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Abstract

Transient receptor potential melastatin 2 (TRPM2E&*-permeable cationic channel, plays
critical roles in insulin release, cytokine prodant body temperature regulation and cell death as
reactive oxygen species (ROS) and temperature sdtieaever, few TRPM2 inhibitors have been
reported, especially TRP-subtype selective inhibjtavhich hampers the investigation and validation
of TRPM2 as a drug target. To discover novel TRPMRibitors, 3D similarity-based virtual
screening method was employed, by which 2,3-dihygireazolin-4(H)-one derivativeH1 was
identified as a TRPM2 inhibitor. A series of no2eB-dihydroquinazolin-4)-one derivatives were
subsequently synthesized and characterized. Tileilbifory activities against the TRPM2 channel
were evaluated by calcium imaging and electrophygio approaches. Some of the compounds
exhibited significant inhibitory activity, espedylD9 which showed an I§ of 3.7 uM against
TRPM2 and did not affect the TRPM8 channel. Thersanized structure-activity relationship (SAR)
provides valuable insights for further developmaingpecific TRPM2 targeted inhibitors.
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1. Introduction

Transient receptor potential (TRP) channels beltong novel family of cationic ion channels
with strong impacts on cellular functions and slgtapathways [1]. The mammalian TRP channel
superfamily is composed of 28 members that are pgrdunto six subfamilies based on their
homology of amino acid sequences [2,3]. Transiexgeptor potential melastatin (TRPM), a
subfamily of TRP channels, contains eight subtypascan be divided into four pairs based on their
homology: TRPM1/TRPM3; TRPM2/TRPMS8; TRPM4/TRPM5 afdRPM6/TRPM7 [4]. The
TRPM2 channel is a multifunctional nonselectiveiaratchannel that is expressed in a range of
tissues including brain, bone marrow, spleen, hdéadr and lung [2,4]. As a ROS sensor, TRPM2
plays important roles in a variety of cells, cdmiting to cellular functions including insulin rake,
cytokine production, cell motility, endothelial hggpermeability and cell death [5,6]. Moreover, it
also functions as an important temperature semsa@ subpopulation of hypothalamic neurons,
monitoring internal body temperature [7,8]. Therefahe TRPM2 channel has been reported to be
involved in many pathological processes such alersta/reperfusion injury [9], diabetes [10],
neurodegeneration [11], cardiovascular disease$ §I®l chronic inflammation [5,13]. Mice
knockout studies have shown that inhibition of TRPMduced CA1 pyramidal neuronal death and
memory impairment in a bilateral common caroticegrtocclusion (BCCAO) model [14], reduced
inflammatory markers in bleomycin-induced lung amimation [13], and attenuated inflammatory
and neuropathic pain in various pain models [15kr€fore, development of TRPM2 inhibitors will
not only provide direct molecular tools for the phacological researches related to this channel, bu
also lead to therapeutic advances for diseasesateeddy this channel.

Activation of the TRPM2 channel has been widelydstd, which provides us information for
the design of its inhibitors. The C terminus of WRPchannel has a NUDT9 homology (NUDT9-H)
domain that is homologous to the NUDT9 adenosipbasphate ribose (ADPR) hydrolases0%
similarity) [6]. And the TRPM2 channel has beenvya to be primarily activated by binding of
ADPR to the NUDT9-H domain [16], of which the bindipocket has been revealed by one of our
recent work [17]. Besides, as a redox-sensitivancel TRPM2 can also be activated by agents that
produce reactive oxygen species (ROS) such as ¢gdrperoxide (bD,), although the mechanism
of action remains debatable [18].

Several TRPM2 inhibitors have been reported withilbitory activities at micromolar levels,
among which are imidazole or anthranilic acid datiles, such as econazole, clotrimazole [19],
flufenamic acid (FFA) [20,21], 2-(3-methylphenyl) mmobenzoic acid (3-MFA) [21],
N-(p-amylcinnamoyl) anthranilic acid (ACA) [22] and Paaoethoxydiphenyl borate (2-APB) [23]
(Fig. 1). However, most of these compounds lacki§pgy, especially considering that the TRPMS8
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channel has high homology with TRPM2. For instaradtqjough 20 uM ACA completely blocked
both ADPR-induced whole-cell currents angztinduced C4' signals (1Go = 1.7uM) in HEK293
cells transfected with human TRPM2, it also blockeel TRPM8 channel with an dgvalue of 3.9
uM (C&* signals) [22]. In addition, several nucleotide lagaes (Fig. 1) such as AMP [24,25],
8-bromoadenosine 'iphosphoribose (8-Br-ADPR) [26] and a series ghtBesized ADPR
analogues (i.e., 8-phenyl-@eoxyADPR and our recently discovered compowgal [27,28] have
also been reported as TRPM2 inhibitors. They ugdatiction as competitive inhibitors to block the
binding of ADPR to NUDT9-H domain [24-26]. For iasice, AMP inhibits TRPM2-mediated
currents with an Ig of about 70 uM as a negative feedback regulat@4[g@5]. Although these
nucleotide analogues are thought to selectivelipinRPM2, due to multiple hydroxyl groups and
negatively charged pyrophosphate group, its poanibnane permeability limited their application
[28,29]. Recently, scalaradial was identified as #ctive component in an extract @acospongia
that showed strong TRPM2 inhibitory activity, btitwas an indirect effect on the channel [30].
Therefore, discovery of novel TRPM2 inhibitors iequired to better understand the channel
functions and for the potential therapeutic develept of this class of agents.

3D similarity-based virtual screening is one of figand-based virtual screening (LBVS)
methods, which has resulted in the identificatidnm@any active compounds in drug discovery
programs [31]. In this study, AMP was used as thery structure in 3D similarity-based virtual
screening method to achieve scaffold hopping. Asesult, 2,3-dihydroquinazolin-4kl)-one
derivative H1 was discovered to be a novel TRPM2 inhibitor. Aiety of H1 derivatives were
further designed by modification of substitutedugre or positions on the scaffold to elucidate the
structure-activity relationship (SAR) and discovélire most active compounds. The TRPM2
inhibitory activities of all synthesized compoundgere assessed by calcium imaging and
electrophysiology approaches. In addition, the bitbry activities of the most active compounds
against TRPMS8 were also evaluated. Herein, we tapersynthesis and biological investigation of

these compounds, which will definitely promote tligcovery of novel specific TRPM2 inhibitors.
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Fig. 1. Chemical structures of some TRPM2 inhibitors.

2. Results and discussion
2.1. Virtual screening and biological evaluation

In an effort to discover novel inhibitors of TRPM3D shape- and electrostatic-based
similarity virtual screening approaches were emgtbyFig. 2A). The optimized conformation of
AMP (Fig. 2B) was used as query to search SPEC®:/(latww.specs.net/) and PKU_CNCL
(http://www.pkucncl.cn/) databases by ROCS 3.1.@gi@Eye Scientific Software, Inc) program. As
a result, the top 3,000 compounds were retaineddbas ‘Shape Tanimoto’ score in each structure.
EON 2.1.0 (OpenEye Scientific Software, Inc) wasnttemployed to calculate the electrostatic
distribution similarity of the retained compoundscarding to the original query, and the top 300
compounds were retained based on the ‘ET_pb’ sooeach structure. In the end, 600 compounds
were clustered and visually inspected. After thettsgtic feasibility was evaluated, 24 compounds
(Fig. S1, Table S1) were selected for biologicalleation.

Fluorescent calcium imaging was used to prelimipagvaluate the inhibitory activities of
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these 24 compounds in HEK293 cells stably exprgsdsuman TRPM2. After incubated with cells
for 30 min at a concentration of 3®1, compounddi1 andH18 significantly reduced bD,-induced
cd” fluorescence increase (Fig. S2). Whole-cell pateimp recordings were then performedHth
to further validate its inhibitory activity. Whenlded intracellularly and simultaneously with 504
ADPR,H1 showed no inhibition on ADPR induced TRPM2 curseatt either low (3@M) or high (1
mM) concentrations (Fig. S3). In contrast, extritat addition ofH1 at 30 uM resulted in a
reduction of TRPM2 current by 55% (Fig. S4). Thessults indicatedH1 was a novel extracellular
inhibitor of the TRPM2 channel.

AMP is one of the hydrolysis products of ADPR, gudentially represents an autoregulatory
negative feedback mechanism of TRPM2 activity. ifibitory activity of AMP is thought to be the
result of a competition for the NUDT9-H domain [28]. SinceH1 was identified by 3D similarity
virtual screening based on AMP structure, it shonltheory have a similar mode of action as AMP
that acts at the intracellular NUDT9-H domain. Heoee H1 only inhibits the TRPM2 current
extracellularly, which led us to hypothesize tlre are also extracellular binding sites for AMP o
the TRPM2 channel. Thus, whole-cell patch-clamporgiongs were used to investigate this
hypothesis. A concentration-dependent extracelialaibition by AMP on the TRPM2 currents was
indeed observed (Fig. S5).

Previous studies including ours indicated severatais or compounds inhibited TRPM2
activity through the extracellular pore region dRHM2 [32-34]. Considering that H995A is a key
residue involved in several metals induced TRPM#thiion or inactivation, while D964A has no
effect on TRPM2 function. To determine whethr and AMP interacted with the extracellular pore
region of the TRPM2 channel, we detected the effettHl and AMP on mutants of these two
residues as previously described [32]. Similar tlype (WT) TRPM2 channel, the inhibition by
H1 for the D964A mutant was rapid and about 50%. dnti@st, in cells expressing the H995A
mutant channel, substantial inhibition did not acou response to extracelluldil over several
minutes (Fig. 2D). On averagd]l resulted in a reduction of ADPR-induced currentgl® % and 4 %
for the D964A and H995A mutant channel, respegiivBlesidual currents were abolished by
subsequent application of pH = 5. We also testedirthibitory effect of AMP in the D964A and
H995A mutant channels, and it was similar to thaH& (Fig. 2E). These results implied that the

His*° residue was an important molecular determinantfezting on the TRPM2 channel the
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sensitivity to inhibition by extracellular AMP andl, suggesting that both these two compounds

shared the same mechanism in inhibiting TRPM2 tnounteracting with the extracellular pore

region.
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Fig. 2. 3D similarity-based virtual screening and inhititiof the TRPM2 current b1 in HEK293 cells stably
expressing human TRPM2. (A) Flow chart illustratitige virtual screening process. (B) The ROCS query
generated from optimized conformation of AMP. (Chetical structure oH1 is divided into four moieties
according to different rings. (D) and (E) Repreadmneé 500uM ADPR-induced currents for WT or indicated
mutants with extracellular treatment BfL and AMP in whole-cell electrophysiology recordindg3ata were
presented as mean £ SEM from six independent expats (n = 6), and NS were presented as no signtfic
difference for indicated comparisons, % 0.005.

2.2. Chemistry
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Further structural optimizations were performedHihto discover more active extracellular
inhibitors of the TRPM2 channel. Starting from thelecular structure ofil, we dividedH1 into
four moieties A, B, C and D according to the diiet rings for structural modifications (Fig. 2C).
The general synthetic routes for preparatiordf Class A B, C andD are described in Scheme 1-
Scheme 9.

Treatment of anthranilic acidslg-1q, 1w, 1x)with EDCeHCI and NHCI| or methyl
anthranilates Zr-2v) with NHz*H,O afforded anthranilic diamides4-3x) [35]. CompoundsH1,
Al1-A23 were obtained at 45%7% vyields from 3a-3x and commercially available
3-phenyl-H-pyrazole-4-carbaldehyddd) through cyclocondensation reaction under the gsitabf
cyanuric chloride (Scheme 1, Scheme 2) [36].

R" O

2
1a-1q R
NH, (©)
—_— RS
/ H2
j@L 3a-3v
H1, A1-A21
2r-2v
1a,3a, HI: R"=H,R?=H, R3=H R*=H 1i, 3i, A8: R"=H,R?=F,R®=H, R*=CH3 1p, 3p, A15:R'=H, R?=|, R®=H, R* =1
1b, 3b, A1: R'=H, R>=Cl, R®* = H, R* = CH, 1j, 3j, A9: R1—H R2=Cl, R3=H, R*=ClI 19, 39, A16: R'=H, R2=1, R®=H, R* = CH;
1c, 3¢, A2: R' = HR2 CLR®=H R*=H 1k, 3k, A10: R'=H, R2=Br, R® = H, R* = CH, 2r, 3r, A17:R' = HR2 H, R®=H, R*=CH,3
1d, 3d, A3: R'=H,R?=CH;, R®=H,R*=CH; 11,3l,A11:R'=H,R2=Br,R®=H, R*=0CH;  2s,3s,A18:R"=H, R?=CI, R®=H,R*=1
1e,3e, A R'=CI,R?=H,R®=H, R*=H 1m, 3m, A12: R'=H,R?=CH;3 R®=H R*=Br 2t,3t, A19:R'= HR2 H R®=Br,R*=H
1f, 3f, A5: R' = CH3, R?>=H, R®=H, R*=H 1n,3n, A13: R'=H, R2 F R®=H,R*=F 2u, 3u,A20: R'=H,R?>=Br,R®=H,R*=Br
1g,39,A6: R'=H, R?=H, R®=H, R*=Br 10,30, A14:R"=H,R?2=F R3=H,R*=Br 2v,3v,A21:R"=H,R?=F R®*=H,R*=H

1h, 3h, A7: R' = H, R?=H, R®=H, R* = NO,

Scheme 1Synthesis of compoundil, A1-A21. Reagents and conditions: (a). EDCeHCI, HOBt, /SH DIPEA,

DMSO, r.t,, 15 h; (b). NgtH,0O, 100°C, 12 h; (c)4a, cyanuric chloride, CkCN, MeOH or DMSO, r.t., 0.5-2 h.
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Scheme 2 Synthesis of compounds22, A23 Reagents and conditions: (a). EDCeHCI, HOBt, /,SH DIPEA,

DMSO, r.t,, 15 h; (b)4a, cyanuric chloride, DMSO, r.t., 0.5-2 h.

