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Abstract: G-protein biased agonists with minimal B-arrestin

recruitment have shown opportunities for alternative safe pain
treatment to overcome the serious adverse effects of human mu
opioid receptor (u-OR) agonists. In order to discover novel non-
morphine opioid receptor (OR) agonists, we applied hierarchical
virtual screening of our in-house database against a pharmacophore
based on modeling the active conformation of ORs. We discovered
u-OR

pyrazoloisoquinoline scaffold. We applied computational R-group

initial  hit compound  (4), a novel agonist  with
screening to compound 4 and synthesized 14 derivatives predicted to
be best. Of these, the new Gj-protein biased compound (19) shows
ECso = 179 nM at p-OR. This resulting in significant pain-relief effects
for mice at the phase Il period in formalin tests. This study provides a
new strategy to identify diverse sets of promising compounds that
might prove useful for drug developments targeting other G protein-

coupled receptors (GPCRSs).

Introduction

Human mu opioid receptor (u-OR) agonists such as morphine
are clinically useful as effective analgesics for the treatment of
moderate to severe pain.[t! In addition, synthetic morphine (1,
Figure 1.) analogues, e.g. buprenorphinel?, and non-morphine
synthetic compounds, e.g. fentanyl®!, have been developed in
recent decades to increase pharmacological activity and reduce
side effects. Nevertheless, current treatment for pain using
single administration of conventional opioids involves such risks
as addiction, constipation, and respiratory depressiont!l,
Recent studies on biased Gj-protein activation with minimal 8-
arrestin recruitment showed opportunities for alternative efficient
and more safe pain treatment to replace traditional narcotic
analgesics.® Accordingly, a Gi-biased p-OR-specific agonist,
TRV-130 (2, Oliceridine, Figure 1.),[ which showed significantly
less side effects compared with morphine, has been developed
and currently in the NDA stage of the US FDA .. More recently,
another biased agonist with highly selective pharmacological
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profile to pain, PZM-21(3, Figure 1.)® was discovered through
structure based approaches using the antagonist bound p-OR
co-crystal structure for initial screening. However, recent studies
have shown some controversial results of B-arrestin knock-out
animal experiments, bringing forward a counterarguement
against the simple separation of therapeutic effects and side
effects due to Gi-protein dependent signalling versus p-arrestin
signalling.*% For example, although TRV-130 and PZM-21, the
representative Gi-protein biased agonists, are devoid of
addictive effects using conditioned place preference (CPP),[® 11
the research with p-arrestin knock-out mice showed enhanced
morphine CPP, which provokes questions about the merits of G;-
protein biased opioid agonists. The controversial results might
be explained by the lack of receptor desensitization of B-arrestin
deficient conditions.*? Nevertheless, the discovery of novel G;-
protein biased p-OR agonists and their precise pharmacological
and precilinical studies are required for the development of safe
opioid analgesics. Here, we report the discovery of non-
morphine structural u-OR agonists by means of additional
refinements and optimization based on predicting the active G
protein-coupled receptor (GPCR) conformations, in-silico
screening, and side chain optimization. This led to the discovery
of pyrazoloisoquinoline derivatives that provide a novel human
1-OR specific Gi-biased agonist chemotype, Compound 19, that
leads to nanomolar ECsg values with minimal B-arrestin
recruitment. The computational strategies used in this study
should be useful for applications to other GPCRs.
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Figure 1. Structures of mu opioid receptor agonists.

Results and Discussion

Generating the ensemble of Opioid Receptors structures for
ligand docking

In order to find optimum ligand-GPCR structures for novel ligands,
we develop an ensemble of 25 GPCR conformations (with various
tits and rotations of the 7 transmembrane domains (TMD)
expected to be thermally accessible. Here we use the GPCR
Ensemble of Structures in Membrane BilLayer Environment
(GEnSeMBLE) complete sampling method 3, which has been
applied successfully for adenosine A2A, Olfactory OR1G1,
glucagon-like peptide GLP1, bitter taste TAS2R38, Chemokine
CCR5, and cannabinoid CB1 receptors.* Starting from
templates having high homology to the u-OR and k-OR targets,
we first fix the tilts and optimize simultaneous rotations about each
of the 7 TMD. Considering rotation increments of 30°, we evaluate
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the energy of all (12)7=35 million packings in which the side chains
are optimized independently for each pair of interacting TMDs
(BiHelix). Then we select the top 1000, build the 7-TMD bundle,
reassign side each of the side chains, evaluate the energy, and
select 25 for further analysis (CombiHelix). We did this for 6
templates based on crystal structures of:
e u-OR activated structures: BU72 agonist bound mouse p-OR
(PDB ID code 5C1M)5!
e «-OR inactivated structures: antagonist JDTic bound to
human x-OR (PDB ID code 4DJH),[*¢!
e Antagonist morphinan bonded to mouse u-OR (PDB ID code
4DKL),17
e  Antagonist Naltrindole bonded to human §-OR (PDB ID code
4NG6H),128]
e Peptide mimetic antagonist compound-24 (C-24) bonded
human nociceptin receptor (PDB ID code 4EA3),* and
e One partial agonist (EKC) bounded to x-OR.2¥
From these 6*25 = 150 packings, we selected the top 25 by
energy and used the superfamily-wide GPCR Sequence-
Structure (GR0oSS) alignment of the TM for all 800 human GPCR
sequences (based on maximizing the 8 inter-helical contacts
characteristic of the activated GPCRs (the active hotspots) and 7
different contacts characteristic of inactive GPCRs (the GRoSS
inactive hotspots). In the Top 25 of pu-OR structures from BiHelix,
13 structures are p-OR templates (2 from inactive and 11 from
active structures), 10 structures are from inactive 3-OR crystal
structure, and 2 structures are from active k-OR predicted model.
These structures are tabulated in Table S1 of the SI.
The next step in GEnSeMBLE is the SuperBihelix optimization of
tilts and rotations, allowing each tilt angle (8) to change by 0 or
+10°, each azumuthal projection (¢) to change by 0 or +15°, and
each rotation (n) to change by 0 or £15°. We selected 3 following
templates form BiHelix based on energy and diversity (see Table
S1 of the SI):
e  the all-zero structure from the active u-OR (BHtop1l)
e the all-zero structure from the inactive 6-OR (BHtop2), and
e the all-zero structure from p-OR (BHtop3).
For each of these 3, we optimized the side chains and predicted
the energies for all (3*5*5)7 = 13 trillion combinations of tilts and
rotations. We selected the best 2000 to build the full 7-TMD
bundle, repredicted the side chains and selected the best 25 by
energy. From these 75 bundles we selected the best 25 based
on energy for futher analysis. Out of 25, 9 of the SuperBiHelix
top25 (#2, 3, 4, 5, 8, 9, 10, 12,13) results are from the active
crystal structure of u-OR, the other 16 are from the inactive
structure (Table S2).
The number of Class A conserved contacts, and the number and
energy of interhelical hydrogen bonding are improved after
SuperBiHelix sampling. The all-zero structure with the same
rotation and tilting as the X-ray crystal structure of active u-OR is
ranked as topA8. The Active hotspot analysis using currently
available X-ray of Class A GPCRs Y shows that some 10 of the
top25 SuperBiHelix ensemble contain mainly active contacts
(Table S3). The X-ray template of the active u-OR bound to
agonist has the most active hotspot contacts of 7, while the X-ray
template the inactive u-OR bound to antagonist has the most
inactive hot spot contacts of 7. The X-ray template for the inactive
8-OR and p-OR has the most Class A contacts of 39. The highest
hydrogen bond (HB) number increased through SuperBihelix (20
to 27 for Inter HB, 39 to 46 for Tot HB). The best HB Energy was
also improved (-55.25 to -62.43 for Inter HB E, -138.97 to -146.30
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Table 1. Binding energy, % activation, and ECso of 14 compounds at 10 pM at hOPRM for Top 10 structures from the unified cavity energy (UCav) and the binding
energy (BE) with ligand solvation (BE-Solv) rank from R-group screening. The table was ranked by % activation. The experiments show 19 to be the most active.

4
Method Compound R1 R2
VSl 4

De novo 13

UCav1 14 m-Cl p-NO2-Bn

UCav2 15 m-Cl m-MeO-Bn

UCav3 16 m-Cl naphthalen-2-ylmethyl

UCav4 17 oCl m-MeO-Bn

UCavb 18 pCl m-MeO-Bn

UCavé 19 m-Cl Pp-MeSO2-Bn

UCav7 20 m-Cl naphthalen-2-yimethyl

UCav8 21 oCl naphthalen-2-yimethyl

UcCav9 22 p-Cl naphthalen-2-yimethyl
UCav10 23 oCl naphthalen-2-ylmethyl

Method Compound R1 R2

BE-Solv1 24 m-Cl p-NO2-phenethyl
BE-Solv2 25 m-Cl p-MeO- phenethyl
BE-Solv3 26 pCl p-MeO- phenethyl
BE-Solv4 27 oCl p-MeO- phenethyl
BE-Solv5 28 oCl CH2CH2CN
BE-Solvé 29 mCl CH2CH2CN
BE-Solv7 30 m-Cl isobutyl
BE-Solv8 31 m-Cl 2-(N-methyl pyrrolidin-2-yl)ethyl
BE-Solv9 32 mCl CH2CHCI
BE-Solv10 33 p-Cl isobutyl

