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Abstract—3a-Hydroxy-6,19-oxidopregn-4-ene-20-one (4) was prepared in seven steps from pregnanolone acetate. At 0.1 mM con-
centration 4 significantly increased GABA induced 36Cl� influx in hamster cerebral cortex synaptoneurosomes while at 20 mg/kg it
decreased the percentage of hamsters showing seizures induced by 3-mercaptopropionic acid.
# 2002 Elsevier Science Ltd. All rights reserved.

g-Aminobutyric acid (GABA) is the major inhibitory
neurotransmitter in the mammalian central nervous
system (CNS). Modulation of GABAergic levels and
metabolism induce profound physiological and beha-
vioral changes, in particular the inhibition of its synth-
esis or its binding to specific receptors may evoke
seizures in a variety of animal models. The GABAA

receptor is also the site for allosteric modulation by
several compounds such as benzodiazepines, barbitu-
rates and neurosteroids.1 Both neurosteroids (which are
synthesized by neural tissues) and neuroactive steroids
(either synthetic or produced elsewhere, but acting on
neurons or glial cells) have been shown to affect
GABAergic neurotransmission in the brain.2�5 The
major site of neuronal activity appears to be a specific
steroid sensitive site on the GABAA receptor/chloride
ionophore complex.6 Neuroactive steroids can either
antagonize Cl� conductance, e.g., the sulfate ester of
pregnenolone, or potentiate Cl� influx by increasing the
probability that the Cl� channel enters in an open state
of long duration as well as by increasing the frequency
of channel opening.7 These GABAergic positive mod-
ulators form an interesting class of compounds with
potential clinical use as anesthetics, anticonvulsants,
anxiolytics, hypnotics and analgesics. Those with an
ability to potentiate the GABAA receptor reponse also

show a potent anticonvulsant effect in pentylenetetrazol
(PTZ), bicuculline and picrotoxin seizure tests in mice.8

3-Mercaptopropionic acid (3-MPA) has also been used
to induce seizures, since its inhibition of glutamate
decarboxylase activity has been thoroughly studied in
several species including the golden hamster.9 It has
been recently suggested that neurosteroid-related anti-
convulsants may offer a potentially new nonhormonal
approach for the treatment of infantile spasms and
other developmental epilepsies.10

Among the naturally endogenous neurosteroids are
3a-hydroxy-5a-pregnan-20-one (allopregnanolone, 1)
and its 5b-isomer (pregnanolone, 2). Several synthetic
analogues of these compounds with improved activities
and bioavailability have been developed.6,11�14 In the
search for conformationally restricted analogues that
could imitate the molecular shape of neurosteroids 1 or
2 we turned our attention to 6,19-oxido bridges that,
when incorporated into �4 steroids, bend the molecule
at the A/B ring junction mimicking an A/B cis fused
steroid.15 The gonadal steroid 3a-hydroxy-4-pregnen-
20-one (3), an unsaturated analogue of allopregnano-
lone (1) with similar overall shape and conformation,
exhibits a potency and efficacy similar to this neuro-
steroid.7 The introduction of an oxido bridge between
C-6 and C-19 of the former compound, gives the highly
bent 6,19-oxidopregnene 4, with a torsioned steroid
nucleus at the A/B-ring junction. The overall con-
formation of 4 as predicted by semiempirical AM1
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calculations is very similar to that of pregnanolone
(2) (Fig. 1) with the side chain at C-17 and the
3a-OH occupying almost identical relative positions
(less than 0.05 Å displacement).16 Thus 4 would be the
equivalent of 3 in the 5b series, however at variance with
the latter steroid, the 6,19-oxido bridge gives rise to a
highly rigid framework.

The 6,19-oxidosteroid 5 was used as starting material
for the preparation of compound 4, (Scheme 1); the
former compound was obtained from commercially
available pregnenolone acetate following essentially the
procedure described previously by de Armas et al.17 The
first step of the synthetic sequence was the protection of
the C-20 carbonyl as the ethylene ketal with ethyl

orthoformate and ethyleneglycol in the presence of
p-toluenesulfonic acid. Hydrolysis of the acetate at
position 3b with potassium carbonate in methanol fol-
lowed by oxidation with pyridinium chlorochromate
(PCC) in the presence of barium carbonate gave the
3-ketone 6, dehydrohalogenation occurring sponta-
neously upon filtration through alumina. Stereoselective
reduction with lithium tri(t-butoxy) aluminum hydride
in THF,18 followed by deprotection of the C-20 car-
bonyl with p-toluenesulfonic acid in acetone gave 4 in
41% yield from 5.

