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Abstract—The present study describes the synthesis and pharmacological profiles of four novel pyrazolo[3,4-b]pyrrolo[3,4-d]pyri-
dine derivatives 2–5, which were structurally designed by using the sedative and analgesic drug zolpidem 1 as lead compound.
The heterotricyclic system present in the target compounds 2–5 was constructed in good yields, exploiting a regioselective hetero
Diels–Alder reaction of the key azabutadiene derivative 7 and functionalized N-phenylmaleimides 9–12. Additionally, we identified
that 1-methyl-7-(4-nitrophenyl)-3-phenyl-3,6,7,8-tetrahydropyrazolo[3,4-b]pyrrolo[3,4-d]pyridine-6,8-dione derivative (LASSBio-
873, 5) presented not only the most potent ability to promote sedation, which was similar to that induced by the standard benzo-
diazepine drug midazolam, but also potent central antinociceptive effect.
� 2005 Elsevier Ltd. All rights reserved.
1. Introduction

According to the US National Institute of Mental
Health anxiety disorders affect annually more than 19
million adults ranging in age from 18 to 54 years, which
represents 13.3% of the population at this age,1 making
this an important social problem of the contemporary
world.

Zolpidem 1 (Fig. 1), an imidazo[1,2-a]pyridine deriva-
tive2 with the ability to act as a benzodiazepine receptor
agonist, is commonly used to treat anxiety disorders
related to the neuronal inhibition induced by c-amino-
butyric acid (GABA),3,4 the major inhibitory neuro-
transmitter in the mammalian central nervous system
(CNS).4 Drugs like 1 act through high potent and selec-
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tive allosteric modulation of GABAA receptors4 respon-
sible for the regulation of the neuronal membrane
conductance to chloride ions, promoting slight mem-
brane hyperpolarization and a reduction in neuronal
excitability.5 Similar processes are controlled by the opi-
oid neurotransmission, in which the reduced neuronal
excitability is translated in an analgesic effect.5 Recently,
some reports demonstrated that analgesia and hyperal-
gesia are related to GABA-mediated modulation of
the cerebral cortex.6

In the scope of a research program aimed at the develop-
ment of new alternatives to treat neurological disorders,
we describe in the present study the synthesis and
pharmacological evaluation of new functionalized pyra-
zolo[3,4-b]pyrrolo[3,4-d]pyridine derivatives 2–5 (Fig. 1).
These new heterotricyclic compounds were originally
designed to be selective GABA receptor modulators,
exploring its structural analogy with the lead compound
zolpidem (1), which presents rapid-onset, short duration
of hypnotic effect as a consequence of its binding to ben-
zodiazepine receptors.2,7 Additionally, recent reports
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Figure 2. Superimposition and final alignment of the benzodiazepine

ligands used in the generation of the corresponding CoMFA model.

Table 1. Statistical results for the new CoMFA model generated from

the alignment of benzodiazepine ligands12

CoMFA model

q2a 0.841

Nb 6

Scv
c 0.365

r2d 0.941

Se 0.305

Ff 104,097

r2 predg 0.871

a Cross-validation correlation coefficient.
b Number of components.
c Standard error of prediction.
d Correlation coefficient.
e Standard error of estimate.
f F-ratio.
g Predicted correlation coefficient.

Figure 1. Design concept of the new heterotricyclic pyrazolo[3,4-b]pyrrolo[3,4-d]pyridine derivatives 2–5.
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have described that zolpidem (1) also has important
analgesic properties, which seem to be dependent on a
mechanism still unknown.8,9

The title compounds 2–5 were structurally planned by
exploring the isosteric relationship between the func-
tionalized pyrrolo[3,4-c]pyridine-1,3-dione ring and the
imidazo[1,2-a]pyridine moiety (A + B, Fig. 1) present
in the lead compound 1. Additionally, besides the main-
tenance of the corresponding substituted 2-phenyl group
attached to the main heterocyclic template (C, Fig. 1),
we promoted a second isosteric replacement of the two
potential H-bond acceptor sites D and D 0 of 1, by the
two carbonyl groups of the pyrrolo-1,3-dione ring (B)
present in the newly designed compounds 2–5 (Fig. 1).
Focusing on its better CNS access, we decided to incor-
porate a N-phenylpyrazole framework to the bicyclic
pyrrolo[3,4-c]pyridine-1,3-dione template, in order to
improve the lipophilic behaviour of the new heterocyclic
derivatives 2–5, within the limits anticipated by Lipin-
ski�s rules.10