Cyclocondensation reactions were accomplished f@vand 5a or 5b by the catalysis of
2-morpholinoethanesulfonic acid in aqueous 50% rethdo form compoundsA24 or A25,

respectively(Scheme 3) [37].

o)
Xa NH, (a)
] . e
X1 “NH,
5a, 5b 4a A24, A25
5a: X;=NH, X, = N A24: X;=NH, X, =N
5b:X;=S, Xy = CH A25: X, =S, Xy = CH

Scheme 3 Synthesis of compoundg24, A25 Reagents and conditions: (a). 2-morpholinoethaf@msalacid, 50 %
EtOH (aq), 60°C, 3 h.

2-Aminobenzenesulfonamidé)(was reacted witda or 4e in the presence of Amberlyst-15

under ultrasound irradiation (40 KHz) to afford quoandsB1 or B2, respectively{Scheme 4) [38].

O\\ //O

S NH
(@)

\ //o

L
+
NH,

6 4a, 4e B1, B2
4a:R'=H B1:R'=H
4e:R'=Cl B2:R'=Cl

Scheme 4 Synthesis of compoundl, B2 Reagents and conditions: (a). Amberlyst-15, MeOt,40 min.
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Reactions of3a-3d, 3t or 3w with 4a under the catalysis of CuO at 12C produced
compound®$3-B8 (Scheme 5).

R'" © R'" O
R?2 2
NH, R NH

R3 NH, R3

3a-3d, 3t
(a) B3:R'=H,R?=H,R®=H,R*=H
+ - B3-B7 B4:R'=H,R?=Cl, R®=H, R*= CHs3
B5:R'=H,R>=C|,R®*=H,R*=H
o o B6: R'=H,R2=H, R®=H, R*=CHj,
4a B7:R'=H, R?=CHj, R®=H, R*=CH;,
| X NH, |
~
N~ "NH,
3w

Scheme 5Synthesis of compound3-B8. Reagents and conditions: (a). CuO, DMA, 20 24 h.

Treatment of substituted bromotoluenéa-e) with 1H-imidazole-4-carbaldehyde in the
presence of anhydrous p&0O; andtetra-n-butylammonium iodide producé#-8e[39], which were

then reacted witBa using cyanuric chloride as catalyst to afford coomusC1-C6 (Scheme 6).

OHCIN\ ©\)LNH
OHC_ B (a) (b) N
j[ X rAQ — N —— N1
N N
R1

7a-7e 8a-8e C1-C6

7a,8a,C1:R'=H

7b, 8b, C2: R' = m-Cl
7c, 8¢, C3: R' = p-OCHj4
7d, 8d, C4: R' = p-NH,
7e, 8e, C5: R" = p-Br

7f, 8f, C6: R' = p-Cl

Scheme 6 Synthesis of compoundsCl1-C6. Reagents and conditions: (a@). anhydrous ,Q@3,
tetra-n-butylammonium iodide, THF, refluxed, 3 h; (B®, cyanuric chloride, DMSO, r.t., 0.5-2 h.

Commercially available 1-(4-chlorobenzyliddmidazole-5-carbaldehyde was reacted V@i

in DMSO under the catalysis of cyanuric chloridetiord compoundC7 (Scheme 7).
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Scheme 7 Synthesis of compour@7. Reagents and conditions: (a). cyanuric chloride S0Mr.t., 2 h.

Pyrrole-2-carbaldehyde was reacted with N-bromasuoede in THF to give
4-bromo-H-pyrrole-2-carbaldehyde, which was converted tohdnyl-1H-pyrrole-2-carbaldehyde
(9) through Suzuki coupling reaction with phenylbaooracid under the catalytic system of
Pd(PPh)4[40]. Subsequently, compoui@B was prepared frorBa and9 through cyclocondensation

reaction under the catalysis of cyanuric chlori@eheme 8).
oHc R NH
oHc, K (@ OHC N () ) © H
L L= - /
Br

9 cs
Scheme 8 Synthesis of compoun@8. Reagents and conditions: (a). N-bromosuccinimidéf, T0°C, 15 min; (b).

phenylboronic acid, Pd(PBl K,COs, dioxane, water, 108, 24 h; (c).3a, cyanuric chloride, DMSO, r.t., 2 h.

Methyl aryl ketones1(0b-10h)were reacted with semicarbazide hydrochloride amuydrous
CH3;COONa in ethanol to afford semicarbazoriEh(11h) which were then formylated by reacting
with POCE-DMF complexto form 3-arylpyrazole-4-carboxaldehydegb{4h) [41]. Compounds
D1-D12 were obtained fron3a, 3b, 3k or 3s and 4b-4h through cyclocondensation reaction in the

presence of cyanuric chloride (Scheme 9).
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H
HsC.__O 2
3 \f (a) H3C _ N " o) OHC/C(N © )\f 12b 12c  12d-12h
R3

12d: R* = p-NO,
12e: R* = p-Cl

10b-10h 11b-11h 4b-4h D1-D12 12f: R* = p-Ph
12g: R*= 0-Br
12h: R* = p-Br

D1: R'=Cl, R?=CHj, R®=12b D7: R'=Cl, R?=CH3, R®=12h
D2: R'=Cl, R?=CH;, R®=12d D8: R'=Cl, R?=CH;, R®=12e
D3: R'=Cl, R?=CH;, R®=12¢ D9: R'=Br, R?=CH3, R®=12b
D4:R'=H,R?>=H,R®=12¢ D10: R" = Br, R? = CH3, R®=12d
D5: R'=Cl, R? = CH3, R®=12f D11:R'=Cl,R?=1,R®=12b
D6:R"=Cl, R?=CH3, R®=12g D12: R'=Cl,R?=1,R®=12d

Scheme 9 Synthesis of compound®1-D12 Reagents and conditions: (a). semicarbazide hytodh,
anhydrous CKCOONa, EtOH, reflux, 45 min, then methyl aryl ketoreflux, 1 h, then r.t., 10 h; (b). PQADMF,
0°C, 1 h, then semicarbazone, €D 1.5 h; (c)3a, 3b, 3k or 3s cyanuric chloride, MeOH or DMSO, r.t., 2 h.

2.3. Inhibitory activity and SAR

Totally, 53 compounds were synthesized and thejtogical activities were investigated.
Fluorescent calcium imaging was used to evalua thhibitory activities preliminarily, and 33 of
them obviously reduced 8,-induced C4' fluorescence increase (Fig. 3). Of them, 23 comgsu
reduced more than 50% €&luorescence increase compared with the vehielst¢d cells. Their
inhibitory activities against TRPM2 were then valeld using whole-cell patch-clamp recordings
(Table 1). At the concentration of 31, 9 compounds inhibited about 90% TRPM2 currentseir
inhibitory activities at 3uM were further tested. The concentration-dependesponse curves of
compounds that blocked more than half of the TRRZent at the concentration ofuB1 were
plotted to calculate 1§ values. Four compounds, i.&1, A10, D1 and D9, gave IG values of
3.7-5.1uM (Fig. 4, Fig. S6). The TRPM2 nonspecific inhilsiBCA was used as a positive control.

As shown in Fig. 3 and Table 1, when the benzemg of 2,3-dihydroquinazolin-4H)-one
was replaced with pyridine, imidazole and thiaz@@2-A25), no inhibitory activity was observed
for the resulting compounds. The introduction d&dyglnitryl or halogen substituent (Me, NCF, Cl,
or Br) into the 5-, 6-, 7- and 8-positions of th&-Aihydroquinazolin-4(#)-one A2, A4-A7, Al7,
A19 and A21) decreased the inhibitory activity compared witth. However, a strong inhibitory
activity (ICsp = 5.1 uM) was observed for 6, 8-position  disubstidu
2,3-dihydroquinazolin-4#)-one derivative A1) (6-chloro -8-methyl) (Fig. 4). To further invegdte
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the SAR of 6- and 8-position disubstituted 2,3-difoguinazolin-4(H)-one derivatives, these
positions were substituted with different group8,(A8-A16, A18, A20). We found compounél10
(6-bromo-8-methyl) and\18 (6-chloro-8-iodo) maintained the inhibitory actiyitparticularlyA10
showed an Igy value of 4.6 uM (Fig. S6). But the other derivaivexhibited less potency thed.
These results indicated that introduction of a cheor bromine atom at 6-position accompanied by
the presence of an iodine or methyl at 8-positi@enenfavorable for improving potency.

By replacing the carbonyl group at 4-position o th,3-dihydroquinazolin-4f)-one with
sulfonyl group, compound81 and B2 were formed but no inhibitory activity was observed
Meanwhile, the introduction of carbon-carbon doublends at the 1- and 2-position of the
2,3-dihydroquinazolin-4()-one was investigatedB8-B8). It was found that the inhibitory
activities were decreased. These results impliatittie scaffold of 2,3-dihydroquinazolin-4{}tone
is crucial for the inhibitory activity against TREM

Replacing pyrazole ring at 2-position of the 2,Bydiroquinazolin-4(#H)-one with imidazole
ring along with the presence of substituted bemgglup at 1’-position of imidazole ringC(-C6)
also resulted in no inhibitory activity. To maintaithe relative position of ring A and B
(2,3-dihydroquinazolin-4#)-one) and ring D (substituted benzyl group), coommb C7 with
substituted benzyl group at 5’-position of imidazadhg was synthesized, and a decreased inhibitory
activity was observed. Compout@B with a pyrrole ring exhibited less potency than gyeazole
ring compoundHKl1), suggesting the importance of pyrazole ring lf@r inhibitory activity.

To further study the SAR of pyrazole ring derivaBy various substituted derivatives at
3’-position of the pyrazole ring were investiga{@ill-D8). We found that: i) Removing the phenyl
group at 3’-position of pyrazole rindg8) exhibited lower inhibitory activity thaAl. ii) Replacing
the phenyl group at 3’-position of pyrazole ringtwhaphthyl group[@1) retained the inhibitory
activity (ICso= 4.0 uM) (Fig. S6). iii) Ap-bromophenyl substituent at 3’-position of pyrazadley
(D7) displayed higher potency than the correspondifliyomophenyl substituenfD6), which
indicated that compounds containipgsubstituted phenyl group could exhibit improvedilritory
activity. And compound?2 (p-nitrophenyl) showed improved inhibitory activitpropared withD7.
These results demonstrated that the introductionnabhthyl or p-nitrophenyl substituent at
3’-position of pyrazole ring retained the inhibijactivity.

The 6, 8-position disubstituted 2,3-dihydroquinazdi(1H)-one (6-bromine-8-methyl and



1 6-chlorine-8-iodine) and the 3’-position substitlf@gyrazole ring (naphthyl angtnitrophenyl) were

2 combined D9-D12) to generate more active inhibitors, and compoD®dexpectedly exhibited

3 strong inhibitory activity with an 1§ = 3.7 uM (Fig. S6). Subsequently, we tested thbitory

4 effect of D9 in the D964A and H995A mutant channels. It exledbiless potency in the D964A
5 mutant TRPM2 channel compared with the WT, and mfobitory activity was observed in the
6 H995A mutant TRPM2 channel (Fig. S7). These resultggested that both D964A and H995A were

7 critically involved in the inhibition by extracelar D9.
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Fig. 4. Inhibition of the TRPM2 currents b&1 in whole-cell patch-clamp recordings. (A) Repreatwve currents

of 500 uM ADPR-induced TRPM2 with extracellular treatmeritcompoundAl at different concentrations. (B)
Concentration-dependent inhibitory curve of commbuYl. Data were presented as mean = SEM from six
independent experiments (n = 6).

Table 1

Inhibition activity of selected compounds againBPM2 currents validated by whole-cell patch-clargpin

30 UM 3uM
compds - 1C 50 (LM)
Inhibition ( %) Inhibition (%)
H1 68.1+1.9% - -
Al 90.2+2.4% 46.4+2.8% 5.1
A2 27.942.2% - -
A3 60.5+4.1% - -
A8 42.7+5.5% - -
A10 92.8+0.3% 50.1+2.5% 4.6
All 50.4+4.5% - -
A13 37.247.0% - -
A17 39.2+1.4% - -
A18 89.4+3.9% 39.646.2% -
A21 34.8+0.9% - -
B3 28.742.1% - -
B6 21.2+1.2% - -

D1 90.2+4.8% 50.9+1.8% 4.0
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D2 90.4+1.5% 43.4+£3.6% --

D3 16.945.1% - -
D5 17.0+4.9% - -
D6 17.9+4.0% - -
D7 51.0+£7.2% - -
D8 10.3+2.9% - .
D9 - 48.7+5.1% 3.7
D10 - 42.1+3.7% --
D11 - 19.9+4.8% --
D12 - 34.9+7.1% --
ACA 89.1+3.2% 75.9+6.8% 0.32

Percent inhibition at a test concentration are niie8&M from six determinations (n = 6).