Ry

13 R-group of 13
R3 UCav! BE-Solv 9 % activationld ECso (nM)
-35.87 -55.44 50 +£9.37 602 +33.35
-31.74 -43.17 62.20 £ 11.81
H -43.57 -38.70 N.Std
Dimethyl -42.26 -41.96 94.07 £ 1.33 235 £ 32.62
H -42.17 -38.54 46.07 + 2.36
Dimethyl -41.85 -41.58 N.S
Dimethyl -40.85 -41.76 N.S
Dimethyl -40.61 -41.36 100.01 + 13.65 179 £21.83
Dimethyl -40.07 -40.47 64.95 + 7.04
H -40.06 -36.33 N.S
H -40.00 -39.75 46.81+6.18
Dimethyl -39.57 -40.19 N.S
R3 UCav BE-Solv % activation ECso (nM)
Dimethyl -52.08 -39.31 N.S
Dimethyl -46.68 -36.77 48.52 +0.14
Dimethyl -46.39 -35.01 55.88 + 5.92
Dimethyl -46.36 -36.22 57.84 +10.82
Dimethyl -46.00 -34.17 N.S
Dimethyl -45.94 -34.04 87.00 + 8.94 1,450 + 360
Dimethyl -45.94 -28.16 44.11 +9.39
Dimethyl -45.89 -35.80 42.15 + 6.07
Dimethyl -45.65 -32.20 N.S
Dimethyl -45.58 -26.56 79.17 £ 0.76 940 + 43.37

[a] VS: Virtual screening, [b] UCav: unified cavity E is the nonbond energy between the ligand and the union of all protein residues within a constant cutoff distance
of the ligand in all the complexes, [c] BE: vertical binding energy, snap binding E= complex E-protein E-ligand E. [d] All biological data were normalized compared
to positive control DAMGO (3.7 uM) [e] N.S: not synthesized. All biological data were obtained by triplet testing and presented as the mean + standard error of the

mean (SEM).

for Sum HB E). The Class A contact number also increased from
39 to 40. Thus, the Top25 models exhibit a mixture of active and
inactive ensembles. The predicted pu-OR structure exhibit the
conserved TM hydrogen bond networks common to Class A
GPCRs.[? The polar hydrogen bonding between L261 (5.65)
backbone oxygen and R278 (6.31) is observed for 8 out of 25
structures. Consistent with traditional models of Class A GPCR
activation, the active ensemble structures of u-OR show TM5-6
interactions which are shown in Class A GPCRs. Using the same

methods, we predicted the ensemble of 25 structures for k-OR
(See Table S4-S5 in supporting information, Sl).

Molecular Docking Studies

The in-house GIST database was developed to contain diverse
heterocyclic core structures. To generate and visualize 3D
conformers of molecules in the GIST data set, we used the design
libraries tools in Discovery Studio 3.5. All generated ligands were
energy minimized using the CHARMm (Chemistry at HARvard
Macromolecular Mechanics) force field. These databases were

This article is protected by copyright. All rights reserved.
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used for further structure-based virtual screening with our
predicted active pu-OR conformation. To predict the optimum
ligand binding site to each of the 25 protein conformations from
the GEnSeMBLE procedure, we used the DarwinDock method to
calculate the docking energy values of UCavE and SnapBE,
which previously used to predict ligand-protein structures for

vs W erHE | ILE
227 J 3143 | sizan

5287
MET
3:142

TYR
2:130

7324
TYR

Figure 2. Predicted ligand-protein structures of compound 4 by molecular
docking studies. (A) the superimposition of kappa (yellow) and mu (green)
opioid receptor bound with compound 4, (B) the binding site of kappa opioid
receptor, and (C) the binding site of mu opioid receptor. The H-bond is
represented by the arrows between the donor and the acceptor. Residues within
4 A of ligand are shown on the corresponding 2D ligand interaction diagram
displayed on the right. For clarity, only polar hydrogen atoms were shown. Here
the color code is that dark blue is charged, light blue is polar amino acid, green
is nonpolar hydrophobic amino acid, and orange is glycine.

many GPCRs. After this initial screening, we selected
compound 4 to be synthesized. We used 12 steps overall with
poor yield. We found that compound 4 showed 50% activation of
u-OR at 10 uM compared to the DAMGO positive control, using
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fluorescence-based assays (Figure S1). However, for k-OR we
observed no agonist activity (-1% at 10 uM) but good antagonist
activity (84% at 30 pM). The detailed synthetic procedures of
compound 4 are described in the Scheme S1.

To understand the agonism of u-OR and antagonism of k-OR, we
analysed the predicted binding pose of Compound 4. (Figure 2)
The common interactions are a salt bridge (SB) interactions from
D3.32 residue. However, the orientation and the conformation of
the ligands are different. The n-r interaction of 4 with the H6.52
residue in u-OR is replaced with Y3.33 residue in k-OR. There is
an additional HB of the phenolic hydroxyl group to the unique
W?7.35 residue in p-OR (Y7.35 residue in k-OR or L7.35 residue
in 3-OR). However, the K5.39 residue forms an HB with this
hydroxyl group in k-OR. Because of the different orientation, the
A2.53 residue and Q2.60 residue interactions are observed only
in u-OR. Thus, various residues in the binding cavity and different
conformations of pu-OR leads to a favourable binding pose for
Compound 4. Compound 4 in p-OR prefers to bind to active
structures #13 from SuperBihelix, while it binds to inactive
structure #14 in x-OR. Thus, these docking studies to subtypes of
the OR explain fully why Compound 4 is an antagonist for k-OR
and an agonist for u-OR. The best docking pose of u-OR with 4
has UCavE of -35.87 and SnapBE of -69.76 kcal/ mol. Compared
to the inactive x-OR (UCavE: -45.40, SnapBE: -63.10 kcal/ mol),
p-OR shows better SnapBE. In summary, Compound 4 prefers to
bind to the active structure in u-OR, while it binds to the inactive
structure in k-OR.

Summarizing, we discovered that compound 4 is a novel partial
agonist for u-OR and an antagonist for k-OR. Next, we used de
novo design with our predicted structure for compound 4 to
simplify the synthetic process while increasing overall yield. We
replaced the para-hydroxyl benzyl by a phenethyl group and we
replaced the hydroxyl group at 7 position by a methoxy group in
the isoquinoline ring. This modified compound 13 still shows 50%
activation for u-OR and 10% activation for k-OR at 10 uM
concentration (Table 1). Fig. S2 shows the docking result of
compound 13. The common interactions are a SB interaction from
D3.32 residue. There is an additional HB of the Nitrogen in the
ring to Q2.60 residue in u-OR. The =n-winteraction of 13 was
shown at the H6.52 residue in pu-OR.

To improve the activity and selectivity of compound 13, we carried
out R-group screening as follows:

1) At the R1 position (phenyl ring), we considered Cl at three
positions: ortho, meta, and para)

2) At the R2 position, we considered 56 commercially available
groups as summarized in Figure S3)

3) For the R3 position, we considered three cases: methyl and
benzyl substitution or no substituent.

For lead optimization we calculated the binding energy for all
3x56x3=504 cases to human p-OR (topA-02). In each case we
applied SCREAM (Side Chain Rotamer Excitation Analysis
Method) 23 to optimize the conformations for all residues in the
binding site for all cases. The UCavE and the BE with solvation
(BE-Solv) of the resulting ligand-protein complexes were
calculated after 100 steps of energy minimization. Then we
selected five compounds from the Top 10 of UCavE ranking and
seven compounds from the Top 10 of BE-Solv ranking in the bold
face in Table 1.

Chemistry

This article is protected by copyright. All rights reserved.
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Based on the predictions from computer-aided molecular design,
we synthesized candidate compounds as shown in Scheme 1
and S1. The detailed synthetic procedures of initial hit compound
4 and common intermediates 5 and 6 are described in Scheme
S1. The synthesis of 13 derivatives selected from de novo design
and R-group screening results at u-OR is depicted in Scheme 1.
Briefly, cyclization of the pyrazole intermediate, 6, with various
benzaldehydes using microwave irradiation gave 7a-c. After O-
demethylation using reactions using thionyl chloride and 2M
ammonia solution in THF, respectively to provide 9a-c. The final
dimethyl amino derivatives, 15, 19, 20, 25-27, 29-31 and 33 were
obtained by reductive amination reactions with formaldehyde
(12a-c) and N-alkylations of pyrazole moieties with various R:
groups. For the synthesis of final primary amine derivatives, 13,
16 and 22, the primary amines of 9a-c were first protected with
Boc group (10a-b), alkylation reactions (11a-c) and de-protection
of the Boc group were accomplished.

15,19, 20,
25-27,29-31, 33

12a-c

/‘
x
R,

13,16, 22

10a-b

a Ry= m-Cl d: R;= p.cl, R,= naphthalen-2-ylmethyl
biRy=p-Cl € Ry;=m-Cl, Ry= naphthalen-2-ylmethy!
¢ Ry=0-Cl

Scheme 1. Reagents and conditions : (a) Ethyl methoxy acetate, potassium
tert-butoxide, THF, rt, 2 h; (ii) Hydrazine hydrate, Acetic acid, MeOH, reflux, 4
h; (c) Various benzaldehyde, TFA, Microwave irradiation, 140°C, 2 h; (d) BBrs,
DCM, 0°C, 4 h; (e) Thionyl chloride, reflux, 2 h then 2M NHz solution, THF 1 h;
(f) 37% formaldehyde in water, sodium cyanoborohydride, acetic acid, DCE, rt,
3 h; (g) Cesium carbonate, various halide, DMF, rt; (h) Boc-anhydride, TEA,
DCM, rt, 1 h; (i) 2-bromomethyl naphthalene, cesium carbonate, DMF, rt, 4 h;
() TFA, DCM, 0°C, 1 h.

Biological Evaluation of Synthesized Compounds

The predicted compounds from R-group screening were tested
for agonist activity using a calcium flux FLIPR assay. In this assay,
all 14 synthesized compounds showed activation of human p-OR
signal at the concentration of 10 uM. (Table 1 and Figure 3A).
Particularly, compounds 15 and 19 promoted as much activity as
DAMGO (94% and 100% of 3.7 pM DAMGO activity, respectively).
The remaining 12 compounds showed partial agonism of u-OR in
calcium flux FLIPR assay. The four most effective compounds (15,
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19, 29, and 33) were further tested for the concentration-
dependency to calculate ECs values (Figure 3B). Among them,
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Figure 3. (A) Relative agonist activity of human p opioid receptor (u-OR) in
calcium flux FLIPR assay at the concentration of 10 uM of compounds
suggested by R-group screening, (B) The dose-response activation of the
selected compounds at human p-OR. Agonist activity was normalized to that of
3.7 uM DAMGO. All data were obtained by triplet testing and the error bars are
the mean (SEM)
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Figure 4. Agonist activity in B-arrestin recruitment assay at the concentration of
10 uM. Agonist activity was normalized to that of 3.7 uM of DAMGO. All data
were obtained by triplet testing and the error bars are standard deviations.
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Compound 19 displayed the best efficacy with an ECs value of
179 nM. In addition, the best u-OR agonists, Compound 15 and
19, showed no kx-OR or 38-OR agonism (See Supporting
information). All 14 compounds that displayed pu-OR agonism
were tested at concentration of 10 uM for B-arrestin recruitment
assay. All 14 showed minimal B-arrestin recruitment compared to
DAMGO (Figure 4). This result indicates that the new series of
pyrazoloisoquinioline derivatives are Gi-biased agonists for p-OR.

In Vivo Experiment of Compound 15 and 19

We investigated the in vivo analgesic effects of newly developed
u-OR biased agonists, compound 15 and 19, for the initial proof
of concept in formalin induced pain animal models. Subcutaneous
injection of 50 pL of 5% formalin solution was performed into the
plantar surface of the hind paw to induce nociception 10 mins after
pre-treatment with 10 pg of compound 19 and 30 ug of compound
15, respectively. The morphine (3 ng) was used as a positive
control. The behavioural responses were measured by counting
the number of rat flinches for 1 min periods from 1 to 2 min, 5 to
6 min and every 5 min from 10 to 60 min. Both compounds
displayed significant analgesic effects at the phase Il period of
inflammatory pain with more than 80 % reduction (Figure 5).

180 4[| Vehicle

o I compound 19 (10 pg/ul) I
J I compound 15 (30 pgrul) l
140 -

120 4

Flinches

100-‘
80-
60-‘

40-

20:

Smal |

Early Phase {Phase I} Late Phase (Phase Il)

Figure 5. Reduced pain behavior in formalin injection test. Animals were pre-
treated with vehicle (white, n = 4), compound 15 at 30 ug/10 pL (red, n=4) and
19 at 10 ug/10 pL (blue, n=4). Results are presented as the mean + standard
error of the mean (SEM).

Binding Pose Analysis of Compound 19

Figure 6A and B shows the predicted binding pose of 19 in u-OR.
The major interactions are a SB between the protonated amine of
the ligand and the D149 (3.32) residue. There is also a n- =
interaction of the diphenyl ring of 19 with the Y150 (3.33) residue
in u1-OR. However, the orientation of phenyl ring is different from
compound 4. The methane sulfonyl benzyl moiety of compound
19 is directed toward TM2 rather than TM7. Superimposing
compound 19 into the binding site of the conventional p-OR
agonist, BU72, in green (Figure 6C) and the biased p-OR agonist,
PZM-21, in yellow (Figure 6D), we see that this methyl sulfoxide
phenyl ring overlaps the thiophene ring of PZM-21 (Figure 6D).
Based on the similarity to the PZM-21 binding site, we expected
compound 19 to be a Gi-protein biased pu-OR agonist like PZM-
21. Indeed, this was validated by the B-arrestin recruitment assay
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in Figure 4. The additional binding site at the upper TM2 seems
to be critical to exhibit Gi-protein biased agonism. This is plausible
since binding or stabilizing the upper TM2 might affect the stability
of TM1-2-7 network connecting to helix 8 and the C-terminal end
that is an anchoring site of the B-arrestin.

NS

Figure 6. Binding site and comparisons of compound 19 with other u-OR
agonists. (A) the binding site for u-OR, (B) 2D ligand interaction diagram, and
superimposition with (C) the conventional u-OR agonist, BU72, in green and (D)
the biased p-OR agonist, PZM-21, in yellow. The H-bond is represented by the
arrows between the donor and the acceptor. Residues within 4 A of ligand are
shown on the 2D ligand interaction diagram displayed on the right. For clarity,
only polar hydrogen atoms are shown.

Conclusions

In summary, we used ensemble docking based on the predicted
ensemble of 25 predicted best GPCR packings (from
GEnSeMBLE) to predict active conformation of p-OR for in silico
lead discovery. This was followed by experimental testing of the
best cases to find new lead compound 4 with a novel
pyrazologiunoline scaffold exhibiting has ECso = 602 nM with a
maximum 50% activity for u-OR. Then we applied R-group
computational optimization with the predicted binding site for 504
combinations. This was followed by experimental screening of 14
cases to discover compound 19: a fully active agonist with an
ECso of 179 nM at p-OR and biased activity for all 14. This led to
our discovery of the new pyrazolo[3,4-c]isoquinoline derivatives
as Gi-protein biased full agonists at p-OR, constituting new
candidates for u-OR pharmacology, distinct from such
conventional nonbiased agonists as morphine. We further
validated the in vivo analgesic effects of two new Gi-biased p-OR
agonists using the formalin induced nociception model studies in
rats. We found significant analgesic effects of both compounds.
This combined computational in silico optimization with
experimental synthesis and characterization procedure
successfully developed novel selective biased agonists for p-OR
provides an improved strategy to search for diverse new
promising compounds. We expect that this procedure will be
useful for other GPCR targeting drug developments.
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Experimental Section

DarwinDock

For each of the 25 protein conformations and each of the 10-20 ligand
conformations obtained for conformational search, we generated
iteratively ~50,000 poses spanning the putative binding regions of the
bulky residue-alanized protein. These poses were generated in
increments of 5,000 and clustered into Voronoi families based on RMSD
until <2% new families are generated. The family heads were scored
using the Dreiding force field?¥ and the top10% by total energy were
selected. Then we calculated the binding energy of all the members of
these top 10% of families and selected the lowest 100 poses for further
optimization. At this point the protein side chains were de-alanized using
SCREAM®! to find the optimum side chains for each of the 100 poses.
Then we neutralized the protein and the ligand by transferring protons
appropriately within SB and protonating or deprotonating exterior ligands,
followed by further full geometry minimization. The final docked structure
with the best binding energy was selected.

Materials

Starting materials, reagents, and solvents were purchased from
commercial suppliers and used as supplied without further purification.
Thin layer chromatography (TLC) was performed on fluorescent silica gel
plates (60 F253 from Merck) and visualized with either short wave ultra
violet light at 254nm or 365nm. Microwave irradiation and conventional
heating systems were achieved using Anton-paar Monowave 400 and
Monowave 50, respectively. Chromatography purifications were achieved
using kieselgel 60 (Merck) 0.040-0.0636 mm column chromatography.
1H NMR was recorded on a JEOL JNM-ECX 400P spectrometer at 400
MHz and spectra were taken in CDCls and DMSO-ds. All NMR data were
processed by ACD NMR Processor Academic version. Chemical shifts
are expressed as ppm and coupling constants in Hz. Data were reported
as follows: chemical shift, multiplicity (s, singlet; d, doublet; t, triplet; dd,
doublet of doublet; ddd, doublet of doublet of doublet; m, multiplet),
integration, and coupling constant.

4-(3,4-dimethoxyphenyl)-3-(methoxymethyl)-1H-pyrazol-5-amine (6)

The compound 5 (500 mg, 2 mmol) was fully dissolved in methanol with
3% acetic acid and then hydrazine hydrate (2 ml) was added dropwise
with stirring. The reaction mixture was refluxed at 150°C for 4 h then
cooled gradually to ambient temperature. The solvent was removed
under reduced pressure and purified by silica gel column
chromatography with MeOH:CHCls (5%) to yield 6 as a yellow solid. *H
NMR (400 MHz, CDCls) 6 6.96 (d, J=1.83Hz, 1 H), 6. 95 - 6.92 (m, 1 H),
6.91-6.87 (m, 1 H), 4.45 (s, 2 H), 3.90 (s, 3 H), 3.91 (s, 3 H), 3.40 (s, 3
H).

General Procedure | for the preparation of compounds (7a-c)
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To a microwave tube charged with chloro-substituted benzaldehyde (100
mg, 0.710 mmol) and compound 6 (150 mg, 0.592 mmol) in
trifluoroaceticacid (2 ml) was added. The reaction was irradiated at
140°C for 2 h in the microwave apparatus, cooled to room temperature.
The reaction mixture was concentrated in vacuo and dried to afford (7a-
c) compound as a pale-yellow solid.

5-(3-chlorophenyl)-7,8-dimethoxy-1-(methoxymethyl)-3H-
pyrazolo[3,4-clisoquinoline (7a)

Compound 6 was reacted with 3-chlorobenzaldehyde according to the
general procedure |, to yield the compound 7a as a pale yellow solid. *H
NMR (400 MHz, CDCls) 8 8.00 (s, 1 H), 7.75 - 7.73 (m, 1 H), 7.62 (ddd,
J=6.30, 2.40, 1.60 Hz, 1 H), 7.54 - 7.50 (m, 2 H), 7.42 (s, 1 H), 5.04 (s, 2
H), 4.14 (s, 3 H), 3.87 (s, 3 H), 3.50 (s, 3 H).

5-(4-chlorophenyl)-7,8-dimethoxy-1-(methoxymethyl)-3H-
pyrazolo[3,4-clisoquinoline (7b)

Compound 6 was reacted with 4-chlorobenzaldehyde according to the
general procedure |, to yield the compound 7b as a pale yellow solid. *H
NMR (400 MHz, CDCls) 4 8.00 (s, 1 H), 7.71 - 7.66 (m, 2 H), 7.58 - 7.53
(m, 2 H), 7.42 (s, 1 H), 5.03 (s, 2 H), 4.13 (s, 3 H), 3.87 (s, 3 H), 3.49 (s,
3 H).

5-(2-chlorophenyl)-7,8-dimethoxy-1-(methoxymethyl)-3H-
pyrazolo[3,4-clisoquinoline (7c)

Compound 6 was reacted with 2-chlorobenzaldehyde according to the
general procedure |, to yield the compound 7c as a pale yellow solid. H
NMR (400 MHz, CDCls) 6 8.00 (s, 1 H), 7.63 - 7.57 (m, 1 H), 7.55 - 7.45
(m, 3 H), 7.00 (s, 1 H), 5.05 (d, J=1.60 Hz, 2 H), 4.14 (s, 3 H), 3.81 (s,
3H), 3.52 (s, 3 H).

General Procedure Il for the preparation of compounds-
demethylation

(5-(3-chlorophenyl)-7,8-dimethoxy-3H-pyrazolo[3,4-c]isoquinolin-1-
yl)methanol (8a)

The compound 7a (30 mg, 0.078 mmol) was dissolved in
dichloromethane (3 mL) under argon atmosphere then 1 M boron
tribromide in dichloromethane solution was added dropwise at 0 °C. The
resulting mixture was kept in ice bath for 4 h and quenched with
saturated aqueous ammonium chloride and extracted with
dichloromethane 3 times. The organic layers were combined and dried
with anhydrous Na2SOa. After Na2SO4 was removed, the organic layer
was concentrated under reduced pressure and purified by silica gel
column chromatography with MeOH:CHClIs (5%) to afford 8a as a yellow
solid. *H NMR (400 MHz, DMSO-ds) § 8.06 (s, 1 H), 7.80 - 7.74 (m, 2 H),

This article is protected by copyright. All rights reserved.



ChemMedChem

7.66 - 7.62 (M, 2 H), 7.37 (s, 1 H), 4.95 - 5.01 (m, 2 H), 4.01(s, 3H), 3.75
(s, 3H).

(5-(4-chlorophenyl)-7,8-dimethoxy-3H-pyrazolo[3,4-clisoquinolin-1-
yl)methanol (8b)

Followed by the procedure Il, compounds 8b were obtained from
compounds 7b. *H NMR (400 MHz, DMSO-de) & 8.06 (s, 1 H), 7.80 - 7.74
(m, 2 H), 7.66 - 7.62 (m, 2 H), 7.37 (s, 1 H), 4.95 - 5.01 (m, 2 H), 4.01(s,
3H), 3.75 (s, 3 H).

(5-(2-chlorophenyl)-7,8-dimethoxy-3H-pyrazolo[3,4-c]isoquinolin-1-
yl)methanol (8c)

Followed by the procedure II, compounds 8c were obtained from
compounds 7¢. *H NMR (400 MHz, DMSO-ds) & 8.06 (s, 1 H), 7.71 - 7.66
(m, 1 H), 7.63-7.54 (m, 3 H), 6.83 (s, 1 H), 5.00 (br.s., 2 H), 4.01 (s,
3H), 3.63 (s, 3H).

General procedure Ill —amination followed by chlorination

(5-(3-chlorophenyl)-7,8-dimethoxy-3H-pyrazolo[3,4-c]isoquinolin-1-
yl)methanamine (9a)

The compound 8a (20 mg, 0.054 mmol) was added in SOCI2 (2 mL) and
refluxed at 80°C for 2 h. Excess SOCI, was removed under reduced
pressure. The residual dark-brown crystalline was dissolved in 3 mL of
tetrahydrofuran (THF), and 2 M ammonia solution in THF(1 mL) was
added. After being stirred at room temperature for 1 h, the reaction
mixture was diluted with ethyl acetate and quenched with aqueous 1N
HCI. The organic layer was separated and washed with brine twice and
dried with anhydrous Na2SOa. After Na2SO4 was filtered, solvent was
removed in vacuum. The residue was purified by silica gel column
chromatography with MeOH:CHClIs (2%) to afford 9a as an off-white
liquid. *H NMR (400 MHz, CDClz) § 7.96 (s, 1 H), 7.75 - 7.73 (m, 1 H),
7.63-7.59 (m, 1 H), 7.56 - 7.50 (m, 2 H), 7.43 (s, 1 H), 5.27 (s, 2 H),
4.15 (s, 3H), 3.88 (s, 3 H).

(5-(4-chlorophenyl)-7,8-dimethoxy-3H-pyrazolo[3,4-clisoquinolin-1-
yl)methanamine (9b)

Followed by the procedure Ill, compound 9b was obtained from
compound 8b. *H NMR (400 MHz, DMSO-ds) 5 8.08 (s, 1 H), 7.81 - 7.73
(m,2 H), 7.68 - 7.61 (m, 2 H), 7.37 (s, 1 H), 4.33 (s, 2 H), 4.04 (s, 3 H),
3.76 (s, 3 H).

(5-(2-chlorophenyl)-7,8-dimethoxy-3H-pyrazolo[3,4-clisoquinolin-1-
yl)methanamine (9c)
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Followed by the procedure Ill, compound 9¢c was obtained from
compound 8c. *H NMR (400 MHz, CDCl3) & 7.84 (s, 1 H), 7.42 - 7.64 (m,
4 H), 6.98 (s, 1 H), 4.56 (s, 2 H), 4.13 (s, 3 H), 3.79 (s, 3 H).

tert-butyl ((5-(3-chlorophenyl)-7,8-dimethoxy-3H-pyrazolo[3,4-
clisoquinolin-1-yl)methyl)carbamate (10a)

To a solution of compound 9a (90 mg, 0.244 mmol) in dichloromethane
(5 mL) was treated with di-tert-butyl dicarbonate (106 mg, 0.488 mmol)
and triethylamine (49 mg, 0.488 mmol). The reaction mixture was stirred
at room temperature for 1 h. After the reaction was completed, the
residue was diluted with saturated aqueous ammonium chloride and
extracted with dichloromethane 3 times. The organic layer was dried over
anhydrous MgSQsg, filtered and concentrated under reduced pressure.
The crude materials were treated with diethyl ether and the mixture was
filtrated to obtain compound 10a as a pale-yellow solid. *H NMR (400
MHz, DMSO-de) 5 7.92 - 7.86 (m, 2 H), 7.82 - 7.75 (m, 2 H), 7.73 - 7.68
(m, 1 H), 7.67 - 7.59 (m, 2 H), 4.83 - 4.70 (m, 2 H), 4.06 (s, 3 H), 3.75 (s,
3H), 1.43 - 1.38 (m, 9 H).

tert-butyl ((5-(4-chlorophenyl)-7,8-dimethoxy-3H-pyrazolo[3,4-
clisoquinolin-1-yl)methyl)carbamate (10b)

To a solution of compound 9b (90 mg, 0.244 mmol) in dichloromethane
(5 mL) was treated with di-tert-butyl dicarbonate (106 mg, 0.488 mmol)
and triethylamine (49 mg, 0.488 mmol). The reaction mixture was stirred
at room temperature for 1 h. After the reaction was completed, the
residue was diluted with saturated aqueous ammonium chloride and
extracted with dichloromethane 3 times. The organic layer was dried over
anhydrous MgSOyg, filtered and concentrated under reduced pressure.
The crude materials were treated with diethyl ether and the mixture was
filtrated to obtain compound 10b as a pale-yellow solid. *H NMR (400
MHz, CDClz) 8 7.76 (s, 1 H), 7.72 - 7.63 (m, 2 H), 7.60 - 7.52 (m, 2 H),
7.41 (s, 1H), 5.06 — 4.95 (m, 2 H), 4.17 (s, 3 H), 3.85 (s, 3 H), 1.52 - 1.46
(m, 9 H).

tert-butyl ((5-(2-chlorophenyl)-7,8-dimethoxy-3H-pyrazolo[3,4-
clisoquinolin-1-yl)methyl)carbamate (10c)

To a solution of compound 9¢ (90 mg, 0.244 mmol) in dichloromethane
(5 mL) was treated with di-tert-butyl dicarbonate (106 mg, 0.488 mmol)
and triethylamine (49 mg, 0.488 mmol). The reaction mixture was stirred
at room temperature for 1 h. After the reaction was completed, the
residue was diluted with saturated aqueous ammonium chloride and
extracted with dichloromethane 3 times. The organic layer was dried over
anhydrous MgSQy, filtered and concentrated under reduced pressure.
The crude materials were treated with diethyl ether and the mixture was
filtrated to obtain compound 10c as a white solid. *H NMR (400 MHz,
CDCls) 8 7.78 (s, 1 H), 7.62 - 7.57 (m, 1 H), 7.53 - 7.45 (m, 3 H), 7.00 (s,
1 H), 5.04 - 4.95 (m, 2 H), 4.17 (s, 3 H), 3.80 (s, 3H), 1.53 - 1.45 (m, 9 H).
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Tert-butyl ((5-(3-chlorophenyl)-7,8-dimethoxy-3-(naphthalen-2-
ylmethyl)-3H-pyrazolo[3,4-clisoquinolin-1-yl)methyl)carbamate (11d)

To a solution of compound 10b (40 mg, 0.085 mmol) in dried DMF in the
presence of cesium carbonate (55 mg, 0.170 mmol) was added 2-
(bromomethyl)naphthalene (37.5 mg, 0.170 mmol). After the mixture was
stirred at room temperature for 3 h, the solvent was removed in vacuo.
The residue was taken up in solution of saturated aqgueous ammonium
chloride and extracted with ethyl acetate twice. The combined extract
was dried with anhydrous Na2SOu, filtered and evaporated. The residue
was purified by silica gel column chromatography with MeOH:CHCls (1%)
to afford 11d as a pale-yellow oily liquid. *H NMR (400 MHz, CDCls) &
7.87-7.73 (m, 6 H), 7.64 - 7.61 (m, 1 H), 7.53 - 7.41 (m, 6 H), 5.89 (s, 2
H), 5.10 (br. s., 1 H), 4.95 (d, J=5.50 Hz, 2 H), 4.15 (s, 3 H), 3.86 (s, 3 H),
1.45 (s, 9 H).