Aiming at the structural validation of the planned com-
pounds 2–5, we briefly evaluated the fit in the receptor
site by using a new comparative molecular field analy-
sis (CoMFA)11 model for benzodiazepine (BZDP)
ligands, which was constructed from a database con-
taining a series of 58 (a training set of 46 and a test
set of 12) known GABAA/BZDP bioreceptor ligands
described previously.12,13 The CoMFA model explored
herein (see Fig. 2 and Table 1) was generated with a
basis in the alignment anticipated in our previous
LIV/3D-QSAR study,12 applying the same set of
BZDP ligands.

The CoMFA model was efficiently able to predict the
activities of the compounds of the test set, suggesting
that it can be used for the evaluation of new GABAA/
BzR ligand candidates, as well as the new pyrazolo[3,4-
b]pyrrolo[3,4-d]pyridine derivatives 2–5, which after



Figure 3. Contour maps of CoMFA model as compared with the

topology of derivative 5. The structures of the ligand are represented as

sticks, highlighting the atoms in gray (C), blue (N), red (O), and light

blue (H). Electrostatic contour plots of 5 are displayed in blue contours

(>80% contribution) and red contours (<20% contribution), which

correspond to regions where an increase in positive or negative charge,

respectively, could enhance the bioactivity. Steric contour plots of 5

are displayed in green contours (>80% contribution) and yellow

contours (<20% contribution), which indicate, respectively, regions

where an increase in steric bulk could enhance or reduce the

bioactivity.
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fitting presented predicted pIC50 values of 5.77, 6.08,
5.31, and 7.88 lM, respectively. The observed in silico
profile corroborated the structural design of the new
Scheme 1. Reagents and conditions: (i) 90 �C, 6 h; (ii) AcOH, 50 �C, 48 h.
class of heterotricyclic CNS agent candidates described
herein, encouraging us to synthesize them (Fig. 3).
2. Chemistry

The synthetic route planned to achieve new heterotricy-
clic derivatives 2–5 (Scheme 1) exploited the use of het-
ero Diels–Alder reaction between the 2-azabutadiene
intermediate 8 and substituted N-phenylmaleimides 9–
12, in acetic acid for 48 h.14 The 1-phenyl-3-methyl-5-
aminopyrazole derivative 6 reagent was prepared
according to the methodology previously described by
Ganesan and Heathcock,15 which involves the coupling
of b-aminocrotononitrile and phenylhydrazine. On the
other hand, the (E)-2-azabutadiene derivative 8 was
quantitatively prepared through the condensation reac-
tion between 6 and dimethylformamide dimethylacetal
7. Finally, the ene-moiety represented by substituted
N-phenylmaleimide derivatives 9–12 was prepared in
60–75% yield, exploring the nucleophilic substitution
of the maleic anhydride by the corresponding substitut-
ed aniline derivatives, according to the procedure de-
scribed by Cava et al.16

For instance, the optimization of the hetero Diels–Alder
step yields could be reached through the employment of
non-acidic conditions.17 All new heterotricyclic deriva-
tives described herein were completely characterized
by common spectroscopic methods (see Experimental
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Figure 4. Effects of the new heterotricyclic compounds on the

pentobarbital-induced sleep test.18 Derivatives were injected ip

30 min before intravenous injection of 25 mg kg�1 of pentobarbital

sodium. Data represent means of time between loss and recovery of the

righting reflex. *P < 0.05 relative to DMSO-treated group.

