
synthetic methods are available for the preparation of their
nitro derivatives.>’ ~#! Taking these facts into consideration,
we started a programme on the synthesis and trans-
formation*! of this type of compounds and on the study of
their spectroscopic features which can give some insights
about their biological activities. Recently, Lluch et al.
studied the inverse dependence of the chemical shift of the
hydroxyl proton of 4'-dimethylamino-2'-hydroxychalcone
by theoretical calculations.*? In this communication, we
report the experimental and theoretical studies on the 'H
and '*C NMR chemical shifts of twelve 2'-hydroxynitro-
chalcones 3b—m and the comparison with those of the
parent compound 3a.
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2. Results and discussion

Initial experiments considered the aldol reaction of
2/-hydroxyacetophenone (1a) with 1.1 molar equiv of 2-
nitrobenzaldehyde (2b) in alkaline medium (2 molar equiv
of sodium hydride have been used, since one is consumed
by the hydroxyl group) (Scheme 1). After the disappearance
of the starting materials, controlled by TLC, the expected
2/-hydroxy-2-nitrochalcone (3b) was obtained in 16% yield,
after a tedious and hard purification process by preparative
thin layer chromatography. In order to increase the yield of
the reaction and to avoid some benzaldehyde oxidation, we
have deoxygenated the reaction medium before the addition
of 2-nitrobenzaldehyde (2b) and the expected chalcone (3b)
was obtained in 24% yield. After this result we carried
out the reactions of 2’-hydroxyacetophenones la—d with
1.1 equiv of nitrobenzaldehydes (2b—d) in the same
alkaline conditions and the expected 2'-hydroxynitro-
chalcones 3c—m were obtained in moderate to good yields
(Table 1). In the case of chalcones 3h, 3j and 3k a new
compound have been obtained in each case. These new
compounds were identified as aurones 4h, 4j and 4k. The
reaction of 4-nitrobenzaldehyde (2d) and 2'-hydroxy-4',6/'-
dimethoxyacetophenone (1d) does not gave the expected
chalcone 3m but a complex mixture of compounds where
there was some starting acetophenone 1d. Since some
starting acetophenone 1d was recovered in this case, we
decided to increase the quantity of 4-nitrobenzaldeyde (2d)
to 2 molar equiv 2'-Hydroxy-4',6'-dimethoxy-4-nitrochal-

Table 1. Yields obtained in the synthesis of 2'-hydroxynitrochalcones 3b—m

cone 3m were obtained in 17% yield together with 4,6-di-
methoxy-4-nitroaurone (4m) (27% yield) after 2 h reaction
time and only aurone 4m (44% yield) after 10 h reaction
time (Table 1). Since the yield of the expected chalcone 3m
was not increased after some changes in the experimental
procedure, it was decided to perform all the other reactions
in these conditions trying to get 2'-hydroxynitrochalcones
3b-m in better yields. The aldol reactions of 2'-hydroxy-
acetophenones la—d with 2 molar equiv of nitrobenzalde-
hydes 2b—d gave the expected chalcones 3b-g, 3i and 31 in
better yields than when using 1.1 molar equiv of benzal-
dehydes 2b—d (Table 1). However, in the cases where some
aurones 4h, 4j and 4k have been obtained using 1.1 equiv of
benzaldehyde, with 2 equiv only these compounds have
been obtained after 2 h reaction time (Table 1). These
results indicate that the presence of a 6-methoxy group in
the acetophenone moiety and a 2- and 4-nitro group in the
benzaldehyde moiety (were there is an electronic conju-
gation between the nitro substituent and the formyl group)
difficult the formation of chalcones, which after to be
formed are oxidised (dehydrogenated) into the correspond-
ing aurones 4h, 4j, 4k and 4m.*?

In order to explain the formation of aurones 4h, 4j, 4k
and 4m, we analysed by preparative tlc the reaction mixture
of 2'-hydroxy-4',6'-dimethoxyacetophenone (1d) with
2 molar equiv of 4-nitrobenzaldehyde 2d and 4-nitrobenzyl
alcohol have been identified (vide experimental). This
result indicates that one can envisage the dehydrogenation

Equiv. nitrobenzaldehydes

Yield of 2'-hydroxynitrochalcones 3b—m (%)

3b 3c 3d 3e 3g 3h 3i 3j 3k 31 3m
1.1 24 68 80 21 64 15° 64 19° 21° 60 —
2 44 75 89 40 74 4 81 —c —f 73 178

2 Plus 41% of 4h.
® Plus 48% of 4j.

¢ Plus 47% of 4k.
4 Only 89% of 4h.
¢ Only 74% of 4j.
' Only 78% of 4k.
& Plus 27% of 4m.
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Table 2. 'H and '*C chemical shifts (8, ppm, in DMSO-dg) and matrix of substituents

Compound H-a H-B OH C-a C-B 4'-OMe 6'-OMe 2-NO, 3-NO, 4-NO,
3a 8.05 7.84 12.50 121.8 144.9 0 0 0 0 0
3b 7.98 8.06 12.11 126.6 138.8 0 0 1 0 0
3c 8.23 7.92 12.35 124.7 142.0 0 0 0 1 0
3d 8.15 7.85 12.15 126.2 141.3 0 0 0 0 1
3e 8.00 8.07 13.13 125.3 139.6 1 0 1 0 0
3f 8.22 791 13.31 124.1 141.6 1 0 0 1 0
3g 8.20 7.88 13.23 125.5 141.1 1 0 0 0 1
3h 7.15 7.64 10.41 132.3 138.2 0 1 1 0 0
3i 7.34 7.48 10.42 131.0 140.9 0 1 0 1 0
3j 7.35 7.45 10.41 132.0 140.3 0 1 0 0 1
3k 7.69 7.87 13.15 131.8 136.6 1 1 1 0 0
31 7.85 7.71 13.22 130.4 139.3 1 1 0 1 0
3m 7.70 7.59 13.21 131.7 139.0 1 1 0 0 1

of 2/-hydroxychalcones 3h, 3j, 3k and 3m into the
corresponding aurones 4h, 4j, 4k and 4m by hydrogen
transfer to the corresponding benzaldehyde used in excess
which is transformed into the obtained benzyl alcohol.

We report here the full characterisation of all synthesised
2'-hydroxynitrochalcones 3b—m since a major part of them
are new compounds and the references found for the others
are old and do not report these data. The NMR data of
2'-hydroxychalcone 3a are reported for the comparison
study with the nitro derivatives (vide infra).

The main features of the NMR data of 2'-hydroxychalcones
3a—m are the resonances of: (i) the hydroxyl groups at &
10.41-13.23 ppm. The high frequency resonances of these
protons are due to the intramolecular hydrogen bond formed
with the carbonyl group; (ii) the vinylic protons appearing
as doublets at Oy, 7.15-8.23 ppm and Sy 7.45-8.07 ppm.
The coupling constants 3JHU_HB ~15-16 Hz indicate the
trans configuration of these vinylic system; (iii) the vinylic
carbons which appear at 8¢, 121.8-132.3 ppm and Scg
136.6—144.9 ppm. The resonances of C-f3 atoms appear at
higher frequency values than those of C-a due to
deshielding mesomeric effect of the carbonyl group; (iv)
the carbonyl group appearing at 6 191.1-194.0 ppm, and
(v) the aromatic carbons bonded to oxygen atoms, which
appear at 6~157-166 ppm. The resonances of the hydroxyl
proton and of the vinylic proton and carbon atoms are
very sensitive to the substituents of both aryl rings of
2'-hydroxychalcones 3a—m (vide infra).

