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Name R Ki (µM) IC50 (µM)
4-PIOL - 9.1 > 500
4-PHP - 10 > 500

2 - 0.030 0.21
3a H > 100 ~ 300
3b Methyl 23 > 500
3c Ethyl 25 > 500
3d Benzyl 11 ~ 50
3e 3-phenyl-benzyl 0.94 2.3
3f Phenyl 0.73 n.d.
3g 3-Biphenyl 0.58 1.7
3h 4-Biphenyl 2.3 1.3
4b Methyl 44 n.d.
4c Ethyl > 100 n.d.
4d Benzyl 12 n.d.
4e 3-phenyl-benzyl 1.4 4.0
4f Phenyl 2.7 ~ 50
4g 3-Biphenyl 0.94 4.0
4h 4-Biphenyl 0.73 6.8

Table 1 | Structure and pharmacological data for the 3-hydroxypyrazole 
analogues. Ki is binding affinity from a [3H]-muscimol assay. IC50 is from 
functional characterization in cloned α1β2γ2 GABAAR.

The synthesized compounds were characterized by 
receptor binding studies in rat brain membrane 
preparation (Ki) and by the FLIPR™ Membrane 
Potenial Assay at human α1β2γ2S GABAAR tran-
siently expressed in tsA201 cells (IC50) (Table 1 ←).

The 3-hydroxpyrazole analogue of 4-PHP 3a shows 
no affinity towards the GABAAR. However, in-
troduction of substituents in the N1- and N2-position 
of the 3-hydroxypyrazole generally led to com-
pounds with moderate to low micromolar GABAAR 
affinities.

Based on the data it appears to be a tendency 
towards favoring more hydrophobic groups for 
receptor binding. Interestingly, the N1- and N2-
substituted 3-hydroxypyrazole analogues in general 
exhibit similar SAR.

Structural assignment of the regioisomers was 
achieved through HMBC correlations from the N-
substituent to quaternary carbon C-3 or C-5. 
Assignment of C-3 and C-5 were based primarily on 
correlations from H-6 and H-4 as well as corre-
lations to C-3 from the isopropyl protection in 8b-k 
and 9b-k (Figure 3 ↓).

Through spectral comparison of the two regioiso-
mers it was observed that the N1-isomers led to an 
increased 13C chemical shift of C-3 while the N2-iso-
mers showed evidence of deuterium exchange of 
H-4 in methanol-d4 (Figure 4 →) due to keto-enol 
tautomerism in accordance with the literature3, 
confirming the assignments.
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Figure 2 | The orthosteric binding pocket between a β2 and an α1 
subunits. The semitransparent surface shows the pocket shape. 
Modified from ref.2.

Figure 1 | Structures of GABA, the GABAAR ligands muscimol, 4-PIOL, 4-
PHP (1), an example of a high-potent 4-PHP analogue 2, and the general 
structures for the new 3-hydroxypyrazoles 3a-k and 4a-k.

Figure 3 | Comparison of HMBC spectras for the regioisomers 8c (blue) and 9c (red). X-axis: 1H NMR spectra for 8c and 9c in the range 1.35 
to 6.00 ppm; Y-axis: 13C NMR spectra for 8c and 9c in the range 128 to 179 ppm. Data recorded in CDCl3 (T=300 K).

Figure 4 | Deuterium exchange over time at the 4-position of the 3-
hydroxypyrazole analogue 4b. Spectra recorded in DMSO-d6/D2O 
(T=273.15 K).
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The GABAA receptors (GABAAR) constitute a phar-
macologically important class of the Cys-loop re-
ceptor family of ligand-gated ion channels. In spite 
of recent crystallographic advances with distant ho-
mologues from bacteria and snails, detailed struc-
tural knowledge of the orthosteric GABAAR binding 
site as well as the binding mode of GABA (Figure 1 
→) and other ligands have yet to be elucidated.

A homology model for the extracellular domain of 
the GABAAR in the antagonist conformation has be-
en developed. The binding pocket characterization 
pointed to a central cavity enclosed by β2-E155, 
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β2-Y205, and α1-R66, and spacious cavities exten- 
ding both upward and downward (figure 2 →).1 This 
is supported by SAR data of a series of highly potent 
3- and 5-substituted 4-PHP analogues, including 
compound 2.2

In order to challenge the homology model and 
investigate unexplored areas in the GABAAR binding 
site, we here introduce the 3-hydroxypyrazole ring as 
a potential bioisostere to the 3-hydroxyisoxazole and 
1-hydroxypyrazole of the partial agonists 4-PIOL and 
4-PHP, respectively. The synthesis, pharmacological 
data, and structural elucidation of a series of N1- and 
N2-substituted 3-hydroxypyrazole analogues of 4-
PHP are presented.

While 4-PHP and 4-PIOL displayed affinity for the 
GABAAR, the 3-hydroxypyrazole analogue, 3a, was 
devoid of affinity. Since the N1- and N2-substituted 
3-hydroxypyrazole analogues show affinity, the high 
desolvation energy of the unsubstituted analogue 
could be the reason for the lack of affinity for 
GABAAR. The free energies of desolvation for the 
anions of 1H-pyrazole-1-olate and 1H-pyrazole-3-
olate are calculated to -64.08 and -86.17 kcal/mol, 
respectively, indicating significantly higher desolva-
tion energy for 3a compared to 4-PHP.

The similarities in the SAR for the N1- and N2-
substituted 3-hydroxypyrazoles, indicates a different 
binding mode for the two series of compounds not 
in line with the proposed position and orientation of 
the corresponding 4-PHP analogues in the ho-
mology model of the orthosteric site in the GABAAR 
(2, Figure 5 →). However, the SAR supports the 
presences of previously suggested cavities in the 
GABAAR binding site1,2, able to accommodate bulky 
substituents in the region corresponding to the N1- 
and N2-position.
Figure 5 | The orthosteric binding pocket, comtaining 2, between a β2 and 
an α1 subunits, the 3-biphenyl of 2 filling out the lower cavity of the 
GABAAR.
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To summarize, we have introduced the 3-hydroxy-
pyrazole moiety as a carboxylic acid bioisostere 
within the GABAAR area. A series of new N1- and 
N2-substituted 3-hydroxypyrazole analogues has 
been synthesized, and the SAR data suggests that 
hydrophobic pockets are present in the area sur-
rounding the N1- and N2-positions. To rationalize 
the obtained SAR, docking studies using an in-
house developed receptor homology model is 
ongoing.
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