R. Menegatti et al. / Bioorg. Med. Chem. 14 (2006) 632–640 635
section) and their analytical results for C, H, and N were
within ±0.4% of calculated values.
3. Pharmacology

The hypnotic effect of the title derivatives 2–5, named,
respectively, LASSBio-981, LASSBio-980, LASSBio-
872, and LASSBio-873, was initially investigated by
using the pentobarbital-induced-sleep test.18 All four
new heterotricyclic derivatives increased the duration
of hypnosis induced by pentobarbital in a dose-depen-
dent manner (Fig. 4). The compounds 2, 3, 4, and 5
in a dose of 6 mg kg�1 significantly increased the pento-
barbital-induced sleep from 41.7 ± 3.5 min (DMSO)
to 70.1 ± 4.8, 78.0 ± 14.5, 98.7 ± 5.1, and 162.7 ±
25.8 min, respectively. The nitro-substituted derivative
LASSBio-873 (5) was the most effective in prolonging
DMSO

Midazolam

M
ov

em
en

ts
/m

in
u

te

H3C

Cl

N

N

N

F

Midazolan
LASSBio-9

300

200

100

0

Figure 5. Effects of midazolam and new heterotricyclic compounds on the

activity was determined during 40 min after injection. Data are expressed as m

group (DMSO).
the duration of hypnosis induced by pentobarbital.
These results indicated, as anticipated by the molecular
modelling studies, that the inclusion of the NO2 substitu-
ent in the heterotricyclic template favoured the efficacy of
the compound in prolonging the pentobarbital effect.

Additionally, the sedation produced by the target deriv-
atives 2–5 was investigated using the locomotor activity
test.19 By applying this in vivo protocol we could evi-
dence that, excepting the derivative 3, all substituted
pyrazolo[3,4-b]pyrrolo[3,4-d]pyridine derivatives (e.g.,
2, 4, and 5) significantly altered the spontaneous
locomotor activity (Fig. 5). Intraperitoneal injec-
tion of derivatives 2 (6 mg kg�1), 4 (6 mg kg�1) and
5 (4 mg kg�1) decreased motor activity from
209.1 ± 26.2 movements/min (DMSO) to 93.7 ± 15.2,
129.6 ± 22.7 and 86.7 ± 16.5 movements/min, respec-
tively. The reduction in locomotor activity was compa-
rable to that of the reference agent midazolam,20

which in a dose of 2 mg kg�1 was able to decrease motor
activity to 80.9 ± 26.6 moviments/min (Fig. 5). Once
again, compound LASSBio-873 (5) presented the most
potent sedative effect in comparison with the other
heterotricyclic derivatives 2–4.

Considering the described analgesic profile exhibited by
the non-benzodiazepine hypnotic drug zolpidem9 (1),
which could be evidenced only in high doses, i.e.,
80 mg kg�1 (sc), promotes 80% of analgesia in mice,
we decided to investigate the central antinociceptive pro-
file of the designed heterocyclic derivatives 2–5 in the
same experimental protocol, i.e., hot plate test.21 As
shown in Figure 6, a single intraperitoneal administra-
tion of the target compounds 2, 3, 4, and 5 resulted in
a remarkable analgesic effect. The analgesic activity
was dose dependent for all new pyrazolo[3,4-b]pyrrol-
o[3,4-d]pyridine derivatives described herein. Maximal
analgesic activity (100%) was observed with the com-
pounds LASSBio-872 (4) (6 mg kg�1) and LASSBio-
873 (5) (2 mg kg�1). Therefore, nitro-substituted deriva-
tive 5 was the most potent to produce analgesia and the
duration of its action was greater than 2 h. After 30 min
of an intraperitoneal injection of 4 mg kg�1, analgesic
activity evidenced for derivatives 2–5 was 61.9 ± 16.2,
 2 mg.kg-1

81 (2) - 6 mg.kg-1

LASSBio-980 (3) - 4 mg.kg-1

LASSBio-872 (4) - 6 mg.kg-1

LASSBio-873 (5) - 4 mg.kg-1

* *

*

*

locomotor activity in mice.19 Derivatives were injected ip and motor

eans of the movements per minute ± SEM. *P < 0.05 relative to control
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Figure 6. Effects of the new heterotricyclic derivatives 2–5 on the thermal stimuli response using the hot plate test.21 Derivatives were injected ip in

mice. Data are expressed as means of the percentage of analgesic activity considering the cutoff of 35 s. *P < 0.05 relative to control group at a given

time.