The main NMR features of aurones 4h, 4j, 4k and 4m are
the resonances of their vinylic proton, which appear at &y,
6.75-7.00 ppm. These resonance frequency are consistent
with a Z configuration of the olefinic bond of aurones, the
thermodynamically more stable isomers of these com-
pounds.** Another important resonances to support the
structure of aurones are the carbon resonances of C-a
(6 103.4-107.4 ppm), C-2 (6 147.7-149.2 ppm) and C=0
(6 180.1-180.5 ppm).

The comparison of the 'H and '3C chemical shifts of the
parent compound 2'-hydroxychalcone 3a with those of the
twelve methoxy/nitro derivatives 3b—m, shed some light in
the effect of these substituents. The most sensitive signals
are those belonging to H-a, H-3, OH, C-a and C-3. We

have reported these values together with a presence/absence
matrix in Table 2.

2.1. Empirical analysis of Table 2 chemical shifts

Using the presence/absence matrix the following corre-
lations are obtained (n=13 points):

SH-a = 8.05 + 0.24"(4-OMe) — 0.62"(6'-OMe)
— 0.16°(2-NO,) + 0.05%(3-NO,)

— 0.01*(4-NO,), > = 0.90 (1)

SH-B = 7.84 + 0.10"(4-OMe) — 0.32"(6'-OMe)
+0.187(2-NO,) + 0.02%(3-NO,)

— 0.04"(4-NO,), 7 = 0.94 )

SOH = 12.5 + 1.9(4-OMe) — 0.91*(6'-OMe)
— 0.80"(2-NO,) — 0.67"(3-NO,)

— 0.74*(4-NO,), r* = 0.94 (3)

8C-a0 = 121.8 — 0.7%(4'-OMe) + 6.17(6/-OMe)
+4.5"(2-NO,) + 3.0°(3-NO,)

+ 4.3%(4-NO,), r* = 0.998 4)

8C-B = 144.9 — 0.7°(4-OMe) — 1.77(6'-OMe)
— 5.4%(2-NO2) — 2.8*(3-NO,)

— 3.3%(4-NO,), * = 0.95 (5)
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Since the goodness-of-fit, as represented by r2, are not
good, except in the case of 6C-«, we suspect that the effect
of the methoxy groups was not independent. We introduced
a supplementary dummy when both are present simul-
taneously (compounds 3k—m), (4',6'-diOMe).

SH-a = 8.05 + 0.02"(4-OMe) — 0.84"(6/-MeO)

—0.05"(2-NO,) + 0.16"(3-NO,)

—0.10"(4-NO,) + 0.45(4, 6'-diOMe), ©
= 0.991
SH-B = 7.84 + 0.017(4-OMe) — 0.42"(6'-MeO)
+ 0.23"(2-NO,) + 0.07"(3-NO,) ;
+0.017(4-NO,) + 0.19(4, 6'-diOMe), 7
= 0.992
S8OH = 12.5 + 1.01"(4'-OMe) — 1.79"(6'-MeO)
- 0.33%(2-NO,) — 0.25"(3-NO,) )

—0.30"(4-NO,) + 1.77(4, 6'-diOMe),

= 0.999

Iy
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85C-a = 121.8 — 0.9°(4’-OMe) + 5.9%(6'-MeO)

+ 4.6"(2-NO,) + 3.1%(3-NO,)

+ 4.4%(4-NO,) + 0.4(4, 6/-diOMe), ®
r* = 0.999
8C-B = 144.9 — 0.1"(4-OMe) — 0.9%(6'-MeO)
- 5.8°(2-NO,) — 3.1°(3-NO,)
(10)

— 3.7°(4-NO,) — 1.6(4, 6/-diOMe),

= 0.991

Egs. (6)—(10) can be summarised graphically as represented
in Scheme 2.

Concerning the OH proton, the presence of a methoxy group
at position 4’ produces a strengthening of the O—H---O
hydrogen bond while a 6'-methoxy group weakens the HB.
The first effect is electronic in origin, making the carbonyl
group, in para position, a better HB acceptor. The ortho
methoxy group should produce a similar effect but its steric
effect counterbalanced it, the torsion about the CO-Ca
bond weakens the HB. The presence of two methoxy groups
has a strong positive effect on the HB, and somewhat

6'-OMe: - 0.8
4'.6'-OMe interaction: + 0.4

6'-OMe: 0.4
4',6'-OMe interaction: + 0.2

4'-OMe: + 1.0

6'-OMe: -1.8

4',6'-OMe interaction: + 1.8
NO, (average): —0.3

6'-OMe: +5.9
NO, (average): +4.0

13C MeO OMe

O

\\\o
w
H

F

I—0

4',6'-OMe interaction: + 1.6
2-NO2: -5.8
3 or 4-NO2 (average): -3.4

Scheme 2. Effects of the substituents (SCS, ppm) on 'H and '>C signals.
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Scheme 3. Conformation of the o-nitrophenyl group.

counterbalances the steric effect of the 6/-methoxy group.
The same effects, although attenuated, are observed on H-a
and H-B, besides H-a is more sensitive to the closer by
6'-OMe while H-{ is more sensitive to the ortho nitro group
(this implies that the conformation of the nitrophenyl group
has the NO, group close to H-$3 and not to H-a) (Scheme 3).

In '3C NMR, the SCS of Scheme 2 show the sensibility to
proximity effects (C-a to 6/-OMe group and C-B to all NO,
groups but especially to the ortho one).

2.2. Theoretical analysis of Table 2 chemical shifts

It should be possible to verify the conclusions of the
previous empirical discussion carrying GIAO/DFT calcu-
lations. We decided to calculate, as the most representative
compounds, 3a, 3b, 3¢, 3d, 3g, 3j and 3m. Initially the
structures have been optimised at the B3LYP/6-31G* level
and its minimum nature has been confirmed by frequency
calculations. A further optimisation has been carried out at
the B3LYP/6-3114++4-G** level and these structures have
been used to obtain the theoretical absolute chemical
shielding with the GIAO method. As this implies in a first
step the optimisation (B3LYP/6-31G*), the first result is
that of the two conformations of Scheme 3, that of the left
side is the only one stable (compound 3b). The geometrical
characteristics of the O—H---O hydrogen bonds in the
different compounds are gathered in Table 3.

Table 3. Distance (A) and angle (°) of the structures optimised at the
B3LYP/6-3114-4G** computational level

Compound H---O O-H---0
3a 1.638 148.0
3b 1.653 147.4
3¢ 1.652 147.4
3d 1.650 147.4
3g 1.646 148.1
3j 1.611 147.7
3m 1.598 149.1

The & '3C are relatively well correlated with the calculated
absolute shielding, o. Although all nuclei of each molecule
are calculated, we will limit ourselves to those correspond-
ing to Table 1. For carbon atoms C-a and C-B, Eq. (11) is
obtained.

813C(ppm) = 162 ppm — 0.630'13C(ppm),n =14,/
=0.96 €8Y)

The slope is far from 1 but the correlation coefficient is

acceptable taking into account that the experimental

(23 ppm) and calculated (33 ppm) ranges are quite narrow.
An analysis of the calculated values similar to Egs. (9) and

ON
2
MeO
_ i
I
H

O O
~ H\

(10) is possible but not interesting due to the proportionality
between 6 and o (Eq. (11)). The theoretical calculated
values do not need an empirical partition into contributing
terms: they show that the experimental results are consistent
with the optimised geometries and there are no large
anomalies. Two points show the largest deviations both C-3
carbons: 3b (2-NO,) fitted 143.0, experimental 138.8
(Ab6=-4.2 ppm) and 3g (4-NO,) fitted 138.1, experimental
141.1 (A6=+3.0 ppm). The NMR spectra have been
recorded again and the experimental values do not change:
we have no explanation for these differences that reflect
some factor not well taken into account by the calculations,
a rather unusual observation.

Concerning the 'H chemical shifts, the CH and the OH
cannot be treated together. This is an usual observation:
protons linked to heteroatoms are different, not from the
calculations, but from the experimental data. The calcu-
lations correspond to the isolated molecule and the
experimental data are from DMSO-dg solutions. Obviously,
the solvent plays an important role on the acidic proton.

3. Computational details

The structure of the molecules have been optimised with the
hybrid B3LYP functional*>#¢ and the 6-31G**’ using the
Gaussian-98 program.*® At the same computational level,
the minimum nature of the structures has been confirmed by
frequency calculation. A further geometry optimisation has
been carried out at the B3LYP/6-311++G***° compu-
tational level. The absolute chemical shieldings have been
calculated using the GIAO method®®>! at the B3LYP/
6-311++G** level.

4. Experimental

Melting points were measured in a Biichi 535 apparatus and
are uncorrected. NMR spectra were recorded on a Bruker
DRX 300 spectrometer (300.13 for 'H and 75.47 MHz for
13C), with DMSO-dg as a solvent. Chemical shifts (8) are
reported in ppm and coupling constants (J) in Hz. The
internal standard was TMS. Unequivocal '3C assignments
were made with the aid of 2D gHSQC and gHMBC (delays
for one bond and long-range J C/H couplings were
optimised for 147 and 7 Hz, respectively) experiments.
Electron impact (EI, 70 eV) MS were recorded on VG
Autospec Q spectrometer. Elemental Analyses were
obtained on a Carlo Erba 1108 CHNS analyser. Preparative
thin-layer chromatography was performed with Merck silica
gel 60 DGF;s4. Column chromatography was performed
with Merck silica gel 60, 70—-230 mesh. All other chemicals
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and solvents used were obtained from commercial sources
and used as received or dried using standard procedures.

4.1. Synthesis of 2'-hydroxychalcone (3a)

An aqueous solution of sodium hydroxide (60%, 160 mL)
was added to a methanolic solution (160 mL) of
2'-hydroxyacetophenone (1a) (4 mL, 33 mmol). The
obtained solution was cooled to room temperature, benz-
aldehyde (2a) (40 mmol) was added and the reaction
mixture was stirred for 4 h. After this period, the reaction
mixture was poured into a mixture of water (100 mL), ice
and hydrochloric acid (pH adjusted to 2). The obtained solid
was filtered, taken in chloroform (300 mL) and washed with
a 5% aqueous solution of sodium hydrogen carbonate
(2%x200 mL). The organic layer was collected, dried and
evaporated to dryness. The residue was crystallised from
ethanol; giving 2'-hydroxychalcone 3a (75%). Mp 81—
83 °C (recrystallised from ethanol, 1it.*° 88 °C). 'H NMR: &
6.98—7.04 (m, 2H, H-3' and H-5), 7.57 (dt, 1H, H-4', J=1.6,
7.8 Hz), 7.45-7.50 (m, 3H, H-3, H-4 and H-5), 7.84 (d, 1H,
H-B, J=15.6 Hz), 7.91-7.93 (m, 1H, H-2,6), 8.05 (d, 1H,
H-a, J=15.6 Hz), 8.25 (dd, 1H, H-6/, J=1.6, 8.3 Hz), 12.50
(s, 1H, 2'-OH). '3C NMR: § 117.8 (C-3), 119.2 (C-5),
120.9 (C-1"), 121.8 (C-av), 129.0 (C-3,5), 130.9 (C-6'), 129.2
(C-2,6), 134.4 (C-1), 131.0 (C-4), 136.4 (C-4), 144.9 (C-B),
161.9 (C-2'), 193.7 (C=0).

4.2. Synthesis of 2'-hydroxynitrochalcones 3b—m

Method A. Sodium hydride (0.88 g, 36.5 mmol) was slowly
added to a solution of the appropriate 2'-hydroxyaceto-
phenone la—d (16.6 mmol) in dry tetrahydrofuran (10 mL)
and the reaction mixture stirred at room temperature for
20 min. After this period the adequate nitrobenzaldehyde
2b-d (18.3 mmol) dissolved in tetrahydrofuran (10 mL)
was added. The solution was stirred, under nitrogen, at room
temperature until the disappearance of the starting materials
(~8 h). The solution was poured into ice and water, and the
pH adjusted to 3 with hydrochloric acid. The obtained solid
was removed by filtration, dissolved in chloroform (30 mL)
and washed with water (2X20 mL). The organic layer was
dried over Na,SO,4 and evaporated to dryness. In the case of
2/-hydroxynitrochalcones 3b—g, 3i and 3l, the residue was
crystallised from ethanol, ethyl acetate or ethanol:acetone.
2'-Hydroxynitrochalcones 3h, 3j and 3k and the correspond-
ing nitroaurones 4h, 4j and 4k have been isolated from the
reaction mixture by by column chromatography using
different mixtures of chloroform:n-hexane as eluent. Finally
all the synthesised compounds were recrystallised from
ethanol, ethyl acetate or ethanol:acetone, and collected in
the following yields: 3b, 24%; 3¢, 68%; 3d, 80%; 3e, 21%;
3t, 60%; 3g, 64%; 3h, 15% and 4h, 41%; 3i, 64%; 3j, 19%
and 4j, 48%; 3k, 21% and 4Kk, 47%; 31, 60%.

Method B. This method is similar to method A, except the
quantity of the adequate nitrobenzaldehyde 2b—d, which
was 33.2 mmol. The obtained yields were as follows: 3b,
449%; 3¢, 75%; 3d, 89%; 3e, 40%; 3f, 72%; 3g, 74%; 4h,
89%; 3i, 81%; 4j, 74%; 4K, 78%; 31, 78%; 3m, 17% and 4m,
27%.

4.2.1. 2'-Hydroxy-2-nitrochalcone (3b). Mp 160.2—

161.0 °C (recrystallised from ethanol). '"H NMR: § 7.00
(d, 2H, H-3" and H-5', J=7.9 Hz), 7.58 (dt, 1H, H-4', J=1.7,
7.9 Hz), 7.71 (dt, 1H, H-4, J=1.4, 8.2 Hz), 7.84 (dt, 1H,
H-5,J=1.2,8.2 Hz), 7.98 (d, 1H, H-«a, J=15.4 Hz), 8.06 (d,
1H, H-B, J=15.4 Hz), 8.11 (dd, 1H, H-3, J=1.2, 8.2 Hz),
8.16 (dd, 1H, H-6, J=1.4, 8.2 Hz), 8.19 (dd, 1H, H-6,
J=1.7, 7.9 Hz), 12.11 (s, 1H, 2’-OH). '3C NMR: & 117.8
(C-3"), 119.4 (C-5), 121.1 (C-1"), 126.6 (C-av), 124.8 (C-3),
131.1 (C-6'), 129.6 (C-1 and C-6), 131.3 (C-4), 133.9 (C-5),
136.5 (C-4'), 138.8 (C-B), 148.8 (C-2), 161.5 (C-2'), 193.0
(C=0). EI-MS: m/z (rel. intensity) 269 (M™, 10), 252 (55),
222 (38), 165 (7), 132 (5), 121 (100), 102 (8), 93 (18), 77
(10), 65 (32). IR v 1643, 1589, 1513, 1438, 1342, 1267,
1205, 1018 cm™!. Anal. calcd for C;sH;;NO,: C 66.91, H
4.09, N 5.20. Found: C 66.70, H 4.03, N 5.12.

4.2.2. 2-Hydroxy-3-nitrochalcone (3c). Mp 163.5—
163.9 °C (recrystallised from ethyl acetate, lit.** 163.0 °C).
'"H NMR: §7.02 (d, 2H, H-3' and H-5, J=8.0 Hz), 7.58 (dt,
1H, H-4, J=1.4, 8.0 Hz), 7.75 (t, 1H, H-5, J=9.0 Hz), 7.92
(d, 1H, H-B, J=15.6 Hz), 8.23 (d, 1H, H-a, J=15.6 Hz),
8.27 (d, 1H, H-6, J=9.0 Hz), 8.31-8.35 (m, 2H, H-4 and
H-6'), 8.78 (d, 1H, H-2, J=1.6 Hz), 12.35 (s, 1H, 2'-OH).
13C NMR: 6 117.7 (C-3'), 119.2 (C-5'), 120.7 (C-1), 123.1
(C-2), 124.7 (C-at), 124.9 (C-6), 130.3 (C-5), 131.1 (C-6),
135.2 (C-4), 136.3 (C-1), 136.5 (C-4'), 142.0 (C-B), 148.4
(C-3), 161.8 (C-2)), 1933 (C=0). EI-MS: m/z (rel.
intensity) 269 (M*, 60), 268 (44), 252 (10), 222 (9), 194
), 176 (7), 152 (3), 147 (100), 121 (55), 102 (22), 93 (15),
76 (12), 65 (30). IR v 1644, 1589, 1523, 1486, 1438, 1357,
1288, 1211, 1157 cm™'. Anal. caled for C;sH;;NO4: C
66.91, H 4.09, N 5.20. Found: C 66.78, H 3.97, N 5.12.

4.2.3. 2-Hydroxy-4-nitrochalcone (3d). Mp 141.8—
142.1 °C (recrystallised from ethyl acetate, lit.*0 206—
207 °C, 1it.3” 153-154 °C). "H NMR: 8 6.99-7.04 (m, 2H,
H-3' and H-5), 7.58 (dt, 1H, H-4', J=1.5, 7.8 Hz), 7.86 (d,
1H, H-B, J=15.5 Hz), 8.14 (d, 2H, H-2,6, /=9.1 Hz), 8.15
(d, 1H, H-o, J=15.5Hz), 820 (dd, 1H, H-6', J=1.5,
8.3 Hz), 8.27 (d, 2H, H-3,5, J=9.1 Hz), 12.15 (s, 1H,
2/-0OH). 3C NMR: § 117.6 (C-3'), 119.1 (C-5"), 120.9
(C-1), 123.8 (C-3,5), 126.2 (C-a), 129.8 (C-2,6), 130.9 (C-
6), 136.5 (C-4'), 140.8 (C-1), 141.3 (C-B), 148.1 (C-4),
161.5 (C-2), 193.1 (C=0). EI-MS: m/z (rel. intensity) 269
(M™, 82), 268 (60), 252 (16), 222 (15), 194 (6), 176 (10),
165 (13), 147 (100), 121 (62), 102 (19), 93 (15), 93 (17), 76
(9), 65 (27). IR v 1644, 1590, 1515, 1490, 1440, 1340, 1270,
1209, 1157 cm ™!, Anal. caled for C;sH;{NO,4: C 66.91, H
4.09, N 5.20. Found: C 66.64, H 3.97, N 5.17.

4.2.4. 2'-Hydroxy-4'-methoxy-2-nitrochalcone (3e). Mp
149.9-150.3 °C (recrystallised from ethanol). 'H NMR: &
3.87 (s, 3H, OCH>), 6.55 (d, 1H, H-3', J=2.5 Hz), 6.59 (dd,
1H, H-5', J=2.5, 9.0 Hz), 7.72 (ddd, 1H, H-4, J=1.2, 7.6,
8.0 Hz), 7.85 (ddd, 1H, H-5, J=1.0, 7.6, 7.7 Hz), 8.00 (d,
1H, H-a, J=15.5 Hz), 8.07 (d, 1H, H-B, J=15.5 Hz), 8.11
(dd, 1H, H-3, J=1.0, 8.0 Hz), 8.22 (dd, 1H, H-6, J=1.2,
7.7 Hz), 8.27 (d, 1H, H-6/, J=9.0 Hz), 13.13 (s, 1H, 2’-OH).
13C NMR: 8 55.9 (OCH3), 101.0 (C-3), 107.7 (C-5), 113.9
(C-1), 124.8 (C-3), 125.8 (C-a0), 129.6 (C-1), 129.7 (C-6),
131.2 (C-4), 133.0 (C-6), 133.8 (C-5), 138.3 (C-B), 148.8
(C-2), 165.7 (C-2), 166.4 (C-4), 191.3 (C=0). EI-MS: m/z
(rel. intensity) 299 (M, 22), 282 (54), 252 (46), 226 (10),
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177 (9), 164 (8), 151 (100), 120 (5), 108 (12), 102 (7), 95
(11), 77 (6), 65 (7). IR v 1639, 1579, 1517, 1344, 1228,
1201, 1135 cm ™!, Anal. caled for Cy¢H3NOs: C 64.21, H
4.35, N 4.68. Found: C 64.12, H 4.34, N 4.60.

4.2.5. 2'-Hydroxy-4'-methoxy-3-nitrochalcone (3f). Mp
177.6—-178.3 °C (recrystallised from ethyl acetate, lit.>?
172-173°C). '"H NMR: § 3.85 (s, 3H, OCH>), 6.52 (d, 1H,
H-3',J=2.4 Hz), 6.58 (dd, 1H, H-5', J=2.4,9.0 Hz), 7.75 (t,
1H, H-5, J=8.0 Hz), 7.91 (d, 1H, H-B3, J=15.7 Hz), 8.22 (d,
1H, H-o, J=15.7 Hz), 8.27 (dd, 1H, H-6, J=2.4, 9.0 Hz),
8.31-8.35 (m, 2H, H-4 and H-6), 8.80 (br s, 1H, H-2), 13.31
(s, 1H, 2'-OH). 3C NMR: & 55.9 (OCHz), 100.9 (C-3'),
107.7 (C-5'), 113.9 (C-1), 123.2 (C-2), 124.1 (C-v), 124.9
(C-6), 130.4 (C-5), 133.1 (C-6'), 135.4 (C-4), 136.3 (C-1),
141.6 (C-B), 148.5 (C-3), 165.9 (C-2), 166.3 (C-4'), 191.7
(C=0). EI-MS: m/z (rel. intensity) 299 (M™, 100), 298
(38), 282 (8), 252 (6), 224 (10), 177 (97), 151 (53), 120 (9),
102 (9), 95 (7), 76 (5). IR v 1641, 1581, 1527, 1438, 1353,
1284, 1230, 1132cm™'. Anal. caled for C;¢H;3NOs: C
64.21, H 4.35, N 4.68. Found: C 63.88, H 4.33, N 4.61.

4.2.6. 2'-Hydroxy-4-methoxy-4-nitrochalcone (3g). Mp
191.8—-192.7°C (recrystallised from ethyl acetate, lit.5?
194-195°C). 'H NMR: & 3.86 (s, 3H, OCHs), 6.54 (d,
1H, H-3/, J=2.4 Hz), 6.59 (dd, 1H, H-5', J=2.4, 9.0 Hz),
7.88 (d, 1H, H-B, J=15.6 Hz), 8.18 (d, 2H, H-2,6, J=
8.7 Hz), 8.20 (d, 1H, H-c, J=15.5 Hz), 8.29 (d, 2H, H-3.5,
J=8.7Hz), 8.30 (d, 1H, H-6/, J=9.0 Hz), 13.23 (s, 1H,
2-OH). 3C NMR: & 55.9 (OCHs), 101.0 (C-3'), 107.7
(C-5), 1140 (C-1), 124.0 (C-3,5), 1255 (C-at), 130.1
(C-2,6), 133.0 (C-6), 141.0 (C-1), 141.1 (C-B), 148.1 (C-4),
165.8 (C-2'), 166.4 (C-4'), 191.4 (C=0). EI-MS: m/z (rel.
intensity) 299 (M*, 82), 298 (46), 282 (10), 271 (11), 252
(12), 224 (6), 210 (3), 177 (100), 165 (7), 151 (64), 130 (5),
102 (14),95 (11), 76 (9). IR » 1637, 1589, 1509, 1340, 1287,
1224, 1209, 1132 cm™'. Anal. caled for C;¢H;3NOs: C
64.21, H 4.35, N 4.68. Found: C 64.11, H 4.38, N 4.61.

4.2.7. 2'-Hydroxy-6'-methoxy-2-nitrochalcone (3h). Mp
180.2—181.4 °C (recrystallised from acetone:ethanol). 'H
NMR: 6 3.76 (s, 3H, OCH3), 6.55 (d, 1H, H-3', J=8.3 Hz),
6.58 (d, 1H, H-5, J=8.3 Hz), 7.15 (d, 1H, H-a, J=15.9 Hz),
7.27 (t, 1H, H-4, J=8.3 Hz), 7.64 (d, 1H, H-B, J=15.9 Hz),
7.67 (ddd, 1H, H-4, J=1.3, 7.6, 8.1 Hz), 7.78 (t, 1H, H-5,
J=17.6 Hz), 7.97 (d, 1H, H-6, J=7.6 Hz), 8.06 (dd, 1H, H-3,
J=1.0, 8.1 Hz), 10.41 (s, 1H, 2’-OH). '3C NMR: & 55.8
(OCHj3), 102.3 (C-5"), 109.0 (C-3), 1152 (C-1), 124.8
(C-3), 129.2 (C-6), 129.6 (C-1), 131.0 (C-4), 132.3 (C-4'
and C-a), 134.0 (C-5), 138.2 (C-B), 148.5 (C-2), 157.2
(C-2)), 1583 (C-6'), 194.0 (C=0). EI-MS: m/z (rel.
intensity) 299 (M*, 100), 282 (80), 252 (58), 177 (10),
164 (11), 136 (21), 108 (20), 77 (10), 65 (16). IR v 1633,
1583, 1529, 1473, 1454, 1351, 1236, 1205, 1085 cm™ .
Anal. calcd for C1¢H;3NOs5: C 64.21, H4.35, N 4.68. Found:
C 64.17, H 4.29, N 4.70.

4.2.8. 2'-Hydroxy-6'-methoxy-3-nitrochalcone (3i). Mp
137.0-138.6 °C (recrystallised from ethyl acetate). 'H
NMR: & 3.74 (s, 3H, OCH3), 6.55 (d, 1H, H-3, J=
8.3 Hz), 6.58 (d, 1H, H-5, J=8.3 Hz), 7.27 (t, 1H, H-4,
J=8.3 Hz), 7.34 (d, 1H, H-a, J=16.1 Hz), 7.48 (d, 1H, H-B,
J=16.1 Hz), 7.69 (t, 1H, H-5, /=8.0 Hz), 8.19 (d, 1H, H-6,

J=8.0 Hz), 8.23 (dd, 1H, H-4, /=1.8, 8.0 Hz), 8.51 (t, 1H,
H-2, J=1.8 Hz), 10.42 (s, 1H, 2'-OH). '3C NMR: & 55.9
(OCH3), 102.4 (C-5"), 109.1 (C-3"), 115.7 (C-1"), 123.3
(C-2), 124.7 (C-4), 130.5 (C-5), 131.0 (C-av), 132.2 (C-4"),
134.3 (C-6), 136.4 (C-1), 140.9 (C-B), 148.4 (C-3), 157.0
(C-2"), 1583 (C-6'), 194.0 (C=O0). EI-MS: mi/z (rel.
intensity) 299 (M1, 55), 298 (39), 282 (7), 252 (6), 224
(5), 210 (3), 177 (100), 162 (7), 151 (33), 136 (8), 107 (9),
102 (11). IR » 1635, 1583, 1529, 1475, 1436, 1353, 1238,
1209, 1087 cm™~'. Anal. caled for C;¢H;3NOs: C 64.21, H
4.35, N 4.68. Found: C 64.13, H 4.39, N 4.61.

4.2.9. 2'-Hydroxy-6-methoxy-4-nitrochalcone (3j). Mp
160.3-161.0 °C (recrystallised from acetone:ethanol). 'H
NMR: 6 3.75 (s, 3H, OCH3), 6.55 (d, 1H, H-3', J=8.3 Hz),
6.59 (d, 1H, H-5', J=8.3 Hz), 7.28 (t, 1H, H-4, J=8.3 Hz),
735 (d, 1H, H-o, J=162Hz), 745 (d, 1H, H-B,
J=16.2 Hz), 8.00 (d, 2H, H-2,6, J/=8.7 Hz), 8.23 (d, 2H,
H-3.,5, J=8.7 Hz), 10.41 (s, 1H, 2'-OH). '3C NMR: § 55.8
(OCHj3), 102.4 (C-5), 109.0 (C-3"), 115.5 (C-1"), 124.0
(C-3.,5), 129.6 (C-2,6), 132.0 (C-a0), 132.2 (C-4"), 140.3
(C-B), 141.0 (C-1), 148.0 (C-4), 157.1 (C-2)), 158.2 (C-6"),
194.0 (C==0). EI-MS: m/z (rel. intensity) 299 (M*", 70), 298
(56), 282 (7),252 (9), 177 (100), 162 (6) 151 (40), 136 (10),
130 (5), 122 (7), 107 (8), 102 (12). IR v 1633, 1581, 1515,
1440, 1344, 1226, 1133 cm ™ !. Anal. calcd for C;¢H;3NOs:
C 64.21, H 4.35, N 4.68. Found: C 64.22, H 4.33, N 4.77.

4.2.10. 2'-Hydroxy-4',6'-dimethoxy-2-nitrochalcone (3k).
Mp 173.0-173.9 °C (recrystallised from acetone:ethanol).
'"HNMR: 63.86 (s, 3H, OCHs), 3.90 (s, 3H, OCH>), 6.16 (d,
1H, H-3/, J=2.2 Hz), 6.18 (d, 1H, H-5, J=2.2 Hz), 7.66—
7.72 (m, 1H, H-4), 7.69 (d, 1H, H-a,, /=15.6 Hz), 7.81 (d,
1H, H-5, /=7.5 Hz), 7.87 (d, 1H, H-B, J/=15.6 Hz), 7.95 (d,
1H, H-6, J=7.5Hz), 8.10 (dt, 1H, H-3, J=0.9, 8.1 Hz),
13.15 (s, 1H, 2-OH). '3C NMR: 8§ 55.9 (OCH,), 56.4
(OCH3), 91.3 (C-5'), 94.0 (C-3'), 106.3 (C-1), 124.9 (C-3),
129.3 (C-6), 130.0 (C-1), 131.0 (C-4), 131.8 (C-a), 134.1
(C-5), 136.6 (C-B), 148.7 (C-2), 162.1 (C-6'), 165.5 (C-2),
166.0 (C-4), 191.9 (C=0). EI-MS: m/z (rel. intensity) 329
(M, 11),312(27), 282 (24), 253 (3), 207 (9), 194 (19), 181
(100), 166 (5), 138 (8), 102 (4), 95 (7), 69 (6). IR v 1631,
1581, 1531, 1438, 1347, 1270, 1155 cm™!. Anal. caled for
C7H;sNOg: C 62.01, H 4.56, N 4.26. Found: C 62.32, H
4.56, N 4.19.

4.2.11. 2'-Hydroxy-4',6'-dimethoxy-3-nitrochalcone (3I).
Mp 169.1-170.0 °C (recrystallised from ethyl acetate). 'H
NMR: 6 3.82 (s, 3H, OCH3), 3.89 (s, 3H, OCH3), 6.14 (d,
IH, H-3/, J=2.1 Hz), 6.16 (d, 1H, H-5', J=2.1 Hz), 7.71 (4,
1H, H-B, J/=15.6 Hz), 7.73 (t, 1H, H-5, /=8.0 Hz), 7.85 (d,
1H, H-a, J=15.6 Hz), 8.20 (d, 1H, H-6, /=8.0 Hz), 8.25
(dd, 1H, H-4, J=1.5, 8.0 Hz), 8.51 (br s, 1H, H-2), 13.22 (s,
1H, 2-OH). '3C NMR: § 55.7 (OCH3), 56.0 (OCHj3), 91.2
(C-5"), 94.0 (C-3), 106.4 (C-1"), 123.1 (C-2), 124.5 (C-4),
130.4 (C-a), 130.6 (C-5), 134.0 (C-6), 136.8 (C-1), 139.3
(C-B), 148.4 (C-3), 162.0 (C-6'), 165.4 (C-2'), 165.9 (C-4"),
192.1 (C=0). EI-MS: m/z (rel. intensity) 329 (M*", 61), 328
(39), 312 (13), 301 (15), 282 (5), 254 (9), 207 (100), 181
(46), 166 (7), 138 (8), 102 (10), 95 (6), 69 (7). IR v 1635,
1581, 1531, 1438, 1347, 1270, 1218, 1159 cm™~!. Anal.
calcd for C7H5NOg: C 62.01, H 4.56, N 4.26. Found: C
62.18, H 4.51, N 4.13.



6520 A. L. R. N. A. Barros et al. / Tetrahedron 60 (2004) 6513-6521

4.2.12. 2/-Hydroxy-4',6'-dimethoxy-4-nitrochalcone
(3m). Mp 235.0-236.4 °C (recrystallised from acetone:
ethanol). '"H NMR: & 3.84 (s, 3H, OCH;), 3.91 (s, 3H,
OCH;), 6.17 (d, 1H, H-3', J=1.9 Hz), 6.19 (d, 1H, H-5,
J=1.9 Hz),7.59 (d, 1H, H-B, J=15.7 Hz), 7.70 (d, 1H, H-«,
J=15.7 Hz), 8.02 (d, 2H, H-2,6, J/=8.6 Hz), 8.29 (d, 2H,
H-3,5, /=8.6 Hz), 13.21 (s, 1H, 2-OH). '3C NMR: & 55.8
(OCHj), 56.4 (OCH3), 91.3 (C-5"), 93.9 (C-3'), 106.4 (C-1"),
124.1 (C-3,5), 129.5 (C-2,6), 131.7 (C-a), 139.0 (C-B),
141.4 (C-1), 148.0 (C-4), 162.0 (C-6), 165.4 (C-2'), 166.0
(C-4"), 192.0 (C=0). EI-MS: m/z (rel. intensity) 329 (M*",
69), 328 (32), 312 (8), 301 (20), 282 (5), 255 (3), 207 (100),
181 (53), 166 (9), 125 (10), 97 (21), 71 (25), 57 (35). IR v
1639, 1583, 1519, 1438, 1342, 1216, 1160 cm™'. Anal.
calcd for C17H5sNOg¢: C 62.01, H 4.56, N 4.26. Found: C
62.23, H 4.49, N 4.31.

4.2.13. 4-Methoxy-2'-nitroaurone (4h). Mp 194.0—
195.0 °C (recrystallised from ethanol). "H NMR: & 3.95 (s,
3H, OCH>), 6.87 (d, 1H, H-5, J=8.3 Hz), 6.97 (d, 1H, H-7,
J=8.3 Hz), 7.00 (s, 1H, H-a), 7.67 (t, 1H, H-4', J=7.9 Hz),
7.72 (t, 1H, H-6, J/=8.3 Hz), 7.85 (t, 1H, H-5, J=7.9 Hz),
8.10 (d, 1H, H-3/, /=7.9 Hz), 8.19 (d, 1H, H-6', J=7.9 Hz).
13C NMR: § 56.2 (OCHj3), 104.0 (C-ar), 104.4 (C-7), 106.7
(C-5), 109.4 (C-9), 124.8 (C-3'), 125.9 (C-1"), 130.1 (C-4"),
131.9 (C-6'), 133.3 (C-5'), 139.7 (C-6), 147.7 (C-2), 148.7
(C-2"), 158.2 (C-8), 166.3 (C-4), 180.4 (C=0). EI-MS: m/z
(rel. intensity) 297 (M™*", 7), 280 (22), 267 (25), 251 (71),
236 (100), 221 (13), 208 (47), 180 (47), 165 (48). IR v 1708,
1656, 1602, 1519, 1496, 1347, 1251, 1193, 1074, 794 cm ™.
Anal. calcd for C;¢H;NOs: C 64.65,H 3.70, N 4.71. Found:
C 64.45, H 3.67, N 4.62.

4.2.14. 4-Methoxy-4'-nitroaurone (4j). Mp 201.5-
202.3 °C (recrystallised from ethanol). 'H NMR: & 3.95 (s,
3H, OCH5), 6.89 (s, 1H, H-a), 7.04 (d, 1H, H-7, J=8.1 Hz),
7.74 (t, 1H, H-6, J=8.1 Hz), 7.88 (d, 1H, H-5, J=8.1 Hz),
8.16 (d, 2H, H-2',6¢/, J=8.8Hz), 8.28 (d, 2H, H-3.5,
J=8.8 Hz). 3C NMR: § 56.1 (OCHj), 104.4 (C-7), 106.7
(C-5), 107.4 (C-a), 109.3 (C-9), 123.6 (C-3',5), 131.5
(C-2,6"), 138.5 (C-1"), 139.5 (C-6), 146.9 (C-4'), 147.8
(C-2), 158.1 (C-8), 166.2 (C-4), 180.5 (C=0). EI-MS: m/z
(rel. intensity) 297 (M™, 100), 298 (14), 280 (3), 268 (17),
236 (8), 221 (28), 165 (15), 139 (4), 107 (9), 89 (16), 76
(26), 63 (21). IR v 1704, 1654, 1604, 1494, 1336, 1255,
1078, 796 cm™!. Anal. calcd for C;¢H;;NOs: C 64.65, H
3.70, N 4.71. Found: C 64.46, H 3.66, N 4.71.

4.2.15. 4,6-Dimethoxy-2'-nitroaurone (4k). Mp 221.7—
222.0 °C (recrystallised from ethanol). 'H NMR: & 3.93 (s,
6H, OCH>), 6.40 (d, 1H, H-5, J=1.5 Hz), 6.68 (d, 1H, H-7,
J=1.5Hz), 6.95 (s, 1H, H-a), 7.68 (t, 1H, H-4, /=7.8 Hz),
7.86 (t, 1H, H-5, J=7.8 Hz), 8.13 (d, 1H, H-3', J/=7.8 Hz),
8.19 (d, 1H, H-6/, /=7.8 Hz). '3C NMR: & 56.4 (OCH,),
56.6 (OCH3), 90.2 (C-7), 94.7 (C-5), 103.4 (C-a), 103.8
(C-9), 124.4 (C-3"), 126.3 (C-1"), 130.1 (C-4"), 132.0 (C-6)),
133.6 (C-5"), 148.7 (C-2"), 148.9 (C-2), 159.7 (C-4), 169.1
(C-8), 169.6 (C-6), 180.1 (C=0). EI-MS: m/z (rel.
intensity) 327 (M*, 52), 310 (21), 297 (22), 281 (100),
266 (25), 237 (31), 223 (40), 208 (20), 195 (51). IR v 1704,
1621, 1594, 1517, 1481, 1346, 1247, 1224, 1160, 1097,
825 cm ™ !. Anal. calced for C7H3NOg: C 62.39, H 3.98, N
4.28. Found: C 62.47, H 3.99, N 4.38.

4.2.16. 4,6-Dimethoxy-4'-nitroaurone (4m). Mp 266.7—
261.9 °C (recrystallised from ethanol). 'H NMR: § 3.95
(s, 3H, OCHs3), 3.98 (s, 3H, OCH3), 6.17 (d, 1H, H-5,
J=1.7Hz), 6.43 (d, 1H, H-7, J=1.7 Hz), 6.75 (s, 1H, H-a),
7.99 (d, 2H, H-2,6/, J=8.8 Hz), 8.26 (d, 2H, H-3',5,
J=8.8 Hz). '3C NMR: § 56.3 (OCH3), 56.4 (OCH3), 89.6
(C-7), 94.4 (C-5), 104.7 (C-9), 107.3 (C-av), 123.9 (C-3',5'),
131.4 (C-2,6'), 139.1 (C-1"), 147.3 (C-4), 149.6 (C-2),
159.7 (C-4), 169.1 (C-8), 169.6 (C-6), 180.1 (C=0).
EI-MS: m/z (rel. intensity) 327 (M1, 100), 326 (25), 310
(7), 298 (38), 251 (16), 180 (8), 137 (9), 106 (12), 85 (11),
69 (20), 57 (22). IR v 1695, 1664, 1617, 1585, 1506, 1421,
1338, 1157, 1089, 827 cm™!. Anal. calcd for C;7H;3NOg: C
62.39, H 3.98, N 4.28. Found: C 62.39, H 4.00, N 4.46.

4.2.17. 4-Nitrobenzyl alcohol. 'H NMR: & 4.84 (s, 2H,
CH,), 7.54 (d, 2H, H-2,6, J=8.7 Hz), 8.22 (d, 2H, H-3,5,
J=8.7 Hz). EI-MS: m/z (rel. intensity) 153 (M™, 54), 137
(100), 120 (45), 92 69), 83 (11), 71 (27), 57 (37).

Acknowledgements

Thanks are due to the University of Aveiro, ‘Fundagao para a
Ciéncia e Tecnologia‘ and FEDER for funding the Organic
Chemistry Research Unit (62/94). Financial support from
the University of Tras-os-Montes e Alto Douro is gratefully
acknowledged. This work has been partially supported by
the DGI of the Project Nos. BQU2003-01251.

References and notes

1. Dhar, D. N. The Chemistry of Chalcones and Related
Compounds; Wiley: New York, 1981.

2. Kirkiacharian, S.; El Mamoun, A. Eur. J. Med. Chem. 1991,
26, 109-112.

3. Lewis, D. A. Chem. Br. 1992, 141-144.

4. Parmar, V. S.; Bisht, K. S.; Jain, R.; Singh, S.; Sharma, K. S.;
Gupta, S.; Malhotra, S.; Tyagi, O. D.; Vardhan, A.; Pati, H. N.;
Berghe, D. V.; Vlietinck, A. Indian J. Chem. 1996, 35B,
220-232.

5. Bois, F.; Beney, C.; Boumendjel, A.; Mariotte, A.-M.;
Conseil, G.; Pietro, A. Di J. Med. Chem. 1998, 41,
4161-4164.

6. Dimmock, J. R.; Kandepu, N. M.; Hetherigton, M.; Quail,
J. W.; Pugazhenthi, U.; Sudom, A. M.; Chamankhah, M.;
Rose, P.; Pass, E.; Allen, T. M.; Halleran, S.; Szydlowski, J.;
Mutus, B.; Tannous, M.; Manavathu, E. K.; Myers, T. G.; De
Clercq, E.; Balzarini, J. J. Med. Chem. 1998, 41, 1014—1026.

7. Arty, I. S.; Timmerman, H.; Samhoedi, M.; Sastrohamidjojo;
Sugiyanto; van der Goot, H. Eur. J. Med. Chem. 2000, 35,
449-457.

8. Wu, X.; Wilairat, P.; Go, M. L. Bioorg. Med. Chem. 2002, 12,
2299-2302.

9. Liu, M.; Wilairat, P.; Croft, S. L.; Tan, A. L.-C.; Go, M.-L.
Bioorg. Med. Chem. 2003, 11, 2729-2738.

10. Dimmock, J. R.; Jha, A.; Zello, G. A.; Allen, T. M.; Santos,
C. L.; Balzarini, J.; De Clercq, E.; Manavathu, E. K.; Stables,
J. P. Pharmazie 2003, 58, 227-232.

11. Kumar, A.; Katiyar, S. B.; Agarwal, A.; Chauhan, P. M. S.
Curr. Med. Chem. 2003, 10, 1137—-1150.



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

A. L. R. N. A. Barros et al. / Tetrahedron 60 (2004) 6513-6521

Viana, G. S. B.; Bandeira, M. A. M.; Matos, F. J. A. Phytomed
2003, /0, 189-195.

De la Rocha, N.; Maria, A. O. M.; Gianello, J. C.; Pelzer, L.
Pharmacol. Res. 2003, 48, 97-99.

Vibhute, Y. B.; Baseer, M. A. Indian J. Chem. 2003, 42B,
202-205.

Ko, H. H.; Tsao, L. T.; Yu, K. L.; Liu, C. T.; Wang, J. P.; Lin,
C. N. Bioorg. Med. Chem. 2003, 11, 105—-111.

Grayer, R. J. Methods in Plant Biochemistry; Dey, P. M.,
Harborne, J. B., Eds.; Academic: London, 1989; Vol. 1, pp
283-323.