Tert-butyl ((5-(4-chlorophenyl)-7,8-dimethoxy-3-(naphthalen-2-
ylmethyl)-3H-pyrazolo[3,4-clisoquinolin-1-yl)methyl)carbamate (11e)

To a solution of compound 10a (40 mg, 0.085 mmol) in dried DMF in the
presence of cesium carbonate (55 mg, 0.170 mmol) was added 2-
(bromomethyl)naphthalene (37.5 mg, 0.170 mmol). After the mixture was
stirred at room temperature for 4 h, the solvent was removed in vacuo.
The residue was taken up in solution of saturated agueous ammonium
chloride and extracted with ethyl acetate twice. The combined extract
was dried with anhydrous Naz2SOs, filtered and evaporated. The residue
was purified by silica gel column chromatography with MeOH:CHCls (1%)
to afford compound 11e as a transparent liquid. *H NMR (400 MHz,
CDCls) 6 7.81 - 7.74 (m, 5 H), 7.73 - 7.67 (m, 2 H), 7.58 - 7.52 (m, 2 H),
7.49 -7.42 (m, 4 H), 5.88 (s, 2 H), 5.11 (br. s., 1 H), 4.94 (d, J=5.50 Hz, 2
H), 4.16 (s, 3 H), 3.86 (s, 3 H), 1.45 (s, 9 H).

General procedure IV —reductive amination

1-(5-(3-chlorophenyl)-7,8-dimethoxy-3H-pyrazolo[3,4-c]isoquinolin-
1-yl)-N,N-dimethylmethanamine (12a)

To a solution of compound 9a (200 mg, 0.54 mmol) in 1,2-dichloroethane
with 5% acetic acid, sodium cyanoborohydride (340 mg, 1.62 mmol) was
added followed by 37% formaldehyde in water (300 pL, 3.8 mmol) and
stirred at room temperature for 3 h. The crude reaction mixture was
guenched with saturated aqueous sodium bicarbonate and extracted with
dichloromethane twice. The combined organic layer as dried with
anhydrous Na2SOa. After Na2SO4 was filtered, solvent was removed in
vacuum. The residue was purified by silica gel column chromatography
with MeOH:CHClz (2%) to give 12a as a colourless liquid. *H NMR (400
MHz, CDCls) 6 8.43 (s, 1 H), 7.76 - 7.73 (m, 1 H), 7.64 - 7.59 (m, 1 H),
7.55-7.48 (m, 2 H), 7.41 (s, 1 H), 4.15 (s, 3 H), 3.98 (s, 2 H), 3.88 (s, 3
H), 2.42 (s, 6 H).

1-(5-(4-chlorophenyl)-7,8-dimethoxy-3H-pyrazolo[3,4-c]isoquinolin-
1-yl)-N,N-dimethylmethanamine (12b)
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Following the general procedure IV, compound 12b was obtained from
compound 8b. *H NMR (400 MHz, CDCls) § 8.43 (s, 1 H), 7.73 - 7.67 (m,
2 H), 7.59 - 7.53 (m, 2 H), 7.41 (s, 1 H), 4.15 (s, 3 H), 3.99 (s, 2 H), 3.87
(s, 3H),2.42 (s, 6 H).

1-(5-(2-chlorophenyl)-7,8-dimethoxy-3H-pyrazolo[3,4-c]isoquinolin-
1-yl)-N,N-dimethylmethanamine (12c)

Following the general procedure IV, compound 12¢ was obtained from
compound 8c. *H NMR (400 MHz, CDCl3) 8 8.40 (s, 1 H), 7.57 - 7.61 (m,
1H), 7.46 - 7.53 (m, 3 H), 6.98 (s, 1 H), 4.14 (s, 3 H), 3.99 (d, J=4.27 Hz,
2 H), 3.80 (s, 3 H), 2.43 (s, 6 H).

(5-(4-chlorophenyl)-7,8-dimethoxy-3-phenethyl-3H-pyrazolo[3,4-
clisoquinolin-1-yl)methanamine (13)

A solution of compound 11c (17 mg, 0.029 mmol) in dichloromethane (5
mL) was cooled to 0°C, and trifluoroaceticacid (1 mL) was slowly added.
Upon completion of reaction, the mixture was concentrated under
reduced pressure. The residue was taken up in solution of saturated
aqueous sodium bicarbonate and extracted dichloromethane 3 times.
The combined organic layer was dried with anhydrous Na2SOa. After
Na>S04 was filtered, solvent was removed in vacuum. The residue was
purified by silica gel column chromatography with MeOH: ammonia
saturated CHCI3 (1%) to afford 13 as a brown liquid. *H NMR (400 MHz,
MeOH-d4) 8 7.66 (s, 1 H), 7.55 - 7.58 (m, 4 H), 7.33 (s, 1 H), 7.03 - 7.13
(m, 5 H), 4.72 - 4.77 (m, 2 H), 4.44 (m, 2 H), 4.08 (s, 3 H), 3.76 (s, 3 H),
3.20 (t, J=7.02 Hz, 2 H)

1-(5-(3-chlorophenyl)-7,8-dimethoxy-3-(3-methoxybenzyl)-3H-
pyrazolo[3,4-clisoquinolin-1-yl)-N,N-dimethylmethanamine (15)

To a solution of compound 12a (40 mg, 0.085 mmol) in dried DMF in the
presence of cesium carbonate (55 mg, 0.170 mmol) was added 3-
methoxybenzyl bromide (26.2 mg, 0.130 mmol). After the mixture was
stirred at room temperature for 1.5 h, the solvent was removed in vacuo.
The residue was taken up in solution of saturated aqgueous ammonium
chloride and extracted with ethyl acetate twice. The combined extract
was dried with anhydrous Na2SO, filtered and evaporated. The residue
was purified by silica gel column chromatography with MeOH:CHCls (1%)
to afford compound 15 as a white liquid (yield = 81%). *H NMR (500
MHz, CDClz) & ppm 8.38 (s, 1 H), 7.74 - 7.76 (m, 1 H), 7.62 (ddd, J=6.42,
2.26,1.59 Hz, 1 H), 7.49 - 7.51 (m, 2 H), 7.41 (s, 1 H), 7.20 (t, J=8.07 Hz,
1H), 6.906.92 (m, 2 H), 6.77 - 6.79 (m, 1 H), 5.75 (s, 2 H), 4.13 (s, 4 H),
3.96 (s, 2 H), 3.87 (s, 3 H), 3.74 (s, 3 H), 2.40 (s, 6 H). 13C NMR (126
MHz, CDClz) & ppm 157.87 (s, 1 C), 157.45 (s, 1 C), 153.63 (s, 1 C),
147.82 (s, 1 C), 143.25 (s, 1 C), 141.77 (s, 1 C), 139.09 (s, 1 C), 138.73
(s,1C), 134.50 (s, 1 C), 130.06 (s, 1 C), 129.58 (s, 1 C), 129.52 (s, 1 C),
129.46 (s, 1 C), 128.92 (s, 1 C), 128.78 (s, 1 C), 128.46 (s, 1 C), 128.03
(s,1C), 120.06 (s, 1 C), 113.72 (s, 1 C), 113.20 (s, 1 C), 105.49 (s, 1 C),
104.00 (s, 1 C), 56.18 (s, 1 C), 55.92 (s, 1 C), 55.92 (5,1 C), 49.90 (s, 1
C), 44.53 (s, 1 C), 44.53 (s,1 C), 40.99 (s, 1 C).
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(5-(3-chlorophenyl)-7,8-dimethoxy-3-(naphthalen-2-ylmethyl)-3H-
pyrazolo[3,4-clisoquinolin-1-yl)methanamine (16)

A solution of compound 11b (20 mg, 0.035 mmol) in dichloromethane (5
mL) was cooled to 0°C, and trifluoroaceticacid (1 mL) was slowly added.
Upon completion of reaction, the mixture was concentrated under
reduced pressure. The residue was taken up in solution of saturated
aqueous sodium bicarbonate and extracted dichloromethane 3 times.
The combined organic layer was dried with anhydrous Na2SOa. After
Na2S04 was filtered, solvent was removed in vacuum. The residue was
purified by silica gel column chromatography with MeOH: ammonia
saturated CHCIs (2%) to afford compound 16 as a yellow liquid. *H NMR
(400 MHz, CDClz) 6 7.71 (s, 1 H), 7.61 - 7.35 (m, 9 H), 7.15- 7.04 (m, 2
H), 6.91 - 6.78 (m, 1 H), 5.81 (s, 2 H), 4.47 (s, 2 H), 3.97 (s, 3 H), 3.86 (s,
3 H). 13C NMR (126 MHz, CDCl3) & ppm 157.67 (s, 1 C), 153.53 (s, 1 C),
147.84 (s, 1 C), 147.59 (s, 1C), 145.15 (s, 1 C), 141.86 (s, 1 C), 134.89
(s,1C),134.50 (s,1C), 133.29 (s, 1 C), 132.81 (s, 1 C), 130.10 (s, 1 C),
129.59 (s, 1 C), 128.88 (s, 1 C), 128.67 (s, 1 C), 128.28 (s, 1 C), 128.06
(s,1C),127.92 (s,1C), 127.62 (s,1 C), 126.91 (s, 1 C), 126.10 (s, 1 C),
125.99 (s, 1 C), 125.88 (s, 1 C), 118.29 (s, 1 C), 108.28 (s, 1 C), 106.64
(s,1C),103.71 (s,1 C), 77.22 (s, 1 C), 56.17 (s, 1 C), 55.92 (s, 1 C),
50.80 (s, 1 C), 41.33 (s, 1 C).

1-(5-(3-chlorophenyl)-7,8-dimethoxy-3-(4-(methylsulfonyl)benzyl)-
3H-pyrazolo[3,4-clisoquinolin-1-yl)-N,N-dimethylmethanamine (19)

To a solution of compound 12a (40 mg, 0.085 mmol) in dried DMF in the
presence of cesium carbonate (55 mg, 0.170 mmol) was added 4-
(methylsulfonyl)benzyl bromide (37.1 mg, 0.140 mmol). After the mixture
was stirred at room temperature for 1.5 h, the solvent was removed in
vacuo. The residue was taken up in solution of saturated aqueous
ammonium chloride and extracted with ethyl acetate twice. The
combined extract was dried with anhydrous Na2SOs, filtered and
evaporated. The residue was purified by silica gel column
chromatography with MeOH:CHClIs (1%) to afford compound 19 as a
white liquid (yield = 73%) *H NMR (400 MHz, CDCls-d) § ppm 8.37 (s, 1
H), 7.83 - 7.86 (m, 2 H), 7.69 (dt, J=1.95, 1.09 Hz, 1 H), 7.58 (ddd,
J=6.30, 2.40, 1.60 Hz, 1 H), 7.47 - 7.51 (m, 2 H), 7.42 - 7.46 (m, 2 H),
7.39(s, 1 H), 5.84 (s, 2 H), 4.12 (s, 3 H), 3.94 (s, 2 H), 3.85 (s, 3 H), 2.99
(s, 3 H), 2.38 (s, 6 H). 13C NMR (126 MHz, CDCl3) & ppm 157.99 (s, 1 C),
153.54 (s, 1 C), 147.92 (s, 1 C), 147.82 (s, 1 C), 143.76 (s, 1 C), 143.68
(s,1C), 141.68 (s, 1 C), 139.63 (5,1 C), 134.51 (s, 1 C), 129.96 (s, 1 C),
129.96 (s, 1 C), 129.63 (s, 1 C), 129.63 (s, 1 C), 128.97 (s, 1 C), 128.46
(s,1C), 128.46 (s, 1 C), 128.46 (s, 1 C), 127.96 (s, 1 C), 127.70 (s, 1 C),
118.56 (s, 1 C), 108.12 (s, 1 C), 107.94 (s, 1 C), 56.18 (s, 1 C), 55.92 (s,
1C), 55.92(s,1C),49.90 (s,1C), 44.53 (s, 1 C), 44.53 (s, 1 C), 40.99
(s,1C).

1-(5-(3-chlorophenyl)-7,8-dimethoxy-3-(naphthalen-2-ylmethyl)-3H-
pyrazolo[3,4-clisoquinolin-1-yl)-N,N-dimethylmethanamine (20)

To a solution of compound 12a (40 mg, 0.1 mmol) in dried DMF in the
presence of cesium carbonate (55 mg, 0.170 mmol) was added 2-
bromomethyl naphthalene (37.6 mg, 0.17 mmol). After the mixture was
stirred at room temperature for 2 h, the solvent was removed in vacuo.
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The residue was taken up in solution of saturated aqueous ammonium
chloride and extracted with ethyl acetate twice. The combined extract
was dried with anhydrous Naz2SOs, filtered and evaporated. The residue
was purified by silica gel column chromatography with MeOH:CHCls (1%)
to afford compound 20 as a pale-yellow liquid. *H NMR (400 MHz,
CDCls) 6 8.37 (s, 1 H), 7.82 - 7.72 (m, 5 H), 7.65 - 7.60 (m, 1 H), 7.53 -
7.40 (m, 6 H), 5.93 (s, 2 H), 4.13 (s, 3 H), 3.96 (s, 2 H), 3.86 (s, 3 H),
2.40 (s, 6 H). 13C NMR (126 MHz, CDCl3) & ppm 153.29 (s, 1 C), 147.89
(s,1C), 147.57 (s, 1 C), 141.95 (s, 1 C), 135.02 (s, 1 C), 134.46 (s, 1 C),
133.30 (s, 1 C), 132.77 (s, 1 C), 131.94 (s, 1 C), 131.12 (s, 1 C), 130.10
(s,1C), 129.59 (s, 1 C), 129.59 (s, 1 C), 128.81 (s, 1 C), 128.21 (s, 1 C),
128.06 (s, 1 C), 127.90 (s, 1 C), 127.90 (s, 1 C), 127.60 (s, 1 C), 126.70
(s,1C), 126.05 (s, 1 C), 125.82 (s, 1 C), 124.85 (s, 1 C), 118.36 (s, 1 C),
108.02 (s, 1 C), 107.88 (s, 1 C), 56.07 (s, 1 C), 55.90 (s, 1 C), 55.90 (s, 1
C), 50.78 (s, 1 C), 45.33 (s, 1 C), 45.33 (s, 1 C).

1-(5-(4-chlorophenyl)-7,8-dimethoxy-3-(naphthalen-2-ylmethyl)-3H-
pyrazolo[3,4-clisoquinolin-1-yl)methanamine (22)

A solution of compound 11a (20 mg, 0.035 mmol) in dichloromethane (5
mL) was cooled to 0°C, and trifluoro acetic acid (1 mL) was slowly added.
Upon completion of reaction, the mixture was concentrated under
reduced pressure. The residue was taken up in solution of saturated
aqueous sodium bicarbonate and extracted dichloromethane 3 times.
The combined organic layer was dried with anhydrous Na2SOa. After
Na>S0s was filtered, solvent was removed in vacuum. The residue was
purified by silica gel column chromatography with MeOH: ammonia
saturated CHCIs (2%) to afford compound 22 as a brown liquid. *H NMR
(400 MHz, CDClg) 4 7.67 - 7.62 (m, 2 H), 7.59 - 7.51 (m, 3 H), 7.48 - 7.41
(m, 2 H), 7.41-7.35(m, 2 H), 7.14 - 7.05 (m, 2 H), 6.83 (br. s., 1 H), 5.81
(S, 2H), 4.45 (br. s., 2H), 3.99 (s, 3 H) 3.86 (s, 3 H). 3C NMR (126 MHz,
CDCl3) 6 ppm 157.05 (s, 1 C), 153.49 (s, 1 C), 147.90 (s, 1 C), 147.56 (s,
1C), 145.19(s, 1 C), 138.58 (s, 1 C), 134.96 (s, 1 C), 134.92 (s, 1 C),
133.29 (s,1 C), 132.80 (s, 1 C), 131.26 (s, 1 C), 131.26 (s, 1 C), 128.67
(s,1C), 128.67 (s,1C), 128.27 (s,1 C), 127.88 (s, 1 C), 127.88 (s, 1 C),
127.63 (s, 1 C), 126.82 (s, 1 C), 126.09 (s, 1 C), 125.94 (s, 1 C), 125.87
(s,1C), 118.33 (s, 1 C), 108.34 (s, 1 C), 106.54 (s, 1 C), 103.72 (s, 1 C),
56.17 (s, 1 C), 55.92 (s, 1 C), 50.80 (s, 1 C), 41.33 (s, 1 C).

1-(5-(3-chlorophenyl)-7,8-dimethoxy-3-(4-methoxyphenethyl)-3H-
pyrazolo[3,4-clisoquinolin-1-yl)-N,N-dimethylmethanamine (25)

To a solution of compound 12a (40 mg, 0.1 mmol) in dried DMF in the
presence of cesium carbonate (55 mg, 0.170 mmol) was added 4-(2-
chloroethyl)anisole (14.5 mg, 0.170 mmol). After the mixture was stirred
at room temperature for 1 h, the solvent was removed in vacuo. The
residue was taken up in solution of saturated agueous ammonium
chloride and extracted with ethyl acetate twice. The combined extract
was dried with anhydrous Na2SOu, filtered and evaporated. The residue
was purified by silica gel column chromatography with MeOH:CHCls (1%)
to afford compound 25 as a pale-brown liquid. *H NMR (500 MHz,
DMSO-ds) 8 ppm 8.20 (s, 1 H), 7.57 - 7.65 (m, 4 H), 7.29 (s, 1 H), 6.96
(m, J=8.80 Hz, 2 H), 6.68 (m, J= 8.80 Hz, 2 H), 4.65 (t, J=6.97 Hz, 2 H),
4.01 (s, 3 H), 3.86 (s, 2 H), 3.72 (s, 3 H), 3.62 (s, 3 H), 3.12 (t, J=6.97 Hz,
2 H), 2.27 (s, 6 H). 3C NMR (126 MHz, DMSO-ds) 5 ppm 158.18 (s, 1 C),
156.55 (s, 1 C), 153.39 (s, 1 C), 147.70 (s, 1 C), 147.52 (s, 1 C), 142.16
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(s,1C), 142.08 (s, 1 C), 133.71 (s, 1 C), 133.92 (s, 1 C), 130.84 (s, 1 C),
130.59 (s, 1 C), 130.16 (s, 1 C), 129.83 (s, 1 C), 129.09 (s, 1 C), 128.81
(s,1C),128.42 (s, 1 C), 117.58 (s, 1 C), 114.29 (s, 1 C), 113.94 (s, 1 C),
107.85 (s, 1 C), 107.32 (s, 1 C), 105.88 (s, 1 C), 56.04 (s, 1 C), 55.89 (s,
1C), 55.19 (s, 1 C), 55.19 (s, 1 C), 48.50 (s, 1 C), 45.26 (s, 1 C), 45.26
(s,1C),3550 (s, 1C).