636 R. Menegatti et al. / Bioorg. Med. Chem. 14 (2006) 632–640
83.5 ± 6.5, 23.7 ± 9.2, and 91.3 ± 5.0%, respectively
(Fig. 6). Dose-antinociceptive response curves induced
by heterotricyclic derivatives 2–5 were evaluated in the
presence of naloxone, an antagonist of opioid recep-
tors.22 Treatment of mice with naloxone (1 mg kg�1) be-
fore the ip administration of all new derivatives tested
reduced its analgesic activity (Fig. 7), indicating that this
bioprofile seems to be dependent on the activation of
opioid receptors.

These results showed that unlike zolpidem (1), which
presents a weak antinociceptive profile in doses far
beyond those used clinically to induce sleep,9 the ni-
tro-heterotricyclic derivative LASSBio-873 (5) has a
powerful analgesic profile in doses two times lower
than that able to induce a midazolam-like sedative
effect.

In conclusion, we discovered a new potent central acting
analgesic prototype represented by compound LASS-
Bio-873 (5), which was structurally designed from
benzodiazepine receptor ligand zolpidem (1) through
the identification of the bioisosteric relationships be-
tween imidazo[1,2-a]pyridine and pyrrolo[3,4-c]pyri-
dine-1,3-dione heterocyclic frameworks. In addition, as
previously evidenced for the analgesic activity of zolpi-
dem (1), the antinociceptive profile of LASSBio-873
(5) seems to be directly or indirectly dependent on the
modulation of opioid receptors.
4. Experimental

4.1. Generation of benzodiazepine CoMFA model

4.1.1. Biological data. Based on the previous study,12 we
selected a series of 58 non-benzodiazepine compounds in
which their ability to replace the [3H]diazepam on the
specific binding assay for the GABAA/benzodiazepine
receptor was used as a parameter for the evaluation of
the biological activity.13 The binding affinities measured
as IC50 (nM) were converted to IC50 (M) and then
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Figure 7. Effects of the new heterotricyclic derivatives 2–5 on the thermal stimuli response using the hot plate test in the absence and presence of

naloxone. Derivatives were injected ip in mice 15 min after pre-treatment with naloxone (1 mg kg�1). Data are expressed as means of the percentage

of analgesic activity considering the cutoff of 35 s. *P < 0.05 relative to group treated with derivatives alone at a given time.
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converted to pIC50, and those expressed as Ki (nM) were
first converted to IC50 (M) according to the Cheng and
Prussoff equation.23 The binding affinities were
widespread and homogeneous, which is an important
requisite to the obtainment of meaningful results from
3D-QSAR studies using the CoMFA method.24

Approximately 80% of the 58 compounds were selected
to compose the training set (46 compounds) and the
remaining compounds, corresponding to approximately
20%, were used as test set (12 compounds). The com-
pounds were split between training and test sets at
random. Random numbers were generated and assigned
to each compound before they were sorted in increasing
order. Then the training set was used as the basis to con-
struct the CoMFA model and the compounds of the test
set were used for model validation.

4.1.2. Molecular modelling and alignment. The initial
structures of the 58 non-benzodiazepine compounds
were generated by application of semiempirical AM1
minimization according to previous report by our re-
search group.12 The geometries of these compounds
were subsequently optimized using the Tripos force field
with Gasteiger–Hückel charges. The Powell method
available in the Maximin2 module of Sybyl 7.025 was
used for energy minimization with an energy conver-
gence gradient value of 0.001 kcal/(mol Å). Additional-
ly, previous alignment12 was used for superposition of
all 58 GABAA/BZDP bioreceptor ligands. The illustra-
tion of this alignment is presented in Figure 2.26

4.1.3. 3D QSAR/CoMFA analysis. The CoMFA method
was applied to the training set for the 3D QSAR analy-
sis. The steric (Lennard–Jones) and electrostatic (Cou-
lomb) CoMFA fields were calculated at all
intersections in a regularly spaced (1.5 Å) grid within a
predefined region. The steric and electrostatic interac-
tion energies between a probe atom and the molecules
were calculated using a sp3 carbon as the steric probe
atom and a +1.00 charge for the electrostatic probe. A
cutoff of 5 kcal/mol was adopted, and the regression
analysis was carried out using the full cross-validated
partial least-squares (PLS)27,28 method (leave-one-out)
with CoMFA standard options for scaling of variables.
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To perform the PLS, the minimum column filtering val-
ue was set to 4.0 kcal/mol to improve the signal-to-noise
ratio by omitting those lattice points whose energy var-
iation was below this threshold and the number of com-
ponents was set to 5.

4.2. Chemistry

All melting points were determined with a Thomas–Hoo-
ver apparatus and are uncorrected. Proton magnetic
resonance (1HNMR), unless otherwise stated, was deter-
mined in deuterated chloroform containing ca. 1% tetra-
methylsilane as an internal standard with Bruker
500 MHz. Splitting patterns are as follows: s, singlet; d,
doublet; dd, double doublet; m, multiplet. Carbon mag-
netic resonance (13C NMR) was determined with the
same spectrometer described above at 125 MHz. Infra-
red (IR) spectra were obtained with a Nicolet-55aMagna
spectrophotometer by using potassium bromide plates.
The ultraviolet spectra were obtained with a Hitachi U-
2000 Spectrophotometer by using methanol as solvent
and an internal standard. Microanalysis data were ob-
tained with a Perkin-Elmer 240 analyzer, using Perkin-
Elmer AD-4 balance.

The progress of all reactions was monitored by TLC,
which was performed on 2.0 · 6.0 cm aluminium sheets
precoated with silica gel 60 (HF-254, Merck) to a thick-
ness of 0.25 mm. The developed chromatograms were
viewed under ultraviolet light (254–265 nm) and treated
with iodine vapour. For column chromatography Merck
silica gel (70–230 mesh) was used. Reagents and solvents
were purchased from commercial suppliers and distilled
prior the use.

4.2.1. General procedure14 for the �one-pot� preparation of
the heterotricyclic derivatives LASSBio-981 (2), LASS-
Bio-980 (3), LASSBio-872 (4), and LASSBio-873 (5). A
mixture of 1-phenyl-3-methyl-5-aminopyrazole15

(2.5 mmol) and dimethylformamide dimethylacetal
(2.75 mmol) was heated at 90 �C for 6 h. Then, the
resulting aggregate was dissolved in acetic acid
(10 mL), followed by the addition of the corresponding
substituted N-phenylmaleimide16 9–12 (10.0 mmol). The
suspension was stirred vigorously and heated at 50 �C
for an additional 48 h. After cooling at room tempera-
ture, the reaction mixture was poured in water
(20 mL), filtered, and rinsed with ethanol to afford the
desired heterotricyclic derivative 2–5 as described next.

4.2.2. 7-Phenyl-1-methyl-3-phenyl-3,6,7,8-tetrahydropy-
razolo[3, 4-b]pyrrolo[3,4-d]pyridine-6,8-dione, LASSBio-
981 (2). Derivative 2 was obtained in 25% yield, as a yel-
low solid, mp 228–230 �C, Rf = 0.84 (CH2Cl2/MeOH
95:5) and Rf = 0.79 (n-hexane/ethyl acetate 7:3): IRmax

(KBr) cm�1: 3112–3055 (mC–H), 1779–1717 (mC@O);
1H NMR (500 MHz) CDCl3/TMS (d—ppm): 9.07 (1H,
s, H-9), 8.14 (2H, d, J = 8.0 Hz, H-200 and 600), 7.51–
7.47 (4H, m, 3 0, 5 0, 200 and 600), 7.41–7.37 (3H, m, 300,
400 and 500), 7.32 (1H, d, J = 7.5 Hz, H-4 0), 2.90 (3H, s,
Me); 13C NMR (125 MHz) CDCl3/TMS (d—ppm):
166.7 and 165.6 (C-8 and C-7), 153.6 (C-5), 143.9 (C-
1), 143.7 (C-3a), 138.5 (C-1 0), 134.7 (C-8a), 131.2 (C-
100), 129.3 (C-3 0, 5 0, 200 and 600), 128.5 (C-400), 127.1 (C-
4 0), 126.6 (C-300 and 500), 121.8 (C-2 0 and 6 0), 119.5 (C-
5a), 110.7 (C-1a); 15.1 (Me); UV kðCHCl3Þ

max nm (eMAX):
386.2 (1330); 283.6 (36,702).

