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Thirty compounds were synthesized based on the structure of 1,2,4-triazopyrimidione. The
biological tests showed that compounds 5-(4-chlorobenzyl)-2-phenyl-4H-[1,2,4]-triazole[1,5-a]
pyrimidine-7-one (5¢) and 5-benzyl-2-p-toluene-4H-[1,2,4] triazopyrimidine-7-one (5€) exhibited
very pronounced anticonvulsant activity and lower neurotoxicity. Moreover, these compounds had
specific effects on GABA a1 receptor targets as positive modul ators.
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Abstract

In searching for more effective and safer antigpitedrugs, a series of 2,5-disubstituted
[1,2,4]-triazolo[1,5-a]pyrimidine-7(4H)-one derivats were designed and synthesized.
Spontaneous Ghoscillations (SCOs) of cortical neurons were ufedn vitro phenotypic
screening. Maximal electroshock test (MES) andylenetetrazole (PTZ) test were used to
access their anticonvulsant activity, and rotaexd tvas used to estimate their neurotoxicity.
The active compounds im vitro model are specifically effective in pentylenetetlaz
(PTZ)-induced epilepsy model but not maximal elesitiock (MES) model, more importantly
with lower neurotoxicity as compared to commonlgdigirugs. Among them, compoubd
and5e showed significant anticonvulsant activities inZ2ifduced epilepsy model with EP
values at 31.81 mg/kg and 40.95 mg/kg, respectiveEhese compounds have improved
neurotoxicity with protective index (PI=TBEDsy) values at 17.22 and 9.09, respectively.
Finally we demonstrated that compoubd and 5e mainly acted on GABA receptor as
positive modulators but not sodium channels. Tinespgresent study has provided potential

candidates for further investigation in epilepsy.

Keywords: Epilepsy, anticonvulsant, PTZ, GABA

Abbreviations. SCOs,spontaneous Cascillations; MES, Maximal electroshock test; PTZ,
pentylenetetrazole; SUDEP, sudden unexpected deahilepsy; AEDs, antiepileptic drugs;

4-AP, 4-Aminopyridine; GABA, gamma-aminobutylic driVGSCs, voltage-gated sodium

channels; TMS, tetramethylsilane; Diays in vitro;FLIPR, Fluorescent Imaging Plate
ReaderplI, protective index.



1. Introduction

Epilepsy is one of the most common and serious ahegical disorders. It affects
approximately 1-2% of the population worldwide [&hd each year more than 1 in 1000
people with epilepsy die from sudden unexpectedhdmaepilepsy (SUDEP) [2]. Although
the current drugs provide adequate seizure corapgroximately 30% of patients are still
poorly treated with the available antiepileptic gsu(AEDSs) [3]. Moreover, many AEDs have
serious side effects, and lifelong medication mayréquired. Toxicity, intolerance, lack of
efficacy and either unknown or not fully understoatechanism(s) of action are the
limitations of the current AEDs [4]. Therefore,ist necessary and imperative to find more
effective and safer AEDs, especially with clear@ctmechanism.

In our previous study [5], series of 2,5-diar¥ld,4]triazolo[1,5-a]pyrimidin-7(4H)-one
derivatives were synthesized and tested for thaic@nvulsant activityin vitro. Compound
la andlb showed good activity with g values of 2.35 uM and 3.21 uM, respectively, and
pyrimidine-7(4H)-one motif was found to be the resagy “active core” of antiepileptic
activity among these compounds. However, the twopmunds did not show any effects
vivo including the maximal electroshock test (MES) gmehtylenetetrazole (PTZ) test.
Tracking back to these compounds’ structures, wadahat the whole molecular structures
of compound la and Ib look like a largeconjugate plane. This caused the poor solubttity i
water (about 0.0143 mg/mL) and organic solvent®©énddMSO (about 3mg/mL at 25), a
solvent commonly used for dissolving compoundsnimal models.

To search for compounds with desired therapgubperties and lower neurotoxicity based

on the core structures of compoutdsandlb, we used the strategy to reduce the planarity of



active compounda andlb to improve the solubility of their analogues inaits such as
DMSO. As shown inFigure 1, in order to break the large planar conjugate esysbf
compoundda andlb, compoundl | (the alkyl chain instead of phenyl ring connectimigh
ring A of compoundda andlb such as compoun@ in scheme 1) and compouridi
(analogues of compounda andlb through inserting a carbon between the phenyl aing
1,2,4-tiazolo[1,5-a] pyrimidin-7(4H)-one (ring Adm) such as compourd?7 in scheme 1)
were designed and synthesized. The molecule steucifi compounds-8 is not a large
n-conjugate plane any more, which was confirmed bg single crystal structure of
compoundbc in Figure 2. As we expected, all of these compounds showedrtmdlubility in
DMSO and water (the solubility of compoun8$8 in DMSO and water is 10-20 times and
5-10 times than that of compounts and|b, respectively) and some of them possessed a
better anticonvulsant activiiy vitro. Their structures were characterized usig™C NMR,
HRMS and X-ray single crystal diffraction. Theirt@onvulsