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remains of increasing therapeutic interest. The variability of biological activities of δ-lactones prompted us to
synthesize a series of ketolactones like 3a-e, Figure 1.
In this work we focused our attention to evaluate their
possible analgesic effects in mice by performing antinociceptive tests which comprise a set of pharmacological assays related to analgesic activity.

ABSTRACT PURPOSE. A series of δ-valerolactones
has been synthesized in good yields, by reaction of
ethyl acetoacetate with several aldehydes in presence of
LDA. METHODS AND RESULTS. The in vivo
analgesic activity of these compounds has been evaluated. The results indicate that the lactones synthesized
showed an important antinociceptive effect at 10 mg/
kg, administered intraperitoneally in mice, which significantly inhibited the abdominal constrictions
induced by acetic acid when compared to acetylsalicylic acid and acetaminophen in the same dose, and
increased significantly the thermal sensibility at the
hot-plate method, although they were less effective
than morphine in the same assay. CONCLUSIONS.
The antinociceptive models employed here reveal a
potential analgesic effect of the δ-valerolactones synthesized. Further investigations are needed to discern
which mechanism of action is concern.
INTRODUCTION
Lactones are an important class of compounds with a
wide range of biological activity. Some pharmacological activities have been reported for lactones are: inhibitors of cholesterol biosynthesis (1), antifungal (2),
antiviral and protease inhibitors (3), treatment of anxiety (4) and some of them have been produced antinociception in vivo in several nociceptive tests (5), and antiinflammatory activity (5,6). In addition, lactones can
serve as a building-block for combinatorial synthesis
(7, 8). For these reasons, the synthesis of lactones

Figure 1: δ-valerolactones synthesised in this work.

RESULTS AND DISCUSSION
CHEMISTRY
Several routes are known for the preparation of different δ-lactones (9-12). One of the simplest methods for
the synthesis of the title compounds is to use βketoesters in alkaline medium in order to generate the
dienolate for further aldol reaction with aldehydes.
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This protocol was published by Reffstrup and Boll in
1976 (11), and it is efficient for fast studies of structureactivity relationship (SAR) of δ-valerolactones because
it is a one-pot method and the yield and purity of products are both high.

The lactones were efficiently prepared by addition of a
more nucleophylic anion derived from ethyl acetoacetate 1 into aldehyde 2.
The NMR spectra (see experimental), with DMSO-d6
as solvent, of compounds 3a, 3b, and 3c have shown
characteristic resonance signals corresponding to the
enol form, caused by the hydrogen bond from DMSOd6 and 4-hydroxy group. The 1H NMR spectra of
these compounds present a singlet between δ 4.50 ppm
and δ 5.11 ppm assigned to vinylic hydrogen H-3. In
addition, the 13C NMR spectra of 3a-c present the signal at δ 91.0 ppm attributed to sp2 carbon C-3 and
other at δ 173 ppm corresponding to quaternary C-4.
On the other hand, when the solvent is CDCl3 in 13C
NMR spectra lactones 3d and 3e present the signal at δ
200 ppm and at δ 201 ppm respectively, attributed to
oxo group. These assignments are in accordance with
the lactone ring obtained and with the literature (1112). Furthermore, a doublet was observed at δ 162 ppm
in a 13C NMR spectrum from lactone 3c, corresponding to an aromatic C-F coupling, with a J1CF= 244 Hz.
The FT IR spectra of these lactones showed the
absorption bands for carbonyl groups from 6-member
lactones and ketones.

The compounds of interest 3a-e were obtained using
ethyl acetoacetate 1 as starting material in reaction
with different aldehydes (2a-h) in aprotic enolate production condition, in an improvement of the method
described by Reffstrup and Boll (11), as seen in Scheme
1.

Scheme 1.

In this work, we prepared a series of 4-oxo δ-valerolactones 3a-3e in the one-pot reaction. According the
medium employed these lactones can present the enol
form. As we can observe in Table 1, the reactions with
cinnamaldehyde (2a), benzaldehyde (2b), 4-fluorobenzaldehyde (2c), isobutyraldehyde (2d) and, isovaleraldehyde (2e) lead to the corresponding δ-valerolactones
with good yields. On the other hand, with less activated aldehydes like 4-hydroxybenzaldehyde (2f) and
piperonal (2g), the reactions, in the used conditions
(THF/0°C/20 min), yielded unchanged starting material. The same results were obtained with 4-nitrobenzaldehyde (2h).

PHARMACOLOGICAL ACTIVITY
In order to select the more active compound, a preliminary trial was necessary. For this purpose, the compounds 3a, 3b, 3c and 3d were tested for their
antinociceptive effect using the abdominal constrictions induced by acetic acid essay, administered intraperitoneally in Swiss mice at 10 mg/Kg, as reported
previously (13-15) and as outlined in Table 2.
According the results, all compounds tested, 3a, 3b, 3c
and 3d inhibited significantly the abdominal constrictions induced by acetic acid, causing inhibitions of
69.1%, 90.4%, 96.1% and 64.8%, respectively. The
drugs used as reference, acetylsalicylic acid and acetaminophen, showed less inhibition at same dose, 35%
and 38%, respectively.