4.2.3. 7-(4-Methylphenyl)-1-methyl-3-phenyl-3,6,7,8-tetr-
ahydropyrazolo[3,4-b]pyrrolo[3,4-d]pyridine-6,8-dione,
LASSBio-980 (3). Derivative 3 was obtained in 25%
yield, as a yellow solid, mp 231–233 �C, Rf = 0.84
(CH2Cl2/MeOH 95:5) and Rf = 0.80 (n-hexane/ethyl ace-
tate 7:3): IRmax (KBr) cm�1: 3111–3041 (mC–H); 2920–
2845 (mC–H); 1778–1720 (mC@O); 1H NMR
(500 MHz) CDCl3/TMS (d—ppm): 9.04 (1H, s, H-5),
8.13 (2H, d, J = 8.5 Hz, H-200 and 600), 7.48 (2H, t,
J = 8.0 Hz, H-3 0 and 5 0), 7.25–7.31 (5H, m, H-2 0, 4 0,
6 0, 300 and 500), 2.88 (3H, s, H-9), 2.36 (3H, s, H-10);
13C NMR (125 MHz) CDCl3/TMS (d—ppm): 166.8
(C-8), 165.7 (C-6), 153.6 (C-1), 143.9 (C-5), 143.7
(C-3a), 138.7 (C-1 0), 138.5 (C-100), 134.7 (C-8a), 129.9
(C-3 0 and 5 0), 129.2 (C-200 and 600), 128.5 (C-400), 127.0
(C-4 0), 126.4 (C-300 and 500), 121.8 (C-2 0 and 6 0), 119.6
(C-5a), 110,7 (C-8a), 21.3 (C-10), 15.1 (Me); UV
kðCHCl3Þ
max nm (eMAX): 386.2 (1215); 285.2 (33,094).

4.2.4. 7-(4-Chlorophenyl)-1-methyl-3-phenyl-3,6,7,8-tetr-
ahydropyrazolo[3,4-b]pyrrolo[3,4-d]pyridine-6,8-dione,
LASSBio-872 (4). Derivative 4 was obtained in 20%
yield, as a yellow solid, mp 246–248 �C, Rf = 0.87
(CH2Cl2/MeOH 95:5) and Rf = 0.64 (n-hexane/ethyl ace-
tate 7:3): IRmax (KBr) cm�1: 3092–3072 (mC–H), 1774–
1726 (mC@O), 1092 (mC–Cl); 1H NMR (500 MHz)
CDCl3/TMS (d—ppm): 9.08 (1H, s, H-5), 8.14 (2H, d,
J = 8.0 Hz, H-2 0 and 6 0), 7.50 (2H, t, J = 8.0 Hz, H-3 0

and 5 0), 7.46 (2H, d, J = 8.2 Hz, H-200 and 600), 7.38
(2H, d, J = 8.2 Hz, H-300 and 500), 7.32 (1H, t,
H = 8.0 Hz, H-4 0), 2.90 (3H, s, H-9); 13C NMR
(125 MHz) CDCl3/TMS (d—ppm): 166.3 (C-8), 165.3
(C-6), 153.7 (C-1), 143.9 (C-5), 143.6 (C-3a), 138.5 (C-
1 0), 134.5 (C-8a), 134.3 (C-100), 129.7 (C-400), 129.5 (C-
200 and 600), 129.2 (C-3 0 and 5 0), 127.7 (C-300 and 500),
127.1 (C-4 0), 121.9 (C-2 0 and 6 0), 119.3 (C-5a), 110.7
(C-1a), 15.1 (Me); UV kðCHCl3Þ

max nm (eMAX): 386.2
(1220); 285.6 (34,476).