“--" not determined.

2,3-Dihydroquinazolin-4(#1)-one derivatives possess a chiral center on CRigosTo study
the influence of chirality on the TRPM2 inhibitoroperties, we performed chiral separation on
racemic A1 using chiral high-performance liquid chromatograpfHPLC) and obtained two
enantiomers oAl (Al-a: [a]y = -165.3 andAl-b: [a]y = +164.0).We then characterized the
absolute configuration oAl-a and Al-b by comparing experimental and calculated electroni
circular dichroism (ECD) spectra [42]. As indicatedFig. 5A, the calculated ECD spectrum of
R-Al was similar to the experimental ECD spectrunidfa. Therefore, the absolute configuration
of Al-a was confirmed to bR-Al. Similarly, the absolute configuration Afl-b was determined to
be S-Al. Whole-cell patch-clamp recordings were performed1, R-Al1 andS-Al, respectively, at
concentration of 3QM. Al, R-Al andS-Al showed similar inhibitory activity against TRPM2dF
5B), suggesting the chirality had no influence amitthibitory activity.
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Fig. 5. Determination of the absolute configurations ob tenantiomers oAl and inhibition of the TRPM2
currents byAl, R-A1 and S-‘Al in whole-cell patch-clamp recordings. (A) Deteration of the absolute
configurations of two enantiomers Afl via a comparison of the calculated ECD spectr&rfévl andS-Al with
the experimental ECD spectra fdt-a andAl-b. Calculated ECD spectra f¢Al at the B3LYP/6-31G* level in
MeOH solution with the IEFPCM model (green linegjaulated ECD spectra f&AL at the B3LYP/6-31G* level
in MeOH solution with the IEFPCM model (red lin€xperimental spectra fégkl-a in MeOH (dark blue line);
experimental spectra féxl-b in MeOH (yellow line). (B) Representative curremiith extracellular treatments of
30 uM A1l (purple), 30uM R-A1 (green) and 3@M S-Al (red) showed similar inhibitory activity. Data weer
presented as mean = SEM from six independent erpats (n = 6), and NS were presented as no signtfic
difference for indicated comparisons.

Taken together, we found that naphthyl at 3’-positimethyl at 6-position and chlorine or
bromine at 8-position of the 2,3-dihydroquinazdlifiH)-one were favorable for the inhibitory

activity. Moreover, the chirality had no influence imhibitory activity. Our investigation confirmed
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that 2,3-dihydroquinazolin-4()-one was a crucial scaffold, and the size andntate®n of the

substituents on the scaffold played key roles @itiibitory activity against TRPM2.

2.4. Inhibitory activity of Compoundsl, A10, D1 andD9 on the TRPMS8 channel
The TRPM8 channel is the closest related chann@RI#M2, and they share approximately

42% sequence identity [2]. The known non-nucleoJiB®M?2 inhibitors such as 2-APB and ACA
could also block the TRPM8 channel [22,43]. To eate the selectivity oAl, A10, D1 andD9, the

inhibitory activities of these compounds (3P1) on the TRPM8 channel were tested by whole-cell

patch-clamp recordings. TRPMS8 currents overexpess&lEK293 cells were activated by menthol

and blocked by 2-APB.

As shown in Fig. 6, compared with the control, agéllular addition oD1 andD9 showed no

significant effect on the TRPM8 currents, whiié andA10 resulted in a mild reduction of TRPM8

current by 27% and 19%, respectively. The intrataileffects of these compounds were also tested,

in which their applications in pipette exhibiteandar effects to that of the extracellular treatrgen

(Fig. S8). It is noteworthy that bofbl andD9 had a naphthyl group at the 3’-position of pyrazol

ring, whileAl andA10 each had a phenyl group at this position, sugggshiat the bulky naphthyl

group was unfavorable for the inhibition of TRPM&anel, and theubstitute group at 3’-position
of pyrazole ring played critical roles in the sty between the TRPM2 and TRPM8 channels.
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Fig. 6. Selectivity evaluations of extracellular 30 A1, A10, D1 and D9 on the TRPMS8 channel. (A)
Representative currents with extracellular treatsiex 30 uM compounds. (B) The effect of control with its
agonist (1 mM menthol) and inhibitor (0.1 mM 2-AP&) the TRPM8 channel (n = 5). (C) Mean peak cusren
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from recordings of (A) and (B), data were presergednean + SEM from five independent experiments §),
and ***P < 0.005.

3. Conclusion

In this study, we discovered a potent TRPM2 inbibi2,3-dihydroquinazolin-4¢)-one
derivativeH1 by 3D similarity-based virtual screening. FiftyleH1 derivatives were designed and
synthesized. Some of them exhibited strong inhipitactivity against the TRPM2 currents,
especially compoun®9 with an IG, value of 3.7uM. More importantly, this compound showed
specificity to the TRPM2 channel without affectithge TRPMS8 current. In addition, the summarized
SAR provided insights for the further developmeinsmecific TRPM2 inhibitors.

4. Experimental section
4.1. Materials and methods

All of chemicals and solvents used were obtainethftommercial sources. The solvents were
dried by standard procedures. Thin layer chromafyy (Silica gel GF254, Qingdao Haiyang
Chemical Co., Ltd, Qingdao, China) was employedntiitor reaction process, and silica column
chromatography was carried out to purify crude pobd(Silica gel 206300 mesh, Shanghai
Sanpont Co., Ltd, Shanghai, Chin#l. NMR spectra and®C NMR spectra were recorded at 400
MHz using Bruker Avance Il spectrometer (Bruker CQwitzerland) in CDGl or DMSOds
solution with tetramethylsilane as internal staddand chemical shift values were given in ppm. The
NMR data was processed by software MestReNovag\Xte@, mestrelab research S.L.). The splitting
peak was designed as s, singlet; d, doublet; dedhldaloublet; t, triplet; m, multiplet; br, broathe
high resolution mass (HRMS) was measured on FT-M&& APEX IV mass spectrometer.
4.2. Chemical synthesis
4.2.1. General procedure for the synthesis of cam@s3a-3x

The syntheses of compouris3x were mainly referred to literature method [35].

A mixture ofla-1q, 1w, 1x(2 mmol), EDCeHCI (575 mg, 3 mmol), HOBt (446 n&3 mmol),
NH,4CI (348 mg, 6.5 mmol) and DIPEA (2.3 mL, 13 mmal)DMSO (7 mL) was stirred at room
temperature for 15 h. The mixture was extracteth EH#OAc three times, and the combined organic

layers were washed with brine, dried over anhydriblasSQ,, filtered and concentrated under
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reduced pressure to affoBa-3q, 3w, 3x

A mixture of 2r-2v (2 mmol) and NRH20 (25-28 wt%, 80 mmol) in sealed tube was heated
at 100°C for 12 h. The mixture was cooled to room tempgeaand extracted with EtOAc three
times. The combined organic layers were washed lwitie, dried over anhydrous MOy, filtered
and concentrated under reduced pressure to &fedu.
4.2.2. General procedure for the synthesis of camgs4a—4h

The syntheses of compountis4h were mainly referred to literature method [41].

A mixture of semicarbazide hydrochloride (2 g, 1ihfol) and anhydrous GBOONa (2 g,
24.4 mmol) in EtOH (20 mL) was refluxed for 45 nand filtered while hotl0a-10h(16.6 mmol)
was added to the filtrate, and the mixture wasureitl for 1 h. The mixture was stirred at room
temperature for an additional 10 h, and the pretpithat formed was filtered and dried to afford
1l1a-11h

POCE (3.6 mL, 39 mmol) was added dropwise to dry DMHE (8L, 108 mmol) in ice bath,
and the mixture was stirred at’G for 1 h, followed by the addition dfla-11h(17 mmol) in small
portions. The mixture was heated at €D for 1.5 h and quickly poured onto ice (100 mlert
treated with 30% aqueous NaOH to adjust pH = &iffed for 30 min and neutralized with conc.
HCI. After stirred at room temperature for addiabri8 h, the resulting precipitate was filtered,

washed with water, recrystallized from water anedlto afford4a-4h

4.2.3. General procedure for the synthesis of camgsH1, A1-A23
Cyanuric chloride (0.15 mmol) was added to a mtir3a-3x (1 mmol) and4a (206 mg, 1.2

mmol) in CHCN, MeOH or DMSO (3 mL). The mixture was stirred@m temperature for 0.5-2 h.
After completion, the mixture was extracted witfOBL three times. The combined organic layers
were washed with brine, dried over anhydrousS@, filtered and concentrated under reduced
pressure. The crude product was purified by silggd column chromatography eluting with
CH,Cl,/MeOH (30/1) to affordH1, A1-A23.
4.2.3.1.
2-(3-Phenyl-1H-pyrazol-4-yl)-2,3-dihydroquinazodiiH)-one H1)

CHsCN was employed as the solvent. Off-white solicelti 66%. Mp 149151 °C. *H NMR
(400 MHz, DMSO¢) ¢ 13.24 (s, 0.5H), 13.09 (s, 0.5H), 8.16 (s, 1H)484€) 0.5H), 7.75 (s, 0.5H),
7.71-7.59 (m, 3H), 7.53-7.32 (m, 3H), 7.26)(, 7.6 Hz, 1H), 6.93 (s, 1H), 6.76—-6.71 (m, 2HY,%.
(d, J = 17.3 Hz, 1H)!*C NMR (101 MHz, DMSOdg) 6 164.6, 149.1, 133.6, 130.4, 129.3, 128.8,
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128.6, 128.0, 118.0, 116.1, 115.1, 60.7. HRMS {ESIF") calcd for GHisN4O [M+H]* m/z
291.1240, found 291.1242.
4.2.3.2.
6-Chloro-8-methyl-2-(3-phenyl-1H-pyrazol-4-yl)-2J8rydroquinazolin-4(1H)-oneAl)

MeOH was employed as the solvent. Off-white soffiéld: 54%. Mp 175177 °C.*H NMR
(400 MHz, DMSO#dg) 6 13.17 (s, 0.5H), 13.01 (s, 0.5H), 8.31 (s, 1H)47$§ 0.5H), 7.687.58 (m,
2H), 7.50-7.48 (m, 1.5H), 7.37 (df = 39.2, 7.1 Hz, 2H), 7.21 (d,= 1.8 Hz, 1H), 6.26 (d] = 29.6
Hz, 1H), 5.79 (dJ = 34.6 Hz, 1H), 2.05 (s, 3H}*C NMR (101 MHz, DMSOde) 6 163.6, 145.7,
133.7, 129.0, 128.6, 126.6, 124.7, 121.6, 117.8,41160.3, 17.1. HRMS (ESTOF") calcd for

Ci1gH16N4OCI [M+H]" m/z339.1013, found 339.1012.
4.2.3.3.

6-Chloro-2-(3-phenyl-1H-pyrazol-4-yl)-2,3-dihydragazolin-4(1H)-one A2)

CHsCN was employed as the solvent. Off-white solicelti 65%. Mp 149151 °C. *H NMR
(400 MHz, DMSOds) 6 13.26 (s, 0.5H), 13.12 (s, 0.5H), 8.35 (s, 1H)6§€) 0.5H), 7.77 (s, 0.5H),
7.70-7.59 (m, 3H), 7.547.31 (m, 3H), 7.31 (dd] = 8.7, 2.5 Hz, 1H), 7.16 (s, 1H), 6.79 {5 8.7
Hz, 1H), 5.83 (d,J = 26.6 Hz, 1H)*C NMR (101 MHz, DMSOdg) ¢ 163.4, 147.8, 133.3, 129.3,
128.8, 128.6, 127.1, 121.7, 117.5, 117.1, 60.5. ISRESTOF") calcd for G/H14N4OCI [M+H]*

m/z325.0856, found 325.0864.
4.2.3.4.

6,8-Dimethyl-2-(3-phenyl-1H-pyrazol-4-yl)-2,3-dimgduinazolin-4(1H)-oneA3)

CHCN was employed as the solvent. Off-white soliceltfi 51%. Mp 154156 °C. *H NMR
(400 MHz, DMSOdg) 4§ 13.20 (s, 0.5H), 13.05 (s, 0.5H), 8.16 (s, 1H)977770 (m, 3H), 7.43 (d,
J = 26.5 Hz, 4H), 7.01 (s, 1H), 5.83 (= 44.3 Hz, 2H), 2.20 (s, 3H), 2.05 (s, 3£AC NMR (101
MHz, DMSO-+g) ¢ 165.0, 144.7, 135.4, 129.0, 128.5, 126.8, 125.3,9,2118.2, 116.7, 60.5, 20.6,

17.2. HRMS (ESITOF) calcd for GgH19N4O [M+H]" m/z319.1559, found 319.1559.
4.2.3.5.

5-Chloro-2-(3-phenyl-1H-pyrazol-4-yl)-2,3-dihydragazolin-4(1H)-one A4)

CHsCN was employed as the solvent. Off-white solicltfi 57%. Mp >320C. *H NMR (400
MHz, DMSO-<ds) 6 13.27 (s, 0.5H), 13.12 (s, 0.5H), 8.33 (s, 1H)68€ 0.5H), 7.77 (s, 0.5H), 7.67
(d, J = 7.1 Hz, 1H), 7.597.50 (m, 2H), 7.457.33 (m, 2H), 7.24 (s, 1H), 7.19 @,= 7.9 Hz, 1H),



10

11
12

13

14

15

16

17

18
19

20

21

22

23

24

25
26

27

28

29

30

6.75 (d,J = 7.1 Hz, 2H), 5.66 (d] = 14.9 Hz, 1H)**C NMR (101 MHz, DMSOdg) ¢ 162.1, 152.0,
134.4, 133.3, 128.9, 128.5, 121.1, 116.6, 114.6.31159.8. HRMS (ESITOF") calcd for

C17H14N4OCI [M‘FH]+ m/z325.0856, found 325.0855.
4.2.3.6.

5-Methyl-2-(3-phenyl-1H-pyrazol-4-yl)-2,3-dihydraogazolin-4(1H)-one A5)

CHsCN was employed as the solvent. Off-white soliceldfi 61%. Mp 269271°C. 'H NMR
(400 MHz, DMSO6ds) 6 13.21 (s, 0.5H), 13.07 (s, 0.5H), 80475 (m, 2H), 7.767.58 (m, 2H),
7.52-7.32 (m, 3H), 7.09 (1) = 8.4 Hz, 1H), 6.80 (s, 1H), 6.66.52 (m, 2H), 5.63 (d] = 24.5 Hz,
1H), 2.51 (s, 3H)?3C NMR (101 MHz, DMSOdg) 6 165.2, 150.6, 140.9, 132.3, 128.8, 128.6, 121.8,
117.4, 114.7, 113.6, 60.2, 22.4. HRMS (EBDF") calcd for GgH1/N4O [M+H]" m/z 305.1402,

found 305.1402.
4.2.3.7.

8-Bromo-2-(3-phenyl-1H-pyrazol-4-yl)-2,3-dihydrogarolin-4(1H)-one A6)

CHsCN was employed as the solvent. Off-white soliceldfi 53%. Mp 238240°C. *H NMR
(400 MHz, DMSOds) & 13.20 (s, 0.5H), 13.05 (s, 0.5H), 8.51 (s, 1H),8%860 (m, 5H),
7.47-7.41 (m, 3H), 6.74 (t) = 7.5 Hz, 1H), 6.165.95 (m, 2H)X*C NMR (101 MHz, DMSOsd) 6
163.2, 145.4, 136.8, 129.1, 128.6, 127.7, 119.8,411118.2, 108.9, 60.1. HRMS (ESTOF) calcd

for C17H14aN4OBr [M+H]" m/z369.0351, found 369.0352.
4.2.3.8.

8-Nitro-2-(3-phenyl-1H-pyrazol-4-yl)-2,3-dihydroauaizolin-4(1H)-oneA7)

DMSO was employed as the solvent. Yellow solid.l¥ie&8%. Mp 248250 °C. *H NMR
(400 MHz, DMSOdg) ¢ 13.26 (s, 0.5H), 13.10 (s, 0.5H), 8.86 (s, 1H),38809 (m, 3H),
7.95-7.64 (m, 2H), 7.597.36 (m, 4H), 6.89 () = 7.9 Hz, 1H), 6.18 (d] = 43.9 Hz, 1H)*C NMR
(101 MHz, DMSOsdg) 6 161.9, 143.5, 135.8, 132.9, 130.7, 129.0, 128.9,411118.2, 117.0, 59.7.

HRMS (ESFTOF') calcd for G7H14NsOs [M+H] " m/z336.1097, found 336.1101.
4.2.3.9.

6-Fluoro-8-methyl-2-(3-phenyl-1H-pyrazol-4-yl)-2dydroquinazolin-4(1H)-oneAQ)

DMSO was employed as the solvent. Off-white sofiigld: 56%. Mp 263265 °C. *H NMR
(400 MHz, DMSOds) & 13.22 (s, 0.5H), 13.05 (s, 0.5H), 8.38 (s, 1H),87061 (m, 3H),
7.50-7.35 (m, 3H), 7.26 (dd] = 8.9, 3.0 Hz, 1H), 7.32.09 (m, 1H), 6.04 (d] = 23.1 Hz, 1H), 5.78
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(d,J = 11.3 Hz, 1H), 2.10 (s, 3H}°C NMR (101 MHz, DMSOds) § 164.0, 155.3 (dJcr = 235.3
Hz), 143.5, 139.8, 128.9, 128.5, 127.0, 121.6¢d= 23.2 Hz), 117.9, 110.6 (der = 23.2 Hz), 60.5,
17.3.F NMR (376 MHz, DMSOdg) 6 -126.03 (d,J = 94.0 Hz). HRMS (ESITOF') calcd for

Ci1gH16N4OF [M+H]" m/z323.1308, found 323.1304.
4.2.3.10.

6, 8-Dichloro-2-(3-phenyl-1H-pyrazol-4-yl)-2,3-ditpquinazolin-4(1H)-oneA9)

DMSO was employed as the solvent. Off-white sofiigld: 61%. Mp 149151 °C. *H NMR
(400 MHz, DMSOds) 4§ 13.20 (s, 0.5H), 13.04 (s, 0.5H), 8.62 Jd; 7.7 Hz, 1H), 7.927.67 (m,
2H), 7.61 (dJ = 10.9 Hz, 3H), 7.527.34 (m, 3H), 6.71 (ddl = 46.5, 8.1 Hz, 1H), 5.93 (dd,= 33.1,
7.3 Hz, 1H).°C NMR (101 MHz, DMSQOdg) ¢ 162.1, 143.5, 132.8, 130.1, 129.2, 128.8, 128.7,
128.0, 126.4, 118.1, 60.1. HRMS (E$DF") calcd for G;H1aN4,OCh [M+H]* m/z359.0466, found

359.0464.
4.2.3.11.

6-Bromo-8-methyl-2-(3-phenyl-1H-pyrazol-4-yl)-2 jBytiroquinazolin-4(1H)-oneA10)

DMSO was employed as the solvent. Off-white sofiigld: 66%. Mp 153155°C. *H NMR
(400 MHz, DMSOdg) ¢ 8.37 (s, 1H), 7.867.63 (m, 4H), 7.487.34 (m, 4H), 6.34 (s, 1H), 5.82 (s,
1H), 2.08 (s, 3H)?3C NMR (101 MHz, DMSOdg) 6 163.5, 146.1, 136.3, 129.0, 128.6, 127.7, 126.9,
117.9, 117.8, 109.1, 60.2, 17.1. HRMS (EBDF') calcd for GgH1eN4sOBr [M+H]" m/z 383.0507,

found 383.0497.
4.2.3.12.

6-Bromo-8-methoxy-2-(3-phenyl-1H-pyrazol-4-yl)-#8jBydroquinazolin-4(1H)-oneA(l1)

DMSO was employed as the solvent. Off-white sofiigld: 59%. Mp 243245°C. *H NMR
(400 MHz, DMSO€s) 6 13.16 (s, 0.5H), 13.01 (s, 0.5H), 8.34 (s, 1H)17@d,J = 57.9, 5.3 Hz,
1H), 7.64 (s, 2H), 7.45.36 (m, 4H), 7.12 (d) = 2.1 Hz, 1H), 6.25 (s, 1H), 5.84 (s, 1H), 3.77 (s
3H). *C NMR (101 MHz, DMSOdg) 6 163.0, 148.0, 138.2, 129.0, 128.7, 121.5, 118.09,111116.7,
108.7, 60.5, 56.6. HRMS (ESTOF) calcd for GgHigN4O.Br [M+H]" m/z 399.0388, found

399.0388.
4.2.3.13.

8-Bromo-6-methyl-2-(3-phenyl-1H-pyrazol-4-yl)-2 jBytiroquinazolin-4(1H)-oneA12)
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DMSO was employed as the solvent. Off-white sofigéld: 47%. Mp 14+143°C. *H NMR
(400 MHz, DMSOdg) ¢ 13.19 (s, 0.5H), 13.01 (s, 0.5H), 8.45 J& 10.9 Hz, 1H), 7.877.61 (m,
3H), 7.54-7.34 (m, 5H), 5.94 (dJ = 12.8 Hz, 1H), 5.83 (d] = 5.1 Hz, 1H), 2.23 (s, 3H}’C NMR
(101 MHz, DMSOs€g) 6 163.4, 143.2, 137.1, 129.9, 129.2, 128.9, 128.3,912118.3, 109.0, 60.3,

20.1. HRMS (ESITOF") calcd for GgH1eN4OBr [M+H]* m/z383.0507, found 383.0498.
4.2.3.14.

6, 8-Difluoro-2-(3-phenyl-1H-pyrazol-4-yl)-2,3-ditispquinazolin-4(1H)-oneA13)

DMSO was employed as the solvent. Off-white sofigld: 45%. Mp 237239 °C. *H NMR
(400 MHz, DMSO€s) 6 13.21 (s, 0.5H), 13.07 (s, 0.5H), 8.51 Jds 8.7 Hz, 1H), 8.01 (s, 0.5H),
7.72-7.69 (m, 1.5H), 7.61 (d = 7.3 Hz, 1H), 7.51 () = 7.5 Hz, 1H), 7.457.33 (m, 3H), 7.28 (d]
= 8.6 Hz, 1H), 6.82 (d] = 17.5 Hz, 1H), 5.83 (dl = 26.6 Hz, 1H)**C NMR (101 MHz, DMSOds)
5 162.5, 153.9 (dd)cg = 237.4, 11.1 Hz), 150.3 (dder = 247.5, 10.1 Hz), 149.4, 134.1 (didr =
14.1, 2.0 Hz), 129.2, 128.7, 118.7 §di = 17.2 Hz), 117.4 (dlce = 14.1 Hz), 109.0 (dlcr = 23.2
Hz), 108.6, 108.4 (dlcr = 6.1 Hz), 108.1, 60.6 (dcr = 29.3 Hz)**F NMR (376 MHz, DMSOds) &
-123.67 (d,J = 60.2 Hz), -128.46 (dJ = 48.9 Hz). HRMS (ESITOF') calcd for G/H13N,OF

[M+H]* m/z327.1057, found 327.1060.
4.2.3.15.

8-Bromo-6-fluoro-2-(3-phenyl-1H-pyrazol-4-yl)-2,#agdroquinazolin-4(1H)-oneA14)

DMSO was employed as the solvent. Off-white sofiigld: 47%. Mp 256258°C. *H NMR
(400 MHz, DMSOdg) 6 13.21 (s, 0.5H), 13.04 (s, 0.5H), 8.66 4d; 10.3 Hz, 1H), 7.967.61 (m,
4H), 7.53-7.34 (m, 4H), 6.10 (d] = 53.0 Hz, 1H), 5.90 (dl = 34.2 Hz, 1H)*C NMR (101 MHz,
DMSO-ds) 6 162.4, 154.8 (ddJcr = 239.4, 10.1 Hz), 149.0, 142.5 (iF = 12.1, Hz), 139.3, 134.1,
129.3, 128.9, 128.6, 128.0, 124.2 Jg; = 26.3 Hz), 128.6 (ddlcr = 32.3, 6.1 Hz), 118.0 (dcr =
11.1 Hz), 113.5 (d)cr = 23.2 Hz), 109.4 (ddlcr = 29.3, 9.1 Hz), 60.2 (dicr = 28.3 Hz).'*F NMR
(376 MHz, DMSOds) 6 -123.83 (d,J = 127.8 Hz). HRMS (ESITOF") calcd for G/H13N4OFBr

[M+H]* m/z387.0257, found 387.02509.
4.2.3.16.

6, 8-Diiodo-2-(3-phenyl-1H-pyrazol-4-yl)-2,3-dihydyuinazolin-4(1H)-oneA15)
DMSO was employed as the solvent. Off-white sofigld: 53%. Mp 15+153°C. *H NMR
(400 MHz, DMSO¢s) ¢ 13.23 (s, 0.5H), 13.03 (s, 0.5H), 8.61 (s, 1H)487058 (m, 5H), 7.43 (1)
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= 24.7 Hz, 3H), 5.98 (d] = 38.3 Hz, 2H)*C NMR (101 MHz, DMSOdg) 6 162.1, 149.3, 147.5,
136.4, 134.0, 129.8, 129.3, 128.9, 128.5, 128.8,112119.2, 119.0, 118.4, 87.0, 81.0, 60.0. HRMS

(ESFTOF) caled for GsH13N4Ol, [M+H]* m/z542.9179, found 542.9179.
4.2.3.17.

6-lodo-8-methyl-2-(3-phenyl-1H-pyrazol-4-yl)-2,3vgddroquinazolin-4(1H)-oneA(16)

DMSO was employed as the solvent. Off-white sofigld: 61%. Mp 226228°C. *H NMR
(400 MHz, DMSOds) & 13.22 (s, 0.5H), 13.06 (s, 0.5H), 8.33 (s, 1H),87061 (m, 4H),
7.50-7.36 (M, 4H), 6.34 (d] = 19.2 Hz, 1H), 5.82 (dl = 24.6 Hz, 1H), 2.05 (s, 3HY*C NMR (101
MHz, DMSO-) ¢ 163.4, 146.5, 141.8, 133.9, 129.2, 128.8, 128.8,a,2127.0, 128.0, 60.3, 16.9.

HRMS (ESHTOF") calcd for GgH1gN4Ol [M+H] " m/z431.0369, found 431.0365.
4.2.3.18.

8-Methyl-2-(3-phenyl-1H-pyrazol-4-yl)-2,3-dihydragazolin-4(1H)-one A17)

CHCN was employed as the solvent. Off-white solicelti 63%. Mp 262264 °C. *H NMR
(400 MHz, DMSOds) ¢ 13.20 (s, 0.5H), 13.04 (s, 0.5H), 8.20 (s, 1H),67@55 (m, 4H),
7.50-7.37 (m, 3H), 7.16 (d] = 6.4 Hz, 1H), 6.746.67 (m, 1H), 6.06 (d] = 25.5 Hz, 1H), 5.79 (d, J
= 27.7 Hz, 1H), 2.06 (s, 3H}*C NMR (101 MHz, DMSOd;) 6 164.8, 146.8, 134.4, 128.9, 128.6,
128.0, 125.8, 123.7, 118.0, 116.5, 60.4, 17.3. HRESHTOF") calcd for GgH17N4O [M+H]* m/z

305.1402, found 305.1404.
4.2.3.19.

6-Chloro-8-iodo-2-(3-phenyl-1H-pyrazol-4-yl)-2,3hgdroquinazolin-4(1H)-oneA(18)

DMSO was employed as the solvent. Off-white sofigld: 50%. Mp 267269 °C. *H NMR
(400 MHz, DMSO€s) 6 13.23 (s, 0.5H), 13.03 (s, 0.5H), 8.66 Jd= 6.8 Hz, 1H), 7.857.58 (m,
5H), 7.53-7.34 (m, 3H), 6.035.89 (m, 2H)*C NMR (101 MHz, DMSOde) ¢ 162.3, 141.7, 129.3,
129.0, 128.5, 127.6, 123.3, 118.3, 118.0, 86.2.6ARMS (ES+TOF’) calcd for G7H13N4OCII

[M+H]* m/z450.9823, found 450.9823.
4.2.3.20.

7-Bromo-2-(3-phenyl-1H-pyrazol-4-yl)-2,3-dihydrogazolin-4(1H)-one A19)

CHsCN was employed as the solvent. Off-white soliceltti 59%. Mp 238240°C. *H NMR
(400 MHz, DMSOds) 6 13.27 (s, 0.5H), 13.12 (s, 0.5H), 8.28 (s, 1H)6§%) 0.5H), 7.76 (s, 0.5H),
7.58-7.37 (m, 3H), 7.567.37 (m, 3H), 7.19 (s, 1H), 6.94 (s, 1H), 6.88 (#ld,8.3, 1.5 Hz, 1H), 5.85
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(d, J = 23.3 Hz, 1H)**C NMR (101 MHz, DMSOdg) ¢ 163.8, 150.1, 130.1, 129.3, 128.8, 128.6,
127.1, 120.8, 117.1, 115.0, 60.6. HRMS (EBDF") calcd for G7H14NOBr [M+H]* m/z369.0351,

found 369.0352.
4.2.3.21.

6, 8-Dibromo-2-(3-phenyl-1H-pyrazol-4-yl)-2,3-digduinazolin-4(1H)-oneA20)

DMSO was employed as the solvent. Off-white sofiigld: 67%. Mp 156158°C. *H NMR
(400 MHz, DMSOds) 6 13.19(s, 0.5H) 13.02(s, 0.5H), 8.637.88 (m, 2H), 7.847.60 (m, 4H),
7.50-7.35 (m, 3H), 6.41 (d) = 57.3 Hz, 1H), 5.93 (dJ = 36.0 Hz, 1H).*C NMR (101 MHz,
DMSO-ds) 0 162.0, 144.8, 138.2, 129.9, 128.9, 128.6, 119.8,211109.9, 109.2, 60.1. HRMS
(ESFTOF) calcd for G;H1aN4OBr, [M+H]" m/z446.9456, found 446.9450.
4.2.3.22.
6-Fluoro-2-(3-phenyl-1H-pyrazol-4-yl)-2,3-dihydragazolin-4(1H)-one A21)

CHsCN was employed as the solvent. Off-white soliceldfi 62%. Mp 104106°C. *H NMR
(400 MHz, DMSO€ds) 6 13.25 (s, 0.5H), 13.10 (s, 0.5H), 8.35 (s, 1H)584) 0.5H), 7.77 (s, 0.5H),
7.70-7.59 (m, 2H), 7.537.34 (m, 4H), 7.267.15 (m, 1H), 6.92 (s, 1H), 6.86.77 (m, 1H), 5.78 (d,
J=26.1 Hz, 1H)**C NMR (101 MHz, DMSOdg) J 163.7, 155.5 (dJcr = 235.3 Hz), 145.8, 128.8,
128.6, 121.0 (dJcr = 23.2 Hz), 117.4, 116.9, 116.8, 113.1 Jes = 22.2 Hz), 60.8'%F NMR (376
MHz, DMSO-dg) 6 -126.23. HRMS (ESITOF") calcd for G7H14N4OF [M+H]" m/z309.1152, found

309.1152.
4.2.3.23.

2-(3-Phenyl-1H-pyrazol-4-yl)-2,3-dihydropyrido[2d8pyrimidin-4(1H)-one A22)

DMSO was employed as the solvent. Off-white sofigld: 48%. Mp 178180 °C. *H NMR
(400 MHz, DMSO#ds) 5 13.20 (s, 0.5H), 13.09 (s, 0.5H), 8.36 (s, 1H)68d, J = 4.1 Hz, 1H),
7.96-7.66 (m, 5H), 7.457.39 (m, 3H), 6.786.75 (m, 1H), 5.96 (s, 1H}*C NMR (101 MHz,
DMSO-dg) 6 163.7, 158.8, 153.1, 136.3, 128.9, 128.7, 118.8,611110.4, 59.6. HRMS (ESITOF’)

calcd for GeH1aNsO [M+H]" m/z292.1198, found 292.1201.
4.2.3.24.

2-(3-Phenyl-1H-pyrazol-4-yl)-2,3-dihydropyrido[3d}pyrimidin-4(1H)-one A23)
DMSO was employed as the solvent. Yellow solid.liet7%. Mp 208202 °C. *H NMR
(400 MHz, DMSOds) 6 13.28 (s, 0.5H), 13.13 (s, 0.5H), 8.52 (s, 1H)784, 1H), 8.07 (s, 0.5H),
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7.98 (d,J = 4.4 Hz, 1H), 7.77 (s, 0.5H), 7.7D.59 (m, 2H), 7.537.35 (m, 4H), 7.23 (s, 1H), 5.89 (d,
J = 26.8 Hz, 1H)**C NMR (101 MHz, DMSOde) 5 163.1, 144.0, 139.1, 138.5, 129.3, 128.6, 120.9,
120.3, 117.3, 60.5. HRMS (ESTOF") calcd for GeH1aNsO [M+H]* m/z292.1198, found 292.1201.

4.2.4. General procedure for the synthesis of camgdsA24, A25
A mixture of4a (172 mg, 1 mmol)sa or 5b (1 mmol) and 2-morpholinoethanesulfonic acid

(20 mg, 0.1 mmol) in 50% aq EtOH (10 mL) was heaed0°C for 3 h, and the solvent was
removed under reduced pressure. The residue waaced with EtOAc three times, and the
combined organic layers were washed with brineeddrover anhydrous N8O, filtered and
concentrated. The crude product was purified bigasigjel column chromatography eluting with
CH.Cl,/MeOH (30/1) to affordA24 or A25, respectively.

4.2.4.1.

2-(3-Phenyl-1H-pyrazol-4-yl)-2,3,4,9-tetrahydro-Jdin-6(5H)-one A24)

Off-white solid. Yield: 43%. Mp 273275 °C. 'H NMR (400 MHz, DMSOsdg) ¢ 13.57 (s,
1H), 12.80 (s, 1H), 9.15 (s, 1H), 8.43 (s, 1H) 97863 (m, 4H), 7.557.44 (m, 4H)*C NMR (101
MHz, DMSO-ds) 6 161.4, 151.6, 148.2, 136.2, 129.3, 129.0, 117.8,2LHRMS (ES+TOF") calcd
for C1aH13N6O [M+H]* m/z281.1151, found 281.1158.
4.2.4.2.
2-(3-Phenyl-1H-pyrazol-4-yl)-2,3-dihydrothieno[2¢Bpyrimidin-4(1H)-one A25)

Yellow solid. Yield: 41%. Mp 245247 °C.*H NMR (400 MHz, DMSOsdg) 6 13.73 (s, 1H),
8.51-8.45 (m, 2H), 7.97 (s, 1H), 7.68 (@ = 6.4 Hz, 2H), 7.577.50 (m, 3H), 7.32 (d] = 8.9 Hz,
2H), 7.20 (dJ = 5.6 Hz, 1H).13C NMR (101 MHz, DMSOdg) ¢ 163.7, 155.6, 153.4, 129.4, 129.2,
129.1, 128.8, 119.4, 116.4. HRMS (ESOF") calcd for GsH1aN4OS [M+H]" m/z297.0810, found
297.0811.

4.2.5. General procedure for the synthesis of camgsB1, B2

A mixture of 4a or 4e (1.2 mmol),6 (172 mg, 1 mmol) and Amberlyst-15 (10%, w/w) in
MeOH (3 mL) underwent ultrasound irradiation (40 ®Hat room temperature for 40 min, and
EtOAc was added to the reaction. The mixture widsréid, and the filtrate was washed with brine,
dried over anhydrous N8GO, filtered and concentrated under reduced pres3inme.crude product
was purified by recrystallization from EtOAc:PE:MEG: 3:2:1 to affordB1 or B2, respectively.
4.2.5.1.
3-(3-Phenyl-1H-pyrazol-4-yl)-3,4-dihydro-2H-benzjple2,4]thiadiazine 1,1-dioxideR1)
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Off-white solid. Yield: 61%. Mp 226228 °C. 'H NMR (400 MHz, DMSOds) ¢ 13.36 (s,
0.5H), 13.16 (s, 0.5H), 8.10-7.94 (m, 2H), 7.69871, 7H), 7.32 (tJ) = 7.8 Hz, 1H), 6.90 (d] =
6.3 Hz, 1H), 6.77 (t) = 7.6 Hz, 1H), 5.79 (dd) = 26.9, 10.2 Hz, 1H)**C NMR (101 MHz,
DMSO-dg)  144.2, 133.3, 129.2, 128.1, 124.2, 121.9, 117.8,811115.4, 61.6. HRMS (ESTOF")

calcd for GeH1sN4O,S [M+H]" m/z327.0910, found 327.0916.
4.2.5.2.

3-(3-(4-Chlorophenyl)-1H-pyrazol-4-yl)-3,4-dihyd&-benzo[e][1,2,4]thiadiazine 1,1-dioxid82)

Off-white solid. Yield: 45%. Mp 254256 °C. 'H NMR (400 MHz, DMSOdg) ¢ 13.44,
13.24 (s, 1H), 8.10-7.95 (m, 2H), 7.71-7.48 (m,,6H33 (t,J = 7.8 Hz, 1H), 6.90 (d] = 6.8 Hz,
1H), 6.77 (tJ = 6.4 Hz, 1H), 5.83-5.72 (m, 1HJC NMR (101 MHz, DMSOdg) J 147.6, 144.1,
133.3, 133.1, 132.5, 130.4, 129.8, 129.7, 129.24.2,2121.9, 11/.3, 116.9, 115.9, 115.5, 61.7.
HRMS (ESHTOF") calcd for GeH14N4O.CIS [M+H]" m/z361.0521, found 361.0529.

4.2.6. General procedure for the synthesis of camgdsB3-B8
A mixture of3a-3d, 3tor 3w (1 mmol),4a (172 mg, 1 mmol) and CuO (4 mg, 0.05 mmol) in

DMA (3 mL) was heated at 12TC for 24 h. The mixture was cooled to room tempestand
extracted with EtOAc three times. The combined wigéayers were washed with brine, dried over
anhydrous Nz50O,, filtered and concentrated under reduced pres3tmecrude product was purified
by silica gel column chromatography eluting with £L/MeOH (30/1) to afford33-B8.

4.2.6.1.