Bohm, B. A. Methods in Plant Biochemistry; Dey, P. M.,
Harborne, J. B., Eds.; Academic: London, 1989; Vol. 1, pp
237-282.

Bohm, B. A. In The Flavonoids—Advances in Research Since
1986; Harborne, J. B., Ed.; Chapman and Hall: London, 1994;
pp 387-440.

Bors, W.; Heller, W.; Michel, C.; Stettmaier, K. In Handbook
of Antioxidants; Cadenas, E., Packer, L., Eds.; Marcel Dekker:
New York, 1996; pp 409-466.

Rice-Evans, C. A.; Miller, N. J.; Paganga, G. Free Rad. Biol.
Med. 1996, 20, 933-956.

Harborne, J. B.; Williams, C. A. Phytochemistry 2002, 55,
481-504.

Silva, A. M. S.; Silva, A. M. G.; Tomé, A. C.; Cavaleiro, J. A.
S.; Eur. J. Org. Chem. 1999, 135-139.

de la Torre, M. D. L.; Tomé, A. C.; Silva, A. M. S.; Cavaleiro,
J. A. S. Tetrahedron Lett. 2002, 43, 4617-4620.

Pinto, D. C. G. A; Silva, A. M. S.; Cavaleiro, J. A. S.; Elguero,
J.; Eur. J. Org. Chem. 2003, 747-755.

Cunningham, B. D.; Threadgill, M. D.; Groundwater, P. W.;
Dale, 1. L.; Hickman, J. A. Anticancer Drug Des. 1992, 7,
365-384.

Cushman, M.; Zhu, H.; Geahlen, R. L.; Kraker, A. J. J. Med.
Chem. 1994, 37, 3353-3362.

Marder, M.; Viola, H.; Wasowski, C.; Wolfman, C.;
Waterman, P. G.; Medina, J. H.; Paladini, A. C. Bioorg.
Med. Chem. 1995, 5, 2717-2720.

Viola, H.; Marder, M.; Wolfman, C.; Wasowski, C.; Medina,
J. H.; Paladini, A. C. Bioorg. Med. Chem. 1997, 7, 373-378.
Akama, T.; Ishida, H.; Shida, Y.; Kimura, U.; Gomi, K.; Saito,
H.; Fuse, E.; Kobayashi, S.; Yoda, N.; Kasai, M. J. Med.
Chem. 1997, 40, 1894—1900.

Dauzonne, D.; Folléas, B.; Martinez, L.; Chabot, G. G. Eur.
J. Med. Chem. 1997, 32, 71-82.

Beudot, C.; Méo, M. P.; Dauzonne, D.; Elias, R.; Laget, M.;
Guiraud, H.; Balansard, G.; Duménil, G. Mutation Res. 1998,
417, 141-153.

Akama, T.; Ishida, H.; Kimura, U.; Gomi, K.; Saito, H. J. Med.
Chem. 1998, 41, 2056-2067.

Constantino, P. A.; Horacio, H.J. U.S. Patent US6080780,
2000.

Wagner, H.; Karkas, L. In The Flavonoids; Harborne, J. B.,
Mabry, T. J., Mabry, H., Eds.; Chapman and Hall: London,
1975; pp 127-213.

35.

36.

37.
38.

39.

40.

41.

42.

43.

44.

45.
46.

47.

48.

49.

50.
51.
52.

6521

Whitelaw, M. L.; Daniel, J. R. J. Agric. Food Chem. 1991, 39,
44-51.

Silva, A. M. S.; Tavares, H. R.; Barros, A. I. N. R. A
Cavaleiro, J. A. S. Spectrosc. Lett. 1997, 30, 1655—-1667.
Dhar, D. N. J. Org. Chem. 1960, 25, 1247—1249.

Sohar, P.; SzE11, T.; Dudas, T. Acta Chim. Acad. Scient. Hung.
1971, 70, 355-368.

Varma, R. S.; Varma, M. Monatsh. Chem. 1982, 113,
1469-1474.

Alcantara, A. R.; Marinas, J. M.; Sinisterra, J. V. Tetrahedron
Lett. 1987, 28, 1515-1518.

Barros, A. I. R. N. A.; Silva, A. M. S. Tetrahedron Lett. 2003,
44, 5893-5896.

Garcia-Viloca, M.; Gonzalez-Lafont, A.; Lluch, J. M. Org.
Lett. 2001, 3, 589-592.

Aurones are a class of secondary metabolites natural
compounds belonging to the flavonoid family widely present
in fruits and flowers where they play an important role in the
pigmentation of the part of plant in which they occur, but they
have also been described as phytoalexins. There are several
reports on the biological activities of aurones, but the most
important ones and centred in the cancer area. Recent
advances in the synthesis and therapeutical potential of
aurones have been reported in the review: Boumendjel, A.
Curr. Med. Chem. 2003, 10, 2621-2630.

Thakkar, K.; Cushman, M. J. Org. Chem. 1995, 60,
6499-6510.

Becke, A. D. J. Chem. Phys. 1993, 98, 5648—-5652.

Lee, C.; Yang, W.; Parr, R. G. Phys. Rev. B 1988, 37,
785-789.

Hariharan, P. A.; Pople, J. A. Theor. Chim. Acta 1973, 28,
213-222.

Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.;
Robb, M. A.; Cheeseman, J. R.; Zakrzewski, V. G.; Mon-
tgomery, J. A.; Stratmann, R. E.; Burant, J. C; Dapprich, S.;
Millam, J. M.; Daniels, A. D.; Kudin, K. N.; Strain, M. C.;
Farkas, O.; Tomasi, J.; Barone, V.; Cossi, M.; Cammi, R.;
Mennucci, B.; Pomelli, C.; Adamo, C.; Clifford, S.; Ochterski,
J.; Petersson, G. A.; Ayala, P. Y.; Cui, Q.; Morokuma, K.;
Malick, D. K.; Rabuck, A. D.; Raghavachari, K.; Foresman,
J. B.; Cioslowski, J.; Ortiz, J. V.; Stefanov, B. B.; Liu, G.;
Liashenko, A.; Piskorz, P.; Komaromi, I.; Gomperts, R.;
Martin, R. L.; Fox, D. J.; Keith, T.; Al-Laham, M. A.; Peng,
C. Y.; Nanayakkara, A.; Gonzalez, C.; Challacombe, M.; Gill,
P.M. W.; Johnson, B. G.; Chen, W.; Wong, M. W.; Andres,
J. L.; Head-Gordon, M.; Replogle, E. S.; Pople, J.A.
Gaussian98 Gaussian, Inc., Pittsburgh, PA, 1998.

Frisch, M. J.; Pople, J. A.; Krishnam, R.; Binkley, J. S.
J. Chem. Phys. 1984, 80, 3265-3269.

Ditchfield, R. Mol. Phys. 1974, 27, 789-807.

London, F. J. Phys. Radium 1937, 8, 397-4009.

Keiichiro, M. Nippon Kaga Ku Zasshi 1959, 80, 61—64, Chem.
Abstr. 1961, 55, 4490h.



	Synthesis, experimental and theoretical NMR study of 2&prime;&hyphen;hydroxychalcones bearing a nitro substituent on their B ri
	Introduction
	Results and discussion

	Empirical analysis of &xref rid=
	Theoretical analysis of &xref rid=
	Computational details
	Experimental

	Synthesis of 2&prime;&hyphen;hydroxychalcone (&extlink link=
	Synthesis of 2&prime;&hyphen;hydroxynitrochalcones &extlink link=
	Acknowledgements
	References