Table 1: Results from the reactions with aldehydes 2.

The compounds 3b and 3c caused the most pronounced effect and were analyzed in detail by the same
experimental model and by other chemical and thermal nociceptive assays. The aromatic ring bounded
directly to C6 of the lactone cycle seems to be respon70
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sible for the effect observed on compounds 3b and 3c,
when compared with the results obtained by the analogues 3a and 3d. Moreover, the only structural difference existing among the compounds 3b and 3c is the
presence of a fluorine atom at para-position of the phenyl ring in 3c, which presented the best activity, suggesting that the electronegativity (inductive effect) and
the hydrophobic character of this halogen displayed an
important role for the effect observed by intraperitoneal route.

In addition, the potency of the compounds 3b and 3c
in the writhing test (Table 3) exhibited a profile dosedependent, presenting calculated ID50 values (in a 95%
of confidence limit) of 40.8 (30.5 – 54.4) μmol/Kg and
30.8 (24.0 – 39.5) mmol/Kg, indicating that these compounds were ca of three to four times more active than
acetylsalicylic acid and acetaminophen in the writhing
assay.
Table 3: Comparison of analgesic effect between
compound 3b and 3c and acetylsalicylic acid and
acetaminophen, used as reference drugs.

Table 2: Analgesic effect of δ-valerolactones synthesized
and of reference drugs in an acetic acid-induced
abdominal constriction essay in Swiss mice at 10 mg/kg,
administered intraperitoneally.

The selected compounds 3b and 3c were also analyzed
in the formalin-induced pain test, a reported behaviour
model characterized by neurogenic (first phase) and
inflammatory (second phase) phases (16) (Table 3). The
results revealed that both, the δ-valerolactones studied
and acetyl salicylic acid were inactive in preventing the
first phase of the formalin-induced (neurogenic pain).
However, 3b and 3c inhibited the inflammatory pain,
14.9% and 29.73% respectively, although both were
less active that the reference drug in this second phase
(Table 3). In addition, this experimental model permitted to evidenciate that the studied compounds do not
reduce the paw oedema induced by this algic agent
(results not shown).

Administrated orally at 50 mg/kg, the compounds 3b
and 3c reduced in 38.9% and 35.6%, respectively, the
number of abdominal constrictions induced by acetic
acid, suggesting that they can not be well absorbed by
the gastrointestinal tract (Figure 2).

The capsaicin test in mice has been employed to access
the antinociceptive effect of tachykinin neurokinin-1
receptor antagonist, glutamate receptor antagonist,
nitric oxide (NO) synthase inhibitor, and morphine
(17). The δ-valerolactones 3b and 3c were tested intraperitoneally in mice, at 10 mg/Kg. The results of this
test indicated that these compounds are ineffective on
neurogenic pain, according the before observed, in the
first phase of the formalin test (results not shown).
In the model of thermal sensibility, the compounds 3b
and 3c, administrated i.p., compared with control
group, delayed the reaction time on the hot plate.
Thus, the mean reaction time ± S.E.M. was 8.9 ± 2.0 s
in the control group, and this increased significantly to
19 ± 2.0 and 17 ± 1.0 s in those treated with 3b and 3c,

Figure 2: Effect on acetic acid-induced pain in mice test
of compounds 3b and 3c, administrated orally at 50 mg/
kg by. Each group represents the mean of six
experiments. ** p < 0.01, compared with corresponding
control value.
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respectively. The δ-valerolactones studied demonstrated to be effective in the hot-plate assay of nociception, suggesting to be related to the activation of opioid
receptors, although they were less active than the morphine in the same assay (Figure 3). However, further
studies are required to elucidate which mechanism of
action is involved.

the plates Kieselgel 60 F254 of Merck, using ethyl acetate and cyclohexane (1:1) as mobile phase. The melting points were determined using a Koefler apparatus
and are uncorrected. Ethyl acetoacetate and other
reagents were obtained from commercial sources. All
solvents were distilled prior use.
PREPARATION OF COMPOUNDS 3a-e
GENERAL PROCEDURE
Dried THF was bobbled with argon and cooled until
0oC. Diisopropylamine (0.5 mL, 4.2 mmol) and nbuthyllitium were added under stirring and the mixture was left at 0°C for 45 minutes. The ethyl acetoacetate (0.2 mL, 1.5 mmol) was added drop wise for
approximately 20 minutes. The dianion formation was
observed by colour change of the reactional mixture.
After that, the corresponding aldehyde (0.75 mmol)
was added drop wise and the reaction stirred for 20
minutes, than cold water was added (25 mL) and the
mixture was left to stand at room temperature for 3
hours. The crude mixture was extracted with Et2O (3 x
6 mL) and the aqueous layer acidified with hydrochloric acid (pH = 1) under ice bath. The solid thus
obtained was filtered off, washed with water and Et2O
to give 3a-3e; their yields and some physical constants
are shown in Table 1.