1-(5-(4-chlorophenyl)-3-isobutyl-7,8-dimethoxy-3H-pyrazolo[3,4-
clisoquinolin-1-yl)-N,N-dimethylmethanamine (26)

To a solution of compound 12b (40 mg, 0.1 mmol) in dried DMF in the
presence of cesium carbonate (55 mg, 0.170 mmol) was added 4-(2-
chloroethyl)anisole (14.5 mg, 0.170 mmol). After the mixture was stirred
at room temperature for 1 h, the solvent was removed in vacuo. The
residue was taken up in solution of saturated aqueous ammonium
chloride and extracted with ethyl acetate twice. The combined extract
was dried with anhydrous Naz2SOs, filtered and evaporated. The residue
was purified by silica gel column chromatography with MeOH:CHCls (1%)
to afford compound 26 as a pale-brown liquid. *H NMR (400 MHz, CDCls)
8 8.34 (br. s., 1 H), 7.62 (m, J=8.56 Hz, 2 H), 7.53 (m, J=8.31 Hz, 2 H),
7.37 (s, 1H),7.09-7.03(m,2H),6.76 - 6.71 (m, 2 H), 4.76 (br. S., 2 H),
4.17 - 4.09 (s, 3H), 3.95 (br. s., 2 H), 3.85 (s, 3H), 3.73 (s, 3 H), 3.22 (t,
J=6.85 Hz, 2 H), 2.39 (br. s., 6 H). 13C NMR (126 MHz, CDCl3) & ppm
158.10 (s, 1 C), 153.13 (s, 1 C), 147.67 (s, 1 C), 147.42 (s, 1 C), 138.71
(s,1C), 134.75(s,1C), 131.19 (s, 1 C), 131.19 (s, 1 C), 131.19 (s, 1 C),
130.65 (s, 1 C), 129.89 (s, 1 C), 129.89 (s, 1 C), 129.89 (s, 1 C), 128.57
(s,1C), 128.57 (s, 1 C), 128.57 (s, 1 C), 118.20 (s, 1 C), 113.71 (s, 1 C),
113.71 (s, 1 C), 113.71 (s, 1 C), 107.95 (s, 1 C), 103.62 (s, 1 C), 56.04
(s,1C),55.89 (s,1C),55.19 (s, 1 C), 55.19 (s, 1 C), 48.50 (s, 1 C),
45.26 (s, 1 C), 45.26 (s, 1 C), 35.50 (s, 1 C).

1-(5-(2-chlorophenyl)-7,8-dimethoxy-3-(4-methoxyphenethyl)-3H-
pyrazolo[3,4-clisoquinolin-1-yl)-N,N-dimethylmethanamine (27)

To a solution of compound 12c (40 mg, 0.01 mmol) in dried DMF in the
presence of cesium carbonate (55 mg, 0.170 mmol) was added 4-(2-
chloroethyl)anisole (14.5 mg, 0.170 mmol). After the mixture was stirred
at room temperature for 1 h, the solvent was removed in vacuo. The
residue was taken up in solution of saturated aqueous ammonium
chloride and extracted with ethyl acetate twice. The combined extract
was dried with anhydrous Na2SOs, filtered and evaporated. The residue
was purified by silica gel column chromatography with MeOH:CHCls (1%)
to afford compound 27 as a transparent liquid. *H NMR (400 MHz,
CDCls) 6 8.31 (s, 1 H), 7.60 - 7.55 (m, 1 H), 7.49 - 7.44 (m, 2 H), 7.43 -
7.40 (m, 1 H), 7.04 (m, J=8.70 Hz, 2 H), 6.91 (s, 1 H), 6.74 - 6.68 (m, 2
H), 4.77 (t, J=7.56 Hz, 2 H), 4.12 (s, 3 H), 3.95 (s, 2 H), 3.77 (s, 3 H),
3.73 (s, 3 H), 3.22 (t, J=7.33 Hz, 2 H), 2.39 (s, 6 H). 3C NMR (126 MHz,
CDClIs) 8 ppm 158.05 (s, 1 C), 156.73 (s, 1 C), 153.29 (s, 1 C), 147.52 (s,
1C), 138.85 (s, 1 C), 133.40 (s, 1 C), 131.42 (s, 1 C), 130.57 (s, 1 C),
129.88~129.86 (s, 5 C), 129.79 (s, 1 C), 129.78 (s, 1 C), 126.82 (s, 1 C),
118.86 (s, 1 C), 113.69 (s, 1 C), 113.69 (s, 1 C), 113.62 (s, 1 C), 108.03
(s,1C),107.84 (s,1 C), 56.05 (s, 1 C), 55.82 (s, 1 C), 55.17 (s, 1 C),
55.17 (s, 1 C), 48.51(s,1C), 45.40 (s, 1 C), 45.25(s,1 C), 35.41 (s, 1
C).
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3-(5-(3-chlorophenyl)-1-((dimethylamino)methyl)-7,8-dimethoxy-3H-
pyrazolo[3,4-clisoquinolin-3-yl)propanenitrile (29)

To a solution of compound 12a (40 mg, 0.085 mmol) in dried DMF in the
presence of cesium carbonate (55 mg, 0.170 mmol) was added 3-
bromopropioinitrile (23.2 mg, 0.170 mmol). After the mixture was stirred
at room temperature for 1.5 h, the solvent was removed in vacuo. The
residue was taken up in solution of saturated agueous ammonium
chloride and extracted with ethyl acetate twice. The combined extract
was dried with anhydrous Na2SO;, filtered and evaporated. The residue
was purified by silica gel column chromatography with MeOH:CHCls (1%)
to afford compound 29 as a white liquid (yield = 60%). *H NMR (400
MHz, CDCls) 8 8.35 (s, 1 H), 7.75 (dt, 1 H), 7.62 (ddd, 1 H), 7.55 - 7.50
(m, 2 H), 7.39 (s, 1H), 4.88 (t, 2 H), 4.14 (s, 3 H), 3.98 (s, 2 H), 3.87 (s, 3
H), 3.08 (t, 2 H), 2.43 (s, 6 H). *C NMR (126 MHz, CDCls) § ppm 157.30
(s,1C), 153.49 (s,1 C), 147.80 (s, 1 C), 147.63 (s, 1 C), 141.63 (s, 1 C),
134.52 (s,1C), 129.94 (s, 1 C), 129.64 (s, 1 C), 128.98 (s, 1 C), 128.94
(s,1C),128.94 (s,1 C), 127.95 (s, 1 C), 118.60 (s, 1 C), 117.08 (s, 1 C),
108.27 (s, 1 C), 107.88 (s, 1 C), 105.51 (s, 1 C), 56.10 (s, 1 C), 55.89 (s,
1C),55.89(s,1C),45.31(s,1C), 45.31 (s, 1 C), 42.37 (s,1 C), 18.57
(s,1C).

1-(5-(3-chlorophenyl)-3-isobutyl-7,8-dimethoxy-3H-pyrazolo[3,4-
clisoquinolin-1-yl)-N,N-dimethylmethanamine (30)

To a solution of compound 12a (40 mg, 0.1 mmol) in dried DMF in the
presence of cesium carbonate (55 mg, 0.170 mmol) was added 1-bromo-
2-methyl propane (23.2 mg, 0.170 mmol). After the mixture was stirred at
room temperature for 1 h, the solvent was removed in vacuo. The
residue was taken up in solution of saturated aqueous ammonium
chloride and extracted with ethyl acetate twice. The combined extract
was dried with anhydrous Na2SOu, filtered and evaporated. The residue
was purified by silica gel column chromatography with MeOH:CHCls (1%)
to afford compound 30 as a yellow liquid. *H NMR (400 MHz, CDClz) &
8.34 (s, 1 H), 7.73 (t, J=1.83 Hz, 1 H), 7.61 (m, 1 H), 7.53 - 7.48 (m, 2 H),
7.40 - 7.37 (m, 1 H), 4.41 - 4.36 (m, 2 H), 4.13 (s, 3 H), 3.95 (s, 2 H),
3.86 (s, 3 H), 2.39 (s, 7 H), 0.96 - 0.91 (M, 6 H).*3C NMR (126 MHz,
CDCls) 6 ppm 157.58 (s, 1 C), 153.54 (s, 1 C), 148.00 (s, 1 C), 147.70 (s,
1C), 142.42 (s,1C), 141.85(s, 1 C), 134.47 (s, 1 C), 130.01 (s, 1 C),
129.58 (s, 1 C), 128.87 (s, 1 C), 128.40 (s, 1 C), 128.03 (s, 1 C), 118.24
(s,1C), 108.15 (s, 1 C), 106.83 (s, 1 C), 103.99 (s, 1 C), 60.12 (s, 1 C),
56.21 (s, 1 C), 56.21 (s, 1 C), 55.90 (s, 1 C), 54.20 (s, 1 C), 54.20 (s, 1
C), 29.40 (s, 1 C), 20.08 (s, 1 C), 20.08 (s, 1 C).