The structure of 4 was established on the basis of spec-
troscopic evidence.19 Confirmation of the stereo-
chemistry at C-3 was carried out by the combined
analysis of the NOESY spectrum and molecular mod-
eling of compound 4 and its 3b-stereoisomer. The
correlations observed in the NOESY spectrum for the
pairs H-1b (d 1.34)/H-19b (d 3.31) and H-1b (d 1.34)/
H-3b (d 4.38) were in agreement with the distances
between those hydrogens predicted by AM1 calcula-
tions (2.27 and 2.73 Å, respectively).16 On the other
hand for the 3b-hydroxysteroid, calculations indicated
that no hydrogen would simultaneously correlate with
H-3a and H-19b. Application of the Altona equation20

to the minimum energy conformation of compound 4,
gave couplings of 9.8, 6.6 and 3.0 Hz for the pairs H-3b/
H-2b, H-3b/H2a, and H-3b/H-4 respectively, in good
agreement with the observed data (8.4, 5.7, and 2.5 Hz,
respectively). The same calculations performed on the
isomeric 3b-stereoisomer predicted couplings of 1.51,
5.43 and 4.11 Hz for the pairs H-3a/H-2b, H-3a/H2a,
and H-3a/H-4 respectively.

GABAA receptor activity was evaluated by assessing
36Cl� influx in hamster cerebral cortex synaptoneuro-
somes.21 Figure 2 shows the effect of 1, 2, and 4 on
GABA-induced 36Cl� uptake. Allopregnanolone (1)
significantly increased this parameter at a range of con-
centrations of 1–50 mM, being ineffective at 0.1 and 100
mM. A higher sensitivity was observed for the 6,19-oxido

Scheme 1. Reagents and conditions: (a) (i) Ethyleneglycol, p-TsOH,
HC(OEt)3; (ii) K2CO3, MeOH; (b) (i) PCC, BaCO3, Cl2CH2; (ii) fil-
tration through Al2O3; (c) (i) LiAlH(t-BuO)3, THF; (ii) Acetone, p-
TsOH, H2O, Cl2CH2.

Figure 1. Superposition of the AM1 calculated structures of pregna-
nolone (2, white) and 3a-hydroxy-6,19-oxidopregn-4-en-20-one (4,
blue). The overall error for the RMS fit of both structures was 0.139 Å
(all heavy atoms considered except C-19 and the bridge oxygen).16

Hydrogens are not shown for clarity.

Figure 2. Effect of compounds 1, 2, and 4 on GABA-induced 36Cl�

influx. Hamster cerebral cortex synaptoneurosomes were incubated
with 10 mM GABA, in the presence or absence of these compounds
(0.1–100 mM).21 Data are mean�SEM (n=15/group). GABA alone
significantly increased 36Cl� uptake (white bar on the left), being basal
levels of this parameter (in the absence of GABA) 452�35 dpm/mg
protein; ap<0.05, bp<0.01, by Dunnett’s t test.
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analogue 4 since it was effective in the increase of
GABA-induced Cl� influx even at 0.1 mM. The b ana-
logue 2 did not differ significantly from controls at all
the concentrations tested.

Naturally occurring or synthetic neuroactive steroids
such as androsterone and alphaxalone showed antic-
onvulsant activity, presumably by acting at the GABA
receptor complex.22,23 The highly effective modulation
of GABA-induced 36Cl� uptake exhibited by analogue
4, indicates a positive modulation of GABA activity. As
mentioned above, 3-mercaptopropionic acid (3-MPA) is
a highly specific inhibitor of glutamate decarboxylase,
its administration resulting in seizures due to a sig-
nificant decrease in brain GABA levels. Positive allo-
steric modulators of the GABAA receptor should
counteract the proconvulsant effect of 3-MPA by
potentiating GABAergic response. Present results con-
firm this presumption, since compound 4 was also
shown to behave as an effective anticonvulsant.21 Figure 3
shows the percentage of animals reaching tonic and
tonic-clonic seizures when injected with 3-MPA alone or
3-MPA and the 6,19-oxido analogue 4. At 10 mg/kg, 4
was ineffective, whereas at 20 and 50 mg/kg it sig-
nificantly decreased the percentage of hamsters showing
seizures. These data are in line with the reported effec-
tiveness of several neurosteroids that positively mod-
ulate GABAA receptors (at similar doses to those used
in the present report) in inhibiting the seizures induced
by GABAA antagonists.8,24 It should be noted that at
variance with 3-MPA both bicuculine and pentylene-
tetrazol induce seizures by inhibiting GABA response,
thus their use may mask the putative anticonvulsant
effect of a positive modulator of the GABAA receptor.

Interestingly, although polar groups at position 6, for
example, the replacement of the 6-methylene by oxygen,
adversely affect the GABAA receptor activity of neuro-
steroid analogues,18 this is not the case with the oxygen
bridge in compound 4. Although several pieces of
information are still lacking (e.g. side effects, pharma-
codynamics, etc.) this novel compound appears as a new

tool with potential application for the treatment of epi-
lepsy and other behavioral alterations associated to a
GABAergic system disfunction. Furthermore, the oxi-
dation product of 4, 6,19-oxidoprogesterone, which is a
plausible metabolite in vivo, has been shown to be
completely devoid of hormonal activities.15,25
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