Figure 3: Effect of the compounds 3b and 3c (10 mg/Kg,
i.p.) and morphine (13.3 μmol/Kg, s.c.) against hot plateinduced antinociception in mice. Each group represents
the mean of six experiments. ** p < 0.01, compared with
corresponding control value.

In summary, our results indicate that the studied δvalerolactones present an interesting profile of analgesic action. These compounds were more potent than
some clinically used drugs against writhing test. The
elucidation of the mechanism of action needs additional studies, because the analgesic action of the studied compounds can be related to a peripheric action
and/or to a neurogenic pain. Further studies should
been necessary to elucidate the molecular events and
pathway involved in pain process.

4-oxo-6-(α-trans-styryl)-5,6-dihydro-2-pyrone (3a): FTIR, KBr pellets: 1699 cm-1, 1208 cm-1; 1H NMR
(DMSO-d6, ppm, 300 MHz): 2.57 (m, 2H, C-5H2); 5.04
(m, 2H, C-3H, C-6H); 6.42 (dd, 1H, C-7H, 2J7a-7b =
16.0 Hz, 3J7a-6 = 6.2 Hz); 6.73 (d, 1H, C-8H, 2J7a-7b =
16.0 Hz); 7.25-7.51 (m, 5H, aromatic-H); 13C NMR
(DMSO-d6, ppm 75 MHz): 33 (C-5), 75 (C-6), 91 (C-3),
127, 128 and 129 (C-2’, C-3’, C-4’, C-5’ and C-6’), 127
(C-7), 132 (C-8), 136 (C-1’), 167 (C-2), 173 (C-4).

EXPERIMENTAL
CHEMICAL PROCEDURES

4-oxo-6-(phenyl)-5,6-dihydro-2-pyrone (3b): FT-IR,
KBr pellets (cm-1): 1600, 1581, 1287; 1H NMR (DMSOd6, ppm, 300 MHz): 2.7 (m, 2H, C-5H2); 5.11 (s, 1H,
C-3H); 5.45 (m, 1H, C-6H); 7.38-7.44 (m, 5H, aromatic-H); 13C NMR (DMSO-d6, ppm 75 MHz): 34 (C5), 76 (C-6), 91 (C-3), 126, 128.3 and 128.5 (C-2’, C-3’,
C-4’, C-5’ and C-6’), 139 (C-1’), 167 (C-2), 173 (C-4).

All IR spectra were recorded on a Shimadzu DR 8001
FTIR Spectrophotometer in transmittance mode, with
4 cm-1 resolution and with 40 accumulations (λ max in
cm-1). The KBr pellets were prepared on a quartz mortar with about 1% of sample. The 1H-NMR and 13C
NMR spectra were recorded using a Varian XL-200 at
200 MHz and 50 MHz, respectively. Chemical shifts
are reported as δ values (ppm) relative to TMS (0.0
ppm). The correlation study HETCOR 1H-13C and
APT has also been performed. TLC was performed on

4-oxo-6-(4-fluorobenzene)-5,6-dihydro-2-pyrone (3c):
FT-IR, KBr pellets (cm-1): 1600, 1581, 1208; 1H NMR
(DMSO-d6, ppm, 300 MHz): 2.67 (m, 2H, C-5H2);
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WRITHING TEST

5.10 (s, 1H, C-3H); 5.7 (m, 1H, C-6H); 7.2-7.4 (m, 2H,
C-2’H, C-6’H); 7.5-7.6 (m, 2H, C-3’H, C-5’H); 13C
NMR (DMSO-d6, ppm 75 MHz): 34 (C-5), 76 (C-6), 91
(C-3), 115.44 and 115.15 (C-2’ and C-6’), 128.67 and
128.78 (C-3’ and C-5’), 135 (C-1’), 162 (d, C-4, JCF =
244 Hz), 167 (C-2), 173 (C-4).

The abdominal constriction was induced in mice by
intraperitoneal injection of acetic acid (0.6%), as
described by Collier et al. (1968) with minor modifications (19). Animals were pre-treated intraperitoneally
(10 mg kg-1, 30 min before) and orally (50 mg kg-1, 60
min before) with the δ-valerolactones. Control animals
received a similar volume of saline solution (10 ml kg1). The number of abdominal constrictions (full extension of both hind paws) was cumulatively counted
over a period of 20 min. Antinociceptive activity was
expressed as the reduction of the number of abdominal
constrictions between control animals and mice pretreated with δ-valerolactones.