1-(5-(3-chlorophenyl)-7,8-dimethoxy-3-(2-(1-methylpyrrolidin-2-
yl)ethyl)-3H-pyrazolo[3,4-c]isoquinolin-1-yl)-N,N-
dimethylmethanamine (31)

To a solution of compound 12a (10 mg, 0.021 mmol) in dried DMF in the
presence of cesium carbonate (14 mg, 0.045 mmol) was added 2-(2-
bromoethyl)-1-methylpyrrolidine (5.8 mg, 0.043 mmol). After the mixture
was stirred at room temperature for 1.5 h, the solvent was removed in
vacuo. The residue was taken up in solution of saturated aqueous
ammonium chloride and extracted with ethyl acetate twice. The
combined extract was dried with anhydrous Na2SOs, filtered and
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evaporated. The residue was purified by silica gel column
chromatography with MeOH:CHClIs (1%) to afford compound 31 as a
white liquid (yield = 62%) *H NMR (400 MHz, DMSO-ds)  8.07 (s, 1 H),
7.76 (s, 1 H), 7.73-7.69 (m, 1 H), 7.65 — 7.60 (m, 2 H), 4.98 (t, 2 H),
4.01 (s, 3H), 3.87 (s, 2 H), 3.75 (s, 3H), 3.62 (s, 3H), 3.15 (q, 2 H), 2.27
(s, 6 H), 2.18 - 1.63 (m, 6H).

1-(5-(4-chlorophenyl)-3-isobutyl-7,8-dimethoxy-3H-pyrazolo[3,4-
clisoquinolin-1-yl)-N,N-dimethylmethanamine (33)

To a solution of compound 12b (40 mg, 0.1 mmol) in dried DMF in the
presence of cesium carbonate (55 mg, 0.170 mmol) was added 1-bromo-
2-methyl propane (23.2 mg, 0.170 mmol). After the mixture was stirred at
room temperature for 1 h, the solvent was removed in vacuo. The
residue was taken up in solution of saturated aqueous ammonium
chloride and extracted with ethyl acetate twice. The combined extract
was dried with anhydrous Naz2SOs, filtered and evaporated. The residue
was purified by silica gel column chromatography with MeOH:CHCls (1%)
to afford compound 33 as a pale-yellow liquid. *H NMR (400 MHz,
CDCls) 6 8.34 (s, 1 H), 7.70 - 7.66 (m, 2 H), 7.57 - 7.52 (m, 2 H), 7.39 (s,
1H), 4.37 (d, J=7.33 Hz, 2 H), 4.12 (s, 3H), 3.95 (s, 2 H), 3.85 (s, 3 H),
2.53-2.33(m, 7 H), 0.96 - 0.88 (m, 6 H). 3C NMR (126 MHz, CDCls) §
ppm 157.58 (s, 1 C), 153.54 (s, 1 C), 148.00 (s, 1 C), 147.70 (s, 1 C),
142.42 (s, 1 C), 141.85 (s, 1 C), 134.47 (s, 1 C), 130.01 (s, 1 C), 129.58
(s,1C), 128.87 (s, 1 C), 128.40 (s, 1 C), 128.03 (s, 1 C), 118.24 (s, 1 C),
108.15 (s, 1 C), 106.83 (s, 1 C), 103.99 (s, 1 C), 60.18 (s, 1 C), 56.21 (s,
1C), 56.21 (s,1C), 55.91 (s, 1 C), 55.91 (s, 1 C), 54.20 (s, 1 C), 29.40
(s,1C), 20.05 (s, 1 C), 20.05 (s, 1 C).

Biological assay for opioid receptor agonism

The predicted compounds were tested for agonist activity using an
intracellular calcium release assay. HEK/Gal5 stable cell line (Millipore)
expressing Gal5 protein to measure intracellular Ca?* ion release upon
receptor activation was transfected with opioid receptor genes (u-OR1 or
k-OR1). The compound solution was diluted with Ca?* buffer solution to
give 0.1% final concentration in cells. Positive controls such as
DynorphinA for k-OR agonist and DAMGO for u-OR agonist were
prepared same method of the compound. On the day before the assay,
frozen cell was re-suspended in fresh media and seeded at 5*10™4/well,
100mL/well in 96-well plate. Cells were cultured overnight at 37°C with
5% COz2. The calcium dye was loaded into cells at 100 uL/well. The
assay plates were incubated at 37°C for 2 h. Assay plates were then
placed onto the FLIPR tetra fluorescence plate reader for treating 50 uL
of the compounds solution and positive controls and measuring the
changes of intracellular calcium efflux response to the opioid receptor
activation. For each compound, concentration response profiles were
established by measuring the fluorescence every second from ten
seconds before treating compound for 60 seconds and determining the
peak effect (maximum-minimum). A dose response curve was plotted
with the change in Relative Fluorescence Units (ARFU) vs.
concentration.

Biological assay for opioid receptor antagonism
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The predicted compounds were tested for antagonist activity using an
intracellular calcium release assay. HEK/Gal5 stable cell line (Millipore)
expressing Gal5 protein to measure intracellular Ca?* ion release upon
receptor activation was transfected with opioid receptor genes (u-OR1 or
k-OR1). The compound solution was diluted with Ca?* buffer solution to
give 0.1% final concentration in cells. For antagonist assay, on the day
before the assay, frozen cell was re-suspended in fresh media and
seeded at 5*10"4/well, 100 uL/well in 96-well plate. Cells were cultured
overnight at 37°C with 5% COx. After 1 h the calcium dye loaded into the
wells, each compound was treated for 10 uM of working concentration.
The assay plates were incubated at 37°C for additional 1 h. Assay plates
were then placed onto the FLIPR tetra fluorescence plate reader for
treating 50 pL of the 0.08 mg/mL dynorphin solution for k-OR 1 (or 0.2
mg/mL DAMGO for intracellular Ca?* ion release upon receptor activation
was transfected with opioid receptor genes (u-OR 1) and measuring the
changes of intracellular calcium efflux response to the opioid receptor
activation. For each compound, relative fluorescence units (RFU) were
established by measuring the fluorescence every second from ten
seconds before treating agonist for 60 seconds and determining the peak
effect (maximum-minimum). %inhibition was calculated with mean value
of background treated (100%) and agonist only treated (0%).

B-arrestin recruitment assay

PathHunter GPCR B-arrestin recruitment assays are whole-cell functional
assays that directly measure GPCR activity by detecting the interaction
of B -arrestin with activated GPCR using B -galactosidase (B -gal)
enzyme fragment complementation. Assays are proceeded using the
PathHunter B-Arrestin GPCR Cell Lines and specific PathHunter
Detection, Cell Plating (CP) reagents. Cells are harvested using selective
cell detachment reagent and added CP reagent. Cell suspension were
centrifuged for 3 minutes at 1500 RPM at room temperature and
supernatant were removed. (Resuspend cells of CP reagent at a
concentration of 2.5x [10] 75 cells / mL). Transfer 20 uL of the cell
suspension to each well of micro plate and incubate for overnight at
37°C, 5% CO:.. Dissolve each agonist compound dissolved in DMSO to
the desired concentration, add 5 pl to each well, and incubate at 37°C for
90 minutes. Prepare the PathHunter detection reagent, add 12 uL to the
each well, and incubate at room temperature for 60 mins. Assays plates
were placed on to the luminescence plate reader and read
chemiluminescent signal.

Animal preparation for Formalin test

All experimental protocols were reviewed and approved by the
Institutional Animal Care and Use Committee of Chonnam National
University. Adult male Sprague-Dawley rats (250 - 300 g) were used in
the present study. Animals were housed four to a cage and kept in a
vivarium maintained at 22°C with a 12 h: 12 h alternating light/dark cycle.
All rats received food and water ad libitum. All test drugs were
intrathecally administered. Thus, rats were implanted with intrathecal
catheters under sevoflurane anesthesia. An 8.5-cm-long polyethylene-
10catheter was advanced caudally, through an incision in the cisternal
membrane, to the thoracolumbar level of the spinal cord. The exterior
portion of the catheter was secured at the skull via subcutaneous
tunnelling, and was closed with a 30-gauge wire. The skin was sutured
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with 3-0 silk. After catheter implantation, rats were housed in individual
cages. Only animals with no evidence of neurological deficits developing
after catheter implantation were included in the present study; such rats
were housed individually. The behavioral study was performed 5 days
after intrathecal catheterization.

Formalin test

The formalin test was carried out as a nociceptive behavioral test.
Subcutaneous injection of 50 uL of 5% formalin solution was performed
into the plantar surface of the hind paw using a 30-gauge needle. The rat
displayed inherent abnormal behavior following formalin injection as
follows a rapid and brief withdrawal or flexion of the injected paw. This
peculiar behavior was called as flinching response and regarded as a
painful response. Such pain behavior was therefore quantified by
periodically counting the number of flinching of the injected paw. The
number of flinches was counted for 1 min periods from 1 to 2 min, 5 to 6
min and every 5 min from 10 to 60 min. Because of the biphasical pattern
of the flinching response after formalin injection, the interval from 0-9 min
and the interval from 10-60 min were divided into phase 1 and phase 2 of
the formalin test, respectively. Upon completion the test, the rats were
euthanized with volatile anesthetics.

Scream

SCREAM®23 was developed to find the optimum side-chain
conformations of residues to avoid bad conflicts for residues on different
backbones while optimizing favourable HB and SB interactions.
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To discovery of Gi-protein biased opioid receptor agonist, we build active homology models from a vast number of potential packings
(20 trillion) of opioid receptors and processed structure-based drug design. Novel pyrazolo[3,4-c]isoquinoline derivatives were
synthesized through the step-by-step computational optimization and the compound 19 displayed a selective activation of human mu
opioid receptor with minimal B-arrestin recruitment.
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