2-(3-Phenyl-1H-pyrazol-4-yl)quinazolin-4(3H)-ori&3)

Off-white solid. Yield: 50%. Mp 267269 °C. 'H NMR (400 MHz, DMSOds) ¢ 13.59 (s,
0.5H), 13.41 (s, 0.5H), 12.22 (s, 1H), 8.46 (s,H),58.19 (s, 0.5H), 8.12 (d] = 7.6 Hz, 1H),
7.77-7.70 (m, 3H), 7.487.37 (m, 5H)*C NMR (101 MHz, DMSOds) § 162.5, 149.5, 149.2, 134.8,
129.3, 129.1, 128.6, 128.2, 127.4, 126.5, 126.2,3,2113.4, 113.0. HRMS (ESIOF') calcd for

C17H1aN4O [M+H]" m/z289.1089, found 289.1090.
4.2.6.2.

6-Chloro-8-methyl-2-(3-phenyl-1H-pyrazol-4-yl)quawdin-4(3H)-one B4)

Off-white solid. Yield: 44%. Mp 27274 °C. *H NMR (400 MHz, DMSOds) J 13.59(s,
0.5H), 13.41(s, 0.5H), 12.37 (s, 1H), 8.55 (s, 0.5H), 8.30q%H), 7.86 (d,J = 3.6 Hz, 1H),
7.68-7.62 (m, 3H), 7.41 (d] = 36.9 Hz, 3H), 2.10 (s, 3H)’C NMR (101 MHz, DMSOds) § 161.9,
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148.2, 146.8, 138.7, 134.7, 129.9, 129.6, 128.2,6,2122.1, 113.1, 17.1. HRMS (ESIOF") calcd
for C1gH14N4OCI [M+H]" m/z337.0856, found 337.0854.
4.2.6.3.
6-Chloro-2-(3-phenyl-1H-pyrazol-4-yl)quinazolin-4{3one B85)

Off-white solid. Yield: 42%. Mp 286288 °C. 'H NMR (400 MHz, DMSOsdg) ¢ 13.49 (s,
1H), 12.38 (s, 1H), 8.38.25 (m, 1H), 8.04 (d] = 3.0 Hz, 1H), 7.7¥7.75 (m, 1H), 7.767.68 (m,
2H), 7.437.41 (m, 4H).13C NMR (101 MHz, DMSO+ds) 0 161.6, 149.6, 148.2, 134.9, 130.6, 129.6,
129.3, 128.4, 125.2, 122.4, 113.0. HRMS (ESOF') calcd for GH1N.OCI [M+H]* m/z323.0700,

found 323.0699.
4.2.6.4.

8-Methyl-2-(3-phenyl-1H-pyrazol-4-yl)quinazolin-4{Bone B6)

Off-white solid. Yield: 49%. Mp 252254 °C. *H NMR (400 MHz, DMSOsdg) ¢ 13.57 (s,
0.5H), 13.39 (s, 0.5H), 12.22 (s, 1H), 8.54 (sH),B.29 (s, 0.5H), 7.93 (d,= 7.7 Hz, 1H), 7.70 (dd,
J=7.5, 1.8 Hz, 2H), 7.56 (d,= 7.1 Hz, 1H), 7.457.38 (m, 3H), 7.30 (t) = 17.6 Hz, 1H), 2.14 (s,
3H). 3C NMR (101 MHz, DMSOdg) 0 162.9, 148.0, 147.7, 135.6, 135.1, 129.5, 128.8,8,223.8,

121.1, 113.4, 17.4. HRMS (ESIOF") calcd for GgH1sN4O [M+H]" m/z303.1246, found 303.1257.
4.2.6.5.

6, 8-Dimethyl-2-(3-phenyl-1H-pyrazol-4-yl)quinazo#(3H)-one B7)

Off-white solid. Yield: 41%. Mp 274276 °C. 'H NMR (400 MHz, DMSOds) 6 13.53 (s,
0.5H), 13.37 (s, 0.5H), 12.12 (s, 1H), 8.51 (sH),B.26 (s, 0.5H), 7.73.68 (m, 3H), 7.457.34 (m,
4H), 2.37 (s, 3H), 2.13 (s, 3HFC NMR (101 MHz, DMSOsdg) 5 162.8, 146.9, 146.0, 136.4, 135.5,
135.3, 130.0, 128.3, 123.2, 120.9, 113.5, 21.23.1ARMS (ES+TOF') calcd for GgHi7N4O

[M+H]* m/z317.1402, found 317.1396.
4.2.6.6.

2-(3-Phenyl-1H-pyrazol-4-yl)pyrido[2,3-d]pyrimidi#(3H)-one B8)

Off-white solid. Yield: 40%. Mp 269271 °C. 'H NMR (400 MHz, DMSOds) 6 13.62 (s,
0.5H), 13.51 (s, 0.5H), 12.49 (s, 1H), 8.88Jd, 6.6 Hz, 1H), 8.498.24 (m, 2H), 7.747.72 (m, 2H),
7.49-7.41 (m, 4H)."*C NMR (101 MHz, DMSOdg) § 163.2, 159.5, 156.3, 152.4, 135.8, 129.2,
128.5, 122.2, 116.3, 113.0. HRMS (ESOF") calcd for GegH12NsO [M+H]" m/z290.1042, found
290.1042.



N o o b~ WO N P

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

31

4.2.7. General procedure for the synthesis of camgsC1-C6
A mixture of H-imidazole-4-carbaldehyde (192 mg, 2 mmaa-7e (3 mmol), anhydrous

N&COs (424 mg, 4 mmol) antktra-n-butylammonium iodide (74 mg, 0.2 mmol) in dry FKH10

mL) was refluxed for 3 h, and the solvent was reeabunder reduced pressure. The residue was
extracted with EtOAc three times, and the combiogghnic layers were washed with brine, dried
over anhydrous N&O, filtered and concentrated. The crude product pasfied by silica gel
column chromatography eluting with @El,/MeOH (30/1) to affordBa-8e

Cyanuric chloride (28 mg, 0.15 mmol) was added taisture of3a (136 mg, 1 mmol) and
8a-8e(1.2 mmol) in DMSO (3 mL). The mixture was stirradroom temperature for 0.5-2 h. After
completion, the mixture was extracted with EtOAethtimes. The combined organic layers were
washed with brine, dried over anhydrous,8la,, filtered and concentrated under reduced pressure.
The crude product was purified by silica gel coluoimomatography eluting with GBl,/MeOH
(30/1) to affordC1-C6.
4.2.7.1.
2-(1-Benzyl-1H-imidazol-4-yl)-2,3-dihydroquinaze#fiLH)-one C1)

Off-white solid. Yield: 58%. Mp 189191 °C.'H NMR (400 MHz, DMSOsds) 6 8.08 (s, 1H),
7.74 (s, 1H), 7.58 (dl = 6.1 Hz, 1H), 7.37—7.26 (m, 5H), 7.20J& 7.6 Hz, 1H), 7.10 (s, 1H), 6.96
(s, 1H), 6.73 (dJ = 6.2 Hz, 1H), 6.64 (] = 7.4 Hz, 1H), 5.59 (s, 1H), 5.15 (s, 2fC NMR (101
MHz, DMSO-g) 0 164.0, 148.3, 143.0, 138.0, 137.7, 133.5, 129.8,31428.2, 127.7, 117.4, 117.3,
115.6, 115.0, 62.5, 50.1. HRMS (E$DF") calcd for GgH17N4O [M+H]" m/z305.1402, found
305.1403.
4.2.7.2.
2-(1-(3-Chlorobenzyl)-1H-imidazol-4-yl)-2,3-dihydpanazolin-4(1H)-one(2)

Off-white solid. Yield: 58%. Mp 2445°C.'H NMR (400 MHz, DMSOsds) 6 8.12 (s, 1H),
7.77 (s, 1H), 7.60 (dl = 7.1 Hz, 1H), 7.37 (s, 3H), 7.25-7.19 (m, 2H)57(s, 1H), 6.97 (s, 1H),

6.74 (d,J = 8.1 Hz, 1H), 6.65 (t] = 7.5 Hz, 1H), 5.61 (s, 1H), 5.17 (s, 2HC NMR (101 MHz,
DMSO-ds) 6 164.0, 148.3, 143.1, 140.6, 137.8, 133.7, 133.5,0,.328.2, 128.1, 127.7, 126.9, 117 .4,
117.3, 115.6, 115.0, 62.4, 49.3. HRMS (EBDF") calcd for GgH16N4OCI [M+H]" m/z339.1007,
found 339.1011.

4.2.7.3.

2-(1-(4-Methoxybenzyl)-1H-imidazol-4-yl)-2,3-dihgduinazolin-4(1H)-one3)
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Off-white solid. Yield: 59%. Mp 174173°C. *H NMR (400 MHz, DMSOds) 6 8.06 (s, 1H),
7.71 (s, 1H), 7.60 (dl = 7.6 Hz, 1H), 7.26-7.18 (m, 3H), 7.08 (s, 1HRHB(t,J = 8.8 Hz, 3H), 6.74
(d,J = 8.1 Hz, 1H), 6.65 (1) = 7.4 Hz, 1H), 5.59 (s, 1H), 5.06 (s, 2H), 3.743d). *C NMR (101
MHz, DMSO-s) § 164.0, 159.4, 148.3, 142.9, 137.4, 133.5, 129.9,812427.7, 117.3, 117.0, 115.6,
115.0, 114.5, 62.5, 55.6, 49.6. HRMS (EBDF") calcd for GoHioN4O, [M+H]" m/z 335.1505,

found 335.1508.
4.2.7.4.

2-(1-(4-Aminobenzyl)-1H-imidazol-4-yl)-2,3-dihydtwgazolin-4(1H)-one €4)

Off-white solid. Yield: 54%. Mp 159161 °C. *H NMR (400 MHz, DMSOdg) 6 8.04 (s, 1H),
7.65 (s, 1H), 7.58 (dl = 7.4 Hz, 1H), 7.19 (1) = 8.6 Hz, 1H), 7.03 (s, 1H), 6.97 (= 8.0 Hz, 2H),
6.93 (s, 1H), 6.72 (dl = 8.7 Hz, 1H), 6.64 (t] = 6.6 Hz, 1H), 6.50 (d] = 8.0 Hz, 2H), 5.56 (s, 1H),
5.11 (s, 2H), 4.90 (s, 2H)Y*C NMR (101 MHz, DMSQdg) 6 164.0, 148.9, 148.3, 142.7, 137.2, 133.5,
129.5,127.7, 124.5, 117.3, 116.9, 115.6, 115.8,2162.5, 50.0. HRMS (ESTOF") calcd for
C1gH1eNs0 [M+H]" m/z320.1511, found 320.1512.
4.2.7.5.
2-(1-(4-Bromobenzyl)-1H-imidazol-4-yl)-2,3-dihydwaazolin-4(1H)-one 5)

Off-white solid. Yield: 52%. Mp 215217°C. *H NMR (400 MHz, DMSOdg) 6 8.07 (s, 1H),
7.74 (s, 1H), 7.60—7.54 (m, 3H), 7.24-7.19 (m, 3H)1 (s, 1H), 6.94 (s, 1H), 6.74 (H= 8.0 Hz,
1H), 6.65 (tJ = 7.4 Hz, 1H), 5.59 (s, 1H), 5.14 (s, 2C NMR (101 MHz, DMSOdg) 6 164.0,
148.3, 143.1, 137.7, 137.5, 133.5, 132.0, 130.4,71221.5, 117.3, 117.2, 115.6, 115.0, 62.4, 49.3.
HRMS (ESHTOF") calcd for GgH16N4OBr [M+H]* m/z383.0502, found 383.0509.
4.2.7.6.
2-(1-(4-Chlorobenzyl)-1H-imidazol-4-yl)-2,3-dihydpainazolin-4(1H)-one(6)

Off-white solid. Yield: 52%. Mp 223225°C. *H NMR (400 MHz, DMSOdg) 6 8.05 (s, 1H),
7.74 (s, 1H), 7.59 (dl = 7.1 Hz, 1H), 7.42 (d] = 8.4 Hz, 2H), 7.30 (d] = 8.4 Hz, 2H), 7.22-7.18(m,
1H), 7.11 (s, 1H), 6.94 (s, 1H), 6.73 @k 8.0 Hz, 1H), 6.65 () = 7.6 Hz, 1H), 5.59 (s, 1H), 5.16 (s,
2H). *C NMR (101 MHz, DMSOds) 6 164.0, 148.3, 143.1, 137.7, 137.1, 133.5, 132.0,113.29.1,
127.7,117.3,117.2, 115.6, 115.0, 62.4, 49.2. ISRES+TOF) calcd for GgH1eN4OCI [M+H]"
m/z339.1013, found 339.1011.