4-oxo-6-(isopropyl)-5,6-dihydro-2-pyrone (3d): FT-IR,
KBr pellets (cm-1): 1732, 1626, 1266; 1H NMR (DMSOd6, ppm, 300 MHz): 0.93 (m, 6H, CH3); 1.86 (m, 1H,
C-7H); 2.35 (m, 2H, C-5H2); 4.07 (m, 1H, C-6H); 4.94
(s, 1H, C-3H); 13C NMR (CDCl3, ppm 75 MHz): 20
(2C, CH3), 32 (C-7), 40 (C-5), 45 (C-3), 80 (C-6), 168 (C2), 200 (C-4).
4-oxo-6-(isobutyl)-5,6-dihydro-2-pyrone (3e): FT-IR,
KBr pellets (cm-1): 1700, 1641, 1217; 1H NMR (DMSOd6, ppm, 300 MHz): 0.85 (m, 6H, CH3); 1.3 (m, 2H, C7H2); 1.7 (m, 1H, C-8H); 2.35 (m, 2H, C-5H2); 3.9 (m,
1H, C-6H); 4.5 (s, 1H, C-3H); 13C NMR (CDCl3, ppm
75 MHz): 17 (1C, CH3), 18 (1C, CH3), 30 (C-7), 32 (C8), 41 (C-5), 47 (C-3), 80 (C-6), 167 (C-2), 201 (C-4).

FORMALIN TEST
The observation chamber was a glass cylinder of 20 cm
diameter with a mirror at a 45. angle to allow clear
observation of the paws of the animals. The mice were
treated with 0.9% saline solution (i.p.), or δ-valerolactones (10 mg kg-1, i.p.) 30 min before formalin injection. Each animal was placed in the chamber for 5 min
before treatment in order to allow acclimatization to
the new environment. The formalin test was carried
out as described by Hunskaar and Hole (1987) with
minor modifications (16). Twenty micro litres of a
2.5% formalin solution (0.92% formaldehyde) in 0,9%
saline solution were injected intraplantarly in the right
hind paw. The animal was then returned to the chamber and the amount of time that it spent licking the
injected paw was considered as indicative of pain. Two
distinct phases of intensive licking activity were identified: an early acute phase and a late or tonic phase (0–5
and 15–30 min after formalin injection, respectively).
At the end of the experiments the animals were sacrificed by cervical dislocation and the paws cut at the
tibio-tarsic joint and weighed on an analytical balance
to investigate the interference of the marrubiin on formalin-induced inflammatory oedema.

PHARMACOLOGICAL ASSAYS
ANIMALS
Male Swiss mice (25 – 35 g), housed at 22 ± 2oC under
a 12 h light/12 h dark cycle and with access to food and
water ad libitum, were used. Experiments were performed during the light phase of the cycle. Animals
were acclimatized to the laboratory for at least 2 h
before testing and were used once throughout the
experiments. All experiments reported in this study
were carried out in accordance with current guidelines
for the care of laboratory animals and ethical guidelines for investigation of experimental pain in conscious animals (18).
DRUGS
The following substances were used: acetic acid, formalin, capsaicin (Calbiochen, San Diego, CA, USA), morphine hydrochloride (Merck, Darmstadt, Germany).
The δ-valerolactones as well as reference drugs were
dissolved in Tween 80 (E. Merck), plus 0,9% of NaCl
solution, with the exception of capsaicin which was
dissolved in ethanol. The final concentration of Tween
80 and ethanol did not exceed 5% and did not cause
any effect ‘per se’.

HOT-PLATE TEST
The hot-plate test was used to measure response latencies. The mice were treated with saline solution, morphine (10 mg kg-1, s.c.) or the δ-valerolactones (10 mg
kg-1, i.p.) placed individually on a hot plate maintained
at 56±1oC and the time between placement of the animal on the hot plate and the occurrence of either the
licking of the hind paws, shaking or jumping off from
73
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the surface was recorded as response latency. Mice
with baseline latencies of more than 20 s were eliminated from the study and the cut-off time for the hotplate latencies was set at 30 s. The animals were treated
30 min before the assay.

[5]

[6]

STATISTICAL ANALYSIS
The results are presented as mean ± S.E.M., except the
ID values (i.e. the dose of marrubiinic acid reducing
the 50 nociceptive response by 50% relative to the control value), which are reported as geometric means
accompanied by their respective 95% confidence limits. The ID value was 50 determined by linear regression from individual experiments using linear
regression GraphPad software (GraphPad software,
San Diego, CA). The statistical significance of differences between groups was detected by ANOVA followed by Dunnett’s multiple comparison tests. Pvalues less than 0.05 (P,0.05) were considered as indicative of significance.
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