4.2.5. 1-Methyl-7-(4-nitrophenyl)-3-phenyl-3,6,7,8-tetra-
hydropyrazolo[3,4-b]pyrrolo[3,4-d]pyridine-6,8-dione,
LASSBio-873 (5). Derivative 5 was obtained in 35%
yield, as a yellow solid, mp 238–240 �C, Rf = 0.87
(CH2Cl2/MeOH 95:5) and Rf = 0.56 (n-hexane/ethyl ace-
tate 7:3): IRmax (KBr) cm�1: 3124–3004 (mC–H), 1727
(mC@O), 1350–1380 (mC–NO2), 848–884 (mC–NO2);

1H
NMR (500 MHz) CDCl3/TMS (d—ppm): 9.12 (1H, s,
H-5), 8.36 (2H, d, J = 9.0 Hz, H-300 and 500), 8.15 (2H,
d, J = 8.0 Hz, H-2 0 and 6 0), 7.74 (2H, d, J = 9.0 Hz, H-
200 and 600), 7.51 (2H, t, J = 8.0 Hz, H-3 0 and 5 0), 7.34
(1H, t, H = 8.0 Hz, H-4 0), 2.92 (3H, s, H-9); 13C NMR
(500 MHz) CDCl3/TMS (d—ppm): 166.8 (C-8), 165.8
(C-6), 153.8 (C-1), 146.6 (C-400), 144.2 (C-5), 143.8 (C-
3a), 138.3 (C-1 0), 137.1 (C-100), 134.2 (C-8a), 129.3
(C-3 0 and 5 0), 127.3 (C-4 0), 126.5 (C-200 and 600), 124.6
(C-300 and 500), 121.9 (C-2 0 and 6 0), 119.0 (C-5a), 110.7
(C-1a), 15.1 (Me); UV kðCHCl3Þ

max nm (eMAX): 386.2
(1377); 293.0 (34,970).
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4.3. Pharmacology

The Animal Care and Use Committee at Universidade
Federal do Rio de Janeiro approved the protocols de-
scribed as follows.

4.3.1. Pentobarbital-induced sleep test in mice.18 Male
Swiss mice (20–25 g) were randomly divided into groups
of 10 and housed in a breeding room with 12 h light–
dark cycle at 24 ± 1 �C. Each group was ip injected with
each derivative LASSBio-872 (2), LASSBio-873 (3),
LASSBio-980 (4), and LASSBio-981 (5) 30 min before
intravenous administration of pentobarbital sodium
(25 mg kg�1). Doses of the heterotricyclic derivatives
varied from 1 to 8 mg kg�1. Sleep time was considered
as the difference between the time of loss and recovery
of the righting reflex. The compounds 2–5 were dis-
solved in dimethylsulfoxide (DMSO) as stock solutions
of 50 mg/mL. Control group was ip treated with DMSO
alone to determine the duration of hypnosis.

4.3.2. Locomotor activity test in mice.19 The sedative
properties of midazolam and derivatives were compared
using locomotor activity as an index of sedation. Motor
activity was determined in Swiss mice (20–25 g), which
were placed in an open field of 45 · 45 cm (LE 8811,
Letica) in which 16 photocell beams were positioned
every 2.5 cm. Total locomotor activity was defined as
the number of interruptions of the beams registered in
a computer. Activity was measured during 40 min after
ip injection of either midazolam or new heterotricyclic
derivatives 2–5.

4.3.3. Antinociceptive activity (hot plate test).21 Central
analgesic activity was evaluated using the method of hot
plate. One hundred and twenty male Swiss mice (20–
25 g) were randomly divided into 12 groups and each
group of 10 mice was treated with vehicle (DMSO) alone
or with different doses of heterotricyclic derivatives 2–5,
varying from 0.5 to 8 mg kg�1. Mice were placed into a
hot plate maintained at 52 �C (Letica LE 7406). The time
necessary for each animal to respond to the termic stimuli
was determined before and after pre-treatment with the
pyrazolo[3,4-b]pyrrolo[3,4-d]pyridine derivatives from 5
to 120 min after injection. Four groups of mice (n = 10
each) were pre-treated with ip injection of 1 mg kg�1 of
naloxone 15 min before the administration of test com-
pounds 2–5. Maximal permanence of the animals was
35 s (cutoff). Data were expressed in means ± SEM of
analgesic activity. The analgesic activity (%) was calculat-
ed by the following equation:
Analgesic Activity ¼ ðpostdrug latencyÞ � ðpredrug latencyÞ
ð35 sÞ � ðpredrug latencyÞ

� 100
4.3.4. Statistical analysis. Statistical significance was as-
sessed using one- or two-way analysis of variance
(ANOVA) followed by a Student–Neuman–Keuls test.
Difference was considered statistically significant when
P < 0.05.
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