4.2.8. The synthesis of compouid
Cyanuric chloride (28 mg, 0.15 mmol) was added toi¢ture of3a (136 mg, 1 mmol) and
1-(4-chlorobenzyl)-H-imidazole-5-carbaldehyde (264 mg, 1.2 mmol) in DM$%3 mL). The
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mixture was stirred at room temperature for 2 hteAtompletion, the mixture was extracted with
EtOAc three times. The combined organic layers weashed with brine, dried over anhydrous
NaSO,, filtered and concentrated under reduced pres3ine.crude product was purified by silica
gel column chromatography eluting with gH,/MeOH (30/1) to affordC7.
4.2.9.1.
2-(1-(4-Chlorobenzyl)-1H-imidazol-5-yl)-2,3-dihydpainazolin-4(1H)-one&g7)

Off-white solid. Yield: 49%. Mp 23335°C.'H NMR (400 MHz, DMSOds) 6 8.27 (s, 1H),
7.70 (s, 1H), 7.63 (dd,= 7.8, 1.3 Hz, 1H), 7.42 (d,= 8.5 Hz, 2H), 7.29-7.22 (m, 3H), 6.99 (s, 1H),
6.90 (s, 1H), 6.72 (ddJ = 17.1, 8.1 Hz, 2H), 5.80 (s, 1H), 5.37 (s, 2t NMR (101 MHz,
DMSO-ds) 0 164.1, 147.9, 139.9, 136.7, 133.8, 132.8, 130.9,71229.2, 129.1, 127.8, 118.2, 115.8,
115.3, 59.4, 47.8. HRMS (ESIOF") calcd for GgH1eN4OCI [M+H]" m/z 339.1013, found
339.1012.

4.2.9. The synthesis of compouzti
N-bromosuccinimide (561 mg, 3.15 mmol) was added amgle portion to a solution of

pyrrole-2-carboxaldehyde (300 mg, 3.15 mmol) in TE@B mL) at 0°C. The mixture was stirred at
0 °C for 15 min, and the solvent was removed undeuced pressure. The crude product was
suspended in water, the suspension was filteredh@hwith water, recrystallized from EtOH and
dried to afford 4-bromoH-pyrrole-2-carbaldehyde.

Pd(PPh)s (147 mg, 0.13 mol) was added to a degassed mixtwk
4-bromo-H-pyrrole-2-carbaldehyde (219 mg, 1.27 mmol), pheosdnic acid (221 mg, 1.81 mmol),
K2COs (501mg, 3.63 mmol) in dioxane (4 mL) and watem{R) under argon. The mixture was
heated at 108C for 24 h, cooled to room temperature and extchetgh EtOAc three times. The
combined organic layers were washed with brineeddrover anhydrous N8O, filtered and
concentrated under reduced pressure. The crudeugiroglas purified by silica gel column
chromatography eluting with PE/EtOAc (6/1) to aff@[40].

Cyanuric chloride (28 mg, 0.15 mmol) was added toieure of3a (136 mg, 1 mmol) ané
(205 mg, 1.2 mmol) in DMSO (3 mL). The mixture watgred at room temperature for 2 h. After
completion, the mixture was extracted with EtOArethtimes. The combined organic layers were
washed with brine, dried over anhydrous,8@,, filtered and concentrated under reduced pressure.
The crude product was purified by silica gel coluoimomatography eluting with GBl,/MeOH
(30/1) to affordCs8.
4.2.9.1.
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2-(4-Phenyl-1H-pyrrol-2-yl)-2,3-dihydroquinazolir(#H)-one C8)

Off-white solid. Yield: 38%. Mp 225227 °C. 'H NMR (400 MHz, DMSOsdg) 6 11.16 (s,
1H), 8.13 (s, 1H), 7.64 (d,= 6.0 Hz, 1H), 7.49 (d] = 5.9 Hz, 2H), 7.367.23 (m, 4H), 7.09 (] =
7.3 Hz, 1H), 6.96 (s, 1H), 6.78.69 (m, 2H), 6.49 (s, 1H), 5.78 (s, 1HJC NMR (101 MHz,
DMSO-ds) 6 164.3, 148.6, 136.3, 133.6, 132.6, 129.1, 127.9,41224.8, 123.4, 117.8, 116.0, 115.7,
115.1, 105.3, 62.0. HRMS (ESTOF") calcd for GgH1gNsO [M+H]* m/z290.1293, found 290.1296.
4.2.10. General procedure for the synthesis of aamdsD1-D12

Cyanuric chloride (28 mg, 0.15 mmol) was added toigure of3a, 3b, 3k or 3s(1 mmol)
and4b-4h (1.2 mmol) in MeOH or DMSO (3 mL). The mixture wstgred at room temperature for
0.5-2 h. After completion, the mixture was extractdath EtOAc three times. The combined organic
layers were washed with brine, dried over anhydridagsSQ,, filtered and concentrated under
reduced pressure. The crude product was purifiesilla gel column chromatography eluting with

CH.Cl,/MeOH (30/1) to afford>1-D12
4.2.10.1.

6-Chloro-8-methyl-2-(3-(naphthalen-1-yl)-1H-pyrazbyl)-2,3-dihydroquinazolin-4(1H)-on®()
MeOH was employed as the solvent. Off-white sofiiéld: 54%. Mp 155157 °C.*H NMR
(400 MHz, DMSOds) ¢ 13.32 (s, 0.5H), 13.12 (s, 0.5H), 8.42 (s, 1H),187293 (m, 6H),
7.54-7.51 (m, 3H), 7.23 (s, 1H), 6.38 (s, 1H), 5.96 {8)), 2.08 (s, 3H)*C NMR (101 MHz,
DMSO-ds) 0 163.6, 145.6, 133.7, 133.3, 132.8, 128.6, 128.4,312426.6, 124.7, 121.7, 118.4, 117.5,

60.3, 17.1. HRMS (ESITOF’) calcd for GoH1gN4OCI [M+H]" m/z389.1169, found 389.1162.
4.2.10.2.

6-Chloro-8-methyl-2-(3-(4-nitrophenyl)-1H-pyrazoly$)-2,3-dihydroquinazolin-4(1H)-oné)
MeOH was employed as the solvent. Off-white sofigkld: 56%. Mp 186188°C.*H NMR
(400 MHz, DMSOds) ¢ 13.55 (s, 0.2H), 13.35 (s, 0.8H), 88127 (m, 3H), 8.057.88 (m, 3H),
7.49 (s, 1H), 7.25 (s, 1H), 6.39 (s, 1H), 5.91Jd; 36.2 Hz, 1H), 2.08 (s, 3H}*C NMR (101
MHz, DMSO-g) ¢ 163.7, 145.6, 133.7, 131.8, 129.4, 126.8, 124.4,112121.8, 119.0, 60.2, 17.1.

HRMS (ESFTOF") calcd for GaH1sNsOsCl [M+H]* m/z384.0863, found 384.0863.
4.2.10.3.

6-Chloro-8-methyl-2-(1H-pyrazol-4-yl)-2,3-dihydragazolin-4(1H)-one D3)
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MeOH was employed as the solvent. Off-white sofiiéld: 50%. Mp 255257 °C. *H NMR
(400 MHz, DMSO€s) 6 8.40 (s, 1H), 7.57 (s, 2H), 87.44 (s, 1H), 7.211(), 6.53 (s, 1H), 5.75 (s,
1H), 2.12 (s, 3H)"*C NMR (101 MHz, DMSOdg) § 163.4, 145.1, 133.6, 126.1, 124.6, 122.7, 121.1,
117.0, 59.9, 17.1. HRMS (ESIOF") calcd for G,H:2N4OCI [M+H]® m/z 263.0700, found

263.0702.
4.2.10.4.

2-(3-(4-Chlorophenyl)-1H-pyrazol-4-yl)-2,3-dihydmaigazolin-4(1H)-oneD4)

MeOH was employed as the solvent. Off-white sofiiéld: 70%. Mp 224226 °C.H NMR
(400 MHz, DMSO€s) 6 13.31 (s, 0.4H), 13.15 (s, 0.6H), 8.15 (s, 1H)58€) 0.5H), 7.76 (s, 0.5H),
7.74 (s, 1H), 7.66—7.57 (m, 2H), 7.48 J&5 8.3 Hz, 1H), 7.26 (] = 7.6 Hz, 1H), 6.92 (s, 1H), 6.76—
6.72 (m, 2H), 5.80 (dJ = 36.3 Hz, 2H)*C NMR (101 MHz, DMSQds) 5 164.6, 149.1, 148.2,
133.6, 133.0, 132.7, 130.8, 130.3, 129.3, 128.8.(1.2118.1, 117.8, 116.1, 115.2, 60.7. HRMS

(ESFTOF) calcd for G;H1aN4OCI [M+H]" m/z325.0851, found 325.0853.
4.2.10.5.

2-(3-([1,1'-Biphenyl]-4-yl)-1H-pyrazol-4-yl)-6-chto-8-methyl-2,3-dihydroquinazolin-4(1H)-one
(D5)

MeOH was employed as the solvent. Off-white sofiiéld: 62%. Mp 16+163°C.*H NMR
(400 MHz, DMSOds) & 13.29 (s, 0.5H), 13.10 (s, 0.5H), 8.42 (s, 1H),18071 (m, 7H),
7.50-7.37 (m, 4H), 7.25 (d] = 1.9 Hz, 1H), 6.37 (s, 1H), 5.87 (s, 1H), 2.1031). *C NMR (101
MHz, DMSO-g) 6 163.7, 145.8, 133.7, 129.5, 129.1, 128.1, 127.6,61224.7, 121.6, 117.9, 117.5,

60.4, 17.14. HRMS (ESTOF") calcd for G4H20N4OCI [M+H]* m/z415.1326, found 415.1321.
4.2.10.6.

2-(3-(2-Bromophenyl)-1H-pyrazol-4-yl)-6-chloro-8-thgl-2,3-dihydroquinazolin-4(1H)-on@®E)
MeOH was employed as the solvent. Off-white sofigld: 52%. Mp 153155°C. *H NMR
(400 MHz, DMSOdg) ¢ 8.28 (s, 1H), 7.797.69 (m, 2H), 7.447.35 (m, 4H), 7.16 (s, 1H), 6.07 (s,
1H), 5.60 (s, 1H), 1.94 (s, 3H}*C NMR (101 MHz, DMSOds) § 163.4, 144.9, 133.5, 133.0,
127.9, 126.5, 124.6, 124.0, 121.5, 119.8, 117.49,596.9. HRMS (ESITOF') calcd for

Ci1gH1sN4OCIBr [M+H]* m/z417.0118, found 417.0119.
4.2.10.7.

2-(3-(4-Bromophenyl)-1H-pyrazol-4-yl)-6-chloro-8-thgl-2,3-dihydroquinazolin-4(1H)-on®{)
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MeOH was employed as the solvent. Off-white sofiiéld: 49%. Mp 27%273°C. *H NMR
(400 MHz, DMSOds) & 13.28 (s, 0.4H), 13.12 (s, 0.6H), 8.35 (s, 1H),87066 (m, 3H),
7.62-7.49 (m, 3H), 7.23 (s, 1H), 6.31 (s, 1H), 5.81Jc; 24.2 Hz, 1H), 2.08 (s, 3HY*C NMR
(101 MHz, DMSOsg) ¢ 163.6, 145.7, 133.7, 131.8, 130.6, 126.6, 124.1,7,2118.0, 117.5, 60.3,

17.1. HRMS (EStTOF') calcd for GgH1sN4OCIBr [M+H]" m/z417.0118, found 417.0119.
4.2.10.8.
6-Chloro-2-(3-(4-chlorophenyl)-1H-pyrazol-4-yl)-8ettyl-2,3-dihydroquinazolin-4(1H)-on®g)
MeOH was employed as the solvent. Off-white sofigéld: 57%. Mp 284283 °C. 'H NMR
(400 MHz, DMSOdg) & 13.28 (s, 0.3H), 13.13 (s, 0.7H), 8.37 (s, 1H)9%249 (m, 6H), 7.23 (s,
1H), 6.34 (s, 1H), 5,84 (s, 1H), 2.08 (s, 3HC NMR (101 MHz, DMSOdg) 6 163.6, 145.7, 133.7,
130.3, 128.9, 126.6, 124.7, 121.7, 118.0, 117.53,607.1. HRMS (ESITOF") calcd for
C1sH1sN4OCh [M+H]* m/z373.0623, found 373.0621.
4.2.10.9.
6-Bromo-8-methyl-2-(3-(naphthalen-1-yl)-1H-pyraZeW)-2,3-dihydroquinazolin-4(1H)-on®gQ)
DMSO was employed as the solvent. Off-white sofiéld: 47%. Mp 253255°C. 'H NMR
(400 MHz, DMSO€s) 6 13.33 (s, 0.5H), 13.12 (s, 0.5H), 8.41 (s, 1H)98d,J = 31.7 Hz, 1H),
8.04-7.72 (m, 5H), 7.64 (s, 1H), 7.55 Jd; 16.8 Hz, 2H), 7.35 (s, 1H), 6.40 (= 8.9 Hz, 1H),
5.95 (d,J = 34.6 Hz, 1H), 2.08 (s, 3HY*C NMR (101 MHz, DMSOds) § 163.6, 146.0, 136.4, 133.3,
132.9, 128.6, 128.1, 127.8, 127.3, 126.9, 118.3,91109.2, 60.3, 17.1. HRMS (ESIOF') calcd
for CooH18N4OBr [M+H]" m/z433.0664, found 433.0666.
4.2.10.10.
6-Bromo-8-methyl-2-(3-(4-nitrophenyl)-1H-pyrazol$-2,3-dihydroquinazolin-4(1H)-ond>(0)
DMSO was employed as the solvent. Yellow solid¥i&2%. Mp 189191°C.*H NMR
(400 MHz, DMSO€s) 6 13.54 (s, 0.8H), 13.34 (s, 0.8H), 8.39-8.27 (m,,&)4-7.76 (m, 3H),
7.63 (s, 1H), 7.36 (s, 1H), 6.40 (s, 1H), 5.92)(d,33.4 Hz, 1H), 2.07 (s, 3H)’C NMR (101 MHz,
DMSO-ds) 6 163.6, 146.0, 136.4, 131.3, 129.4, 127.8, 127.4,001219.0, 118.0, 109.3, 60.2, 17.1.
HRMS (ESHTOF) calcd for GgH1sNsOsBr [M+H]* m/z428.0358, found 428.0353.
4.2.10.11.
6-Chloro-8-iodo-2-(3-(naphthalen-1-yl)-1H-pyrazoty$)-2,3-dihydroquinazolin-4(1H)-ond>({1)
DMSO was employed as the solvent. Off-white sofigld: 55%. Mp 202204 °C. *H NMR
(400 MHz, DMSO€s) 6 13.36 (s, 0.5H), 13.11 (s, 0.5H), 8.72 (s, 1H238(d,J = 28.0 Hz, 1H),
8.06—7.92 (m, 4H), 7.87—7.77 (m, 2H), 7.68J¢; 2.2 Hz, 1H), 7.57 (d] = 20.4 Hz, 2H), 6.08 (d]
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= 31.7 Hz, 2H)*C NMR (101 MHz, DMSOdg) 6 162.4, 146.7, 141.7, 133.5, 132.9, 128.6, 128.0,
127.6, 127.1, 126.7, 123.3, 118.8, 86.4, 60.1. HRESFTOF') calcd for GiH1sN4OCII [M+H]*
m/z500.9979, found 500.9981.
4.2.10.12.
6-Chloro-8-iodo-2-(3-(4-nitrophenyl)-1H-pyrazol-4n2,3-dihydroquinazolin-4(1H)-ondd(12)

DMSO was employed as the solvent. Off-white sofiiéld: 49%. Mp 289291 °C. *H NMR
(400 MHz, DMSOsds) o 13.54 (s, 0.2H), 13.29 (s, 0.8H), 8.70 (s, 1H3688.28 (m, 2H), 8.03—
7.90 (m, 3H), 7.84 (s, 1H), 7.64 (d,= 10.7 Hz, 1H), 6.15-5.99 (m, 2HYC NMR (101 MHz,
DMSO-t) 6 162.3, 146.7, 141.7, 130.8, 129.4, 127.5, 1223,4, 119.8, 118.3, 86.5, 59.9. HRMS
(ESFTOF) calcd for G/H1,Ns0sCll [M+H] ¥ m/z495.9673, found 495.9659.

4.3. Chiral resolution and absolute configurationAdf

4.3.1. Chiral resolution and analyses
Chiral resolution oAl was achieved by using chiral chromatographic tésm. Racemi@Al

was separated on a ChiralPak AD-H column (250 m@, nim, 5 um, Daicel Inc.) with
n-hexane/isopropanol, 85:15, as eluent. A solubbl (ca. 0.20 mg) in MeOH (0.2 mL) was
loaded for each batch and eluted at a flow rat8.@fmL min'. The enantiomers were eluted and
collected at 20.81 min and 25.51 min, respectivAlyalytical enantiomeric resolution was then
carried out on a ChiralPak AD-H column (250 mm, s, Sum, Daicel Inc.) with a mixture of
n-hexane and ethanol 70:30 as the mobile phasetarndine the purity of enantiomers. Optical
rotations were measured on a Rudolph Autopol IVapoieter with an optical path of 50 mm at
20 °C with the compounds dissolved in MeOH.
4.3.2. ECD measurements
ECD measurements were obtained with a Jasco J-818@péctrometer. The CD spectra of

each enantiomer was measured in the 200-400 nne rasigg 0.1 cm pathlength quartz cuvettes
with the continuous mode under the following coiodis: scan rate 100 nm/min, bandwidth 1 nm,
response time 1 s, 3 accumulations.
4.3.3. ECD calculations

The ECD calculations d®-Al andS-Al were mainly referred to literature methd@]

Preliminary conformational analysis was performadSYBYL-X 1.1 using random search
method with the MMFF94 force field. Conformers withé kcal/mol were saved and further
optimized using the density functional theory (DFiigthod at the B3LYP/6-31G* level. Frequency

was calculated at the same level of theory. Thielesteonformers with populations greater than 1%
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and without imaginary frequencies were submitted E€D calculation by the TDDFT
[B3LYP/6-31G*] method. Considering solvent effeots calculation, IEFPCM model in MeOH was
used in this study. ECD spectra for each conforwes simulated using SpecDis. The final ECD
spectra were generated according to the Boltzmalowated distribution of each conformer. All
calculations were performed with Gaussian 09 pmgprackage.
4.3.4. Enantiomers characterization
4.3.4.1.
(R)-6-Chloro-8-methyl-2-(3-phenyl-1H-pyrazol-4-@I3-dihydroquinazolin-4(1H)-ond=¢Al)
Off-white solid. Mp 175177 °C. [a]?® = -165.3 (¢ = 0.1 in MeOH).xt= 20.81 min
(preparative chromatography), 11.64 min (analytadabmatograph). ECD (MeOH)nax (Ag) = 221
(+9.19), 237 (-9.66), 252 (-8.60), 351 (-2.20) thi.NMR (400 MHz, DMSOds) § 13.21 (s, 0.5H),
13.06 (s, 0.5H), 8.37 (s, 1H), 7:6863 (m, 3H), 7.567.37 (m, 4H), 7.23 ()= 1.8 Hz, 1H), 6.31
(s, 1H), 5.81 (dJ = 13.5 Hz, 1H), 2.08 (s, 3H}*C NMR (101 MHz, DMSOds) J 163.6, 145.7,
133.7, 129.6, 128.6, 126.6, 124.7, 121.6, 117.9,51160.3, 17.1. HRMS (ESTOF") calcd for
Ci1gH16N4OCI [M+H]" m/z339.1013, found 339.1013.

4.3.4.2.
(S)-6-Chloro-8-methyl-2-(3-phenyl-1H-pyrazol-4-2|8-dihydroquinazolin-4(1H)-on&{Al)

Off-white solid. Mp 175177 °C. [o]? = +164.0 (¢ = 0.1 in MeOH)z = 25.51 min
(preparative chromatography), 10.71 min (analytetabmatograph). ECD (MeOH)nax (A€) = 219
(-6.86), 237 (+7.00), 251 (+6.40), 349 (+1.84) ABANMR (400 MHz, DMSOs) 5 13.22 (s, 0.5H),
13.06 (s, 0.5H), 8.38 (s, 1H), 7:6R62 (m, 3H), 7.497.36 (m, 4H), 7.23 (s, 1H), 6.30 (s, 1H), 5.79
(d, J = 34.6 Hz, 1H), 2.07 (s, 3H}*C NMR (101 MHz, DMSOds) § 163.6, 145.7, 133.7, 128.9,
128.6, 126.6, 124.7, 121.6, 117.7, 117.5, 60.31.1ARMS (ES+TOF") calcd for GgH1gN4OCI
[M+H] " m/z339.1013, found 339.1010.

4.4. Cell culture and transfection

The tetracycline-inducible human embryonic kidnéiEK) 293 cells were maintained in
DMEM/F-12 (Gibco, USA) containing 10% fetal boviserum (FBS) and gg/mL tetracycline
(Sigma, USA) as described previously [32,33]. HEE2Z@Ils were used to transiently express the
wild-type TRPM8. One ug Human TRPM8 (NCBI Referen8equence: NM_024080.4, in
pcDNA4/TO vector), and 50 ng green fluorescent giroivere together transfected into HEK293
cells using Lipofectamine 2000 for 24~48 h bef@eordings. All cells were cultured at 32 under

a humidified atmosphere containing 5% £ Oells were seeded on coverslips before use.
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4.5. Calcium measurements
Free [C4"]; was determined using Fluo-3/AM (Life Technologid$SA) as described

previously [44]. Cells in 96-well plates (3603; @3 were incubated with 318V Fluo-3/AM at

37°C for 0.5 h, and washed with Hanks’ balanced salution (HBSS) and the fluorescence
intensity was measured using a full-wavelength tiumction scanning reader (Thermo Scientific,
USA) with excitation at 486m and emission at 52fn. The intensity of the control well, in which 1
mM H,O, was added, was set as 100% and the data were limmthas percentages of the control.

Each group had 3 replicate wells and all procedweze performed in dark.

4.6. Electrophysiology
For inhibitory activity test on the TRPM2 channghtch-clamp recordings were performed in

whole-cell configuration at room temperature usfgnpatch 200B (Axon, CNS). Similar to our
previously reported protocol [28], cells were kapextracellular solution (ECS) containing (in mM):
145 NacCl, 5.6 KCI, 2MgG| 1.2 CaCJ, 10 HEPES, pH 7.2. Electrodes had a final resigtanri 3—5
MQ when filled with intracellular solution (ICS) caihing (in mM): 147 NaCl, 1 EGTA, 1 Mggl

24 HEPES, pH 7.3. Patch pipettes were prepared tinenNarishige PC-10 puller (Narishige, Japan)
with Borosilicate glass (Sutter, USA). The ADPR centration was fixed at 5QM in the ICS. Test
compounds were added to ECS with indicated corateois and perfusddr at least 60 s after the
ADPR activated TRPM2 current got stable. Acidic E(® 5.0) was applied to block TRPM2
currents. Change of ECS was achieved using an RBGs{stem (Biologic Science Instruments,
France) in which the solution changing time wasual3®0 ms. Cell was held at 0 mV. Voltage ramps
with 500 ms duration from —100 to 100 mV were agplevery 5 s. Data were acquired at 10 kHz
and filtered offline at 50 Hz. Mean of the firstelk ramps before channel activation was used for
leak subtraction of all current recordings. Thdscehose to calculate should satisfy two conditions
1) the leak current of chose cells is less tharpA0& -80mV after whole cell configuration; 2) the
remained current after pH5.0 treatment is alsotless 100pA at -80mV.

For specificity evaluation, recordings were carreat on the TRPM8 currents. The ECS
contains (in mM): 130 NaCl, 5 KCI, 10 D-glucose, HEPES, 1.2 MgGland 1.5 CaG| pH 7.4.
The ICS contains (in mM): 115 CsCl, 10 EGTA, 2 MgQ@lo HEPES and 5.7 CaCpH 7.2. The test
compounds (3QuM) were added to either ECS or ICS to determiner tefects on the TRPMS8
currents. Menthol (1 mM) was added in ECS to ativitRPM8, and 2-APB (0.1 mM) was applied
in ECS to inhibit TRPMS.

4.7 Data analysis
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Calcium measurements from at least three indepéredgreriments and electrophysiological
recordings from at least five cells were averagad presented in the text and figures, where
appropriate, as means + SEM. Statistical analysis performed using two-tailed paired Student’s
test for comparison between groups, wkRh< 0.05 considered to be statistically significant.

GraphPad Prism 6 software was used for all stegiiséinalyses.

4.8. Virtual screening
4.8.1. Preparation of compound library

In brief, SPECS and PKU_CNCL [45] databases weepared by a homemade protocol in
Pipeline Pilot v7.5 (PP 7.5, Accelrys, Inc.), inialihthe molecules formed 3D coordinates. The two
prepared databases were filtered by a basic sthmil&ILTER (OpenEye Scientific Software, Inc)
to eliminate molecules with unsatisfied properti®absequently, the databases were prepared with
OMEGA (OpenEye Scientific Software, Inc) to generap to 500 conformations for each molecule.
4.8.2. Similarity search

For shape-based 3D similarity search, 3D structae&\MP were generated and energy
minimized by using LigPrep module of Schrodinget&(Schrodinger, LLC, New York, NY, USA).
The optimized conformation of AMP was used to gateeROCS query using ROCS 3.1.2. During
the process, the Max. Molecules Per Model and thdeé¥s to Keep were set to 5. The query model
was used to search the two prepared databasese3iiles were ranked by ‘Shape Tanimoto’ score
and the top 3,000 (2x3,000) compounds were retained

ROCS output compounds were used as input for eletic-based analysis using EON 2.1.0,
which calculate the electrostatic distribution s$amty between each molecule and the query. New
partial charges for the input structures were caeghwsing MMFF94. The output files were then

ranked by the ‘ET_pb’ score, and the top 300 (2}¥20pounds were retained.
After removing the duplicated compounds, clustealgsis was performed on the retained
compounds using PP 7.5. ECFP-6 was chosen to becuatal fingerprint. Finally, 24 compounds

were selected and purchased from the commerciatsdor biological evaluation.
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Novel series of 2,3-dihydroquinazolin-4(1H)-one derivatives were designed and synthesized.
Inhibitory activities targeting to the TRPM2 channel were evaluated by calcium imaging and
electrophysiology approaches.

Highly selective and active extracellular inhibitors of TRPM 2 channel have been discovered.

Structure-activity relationship was summarized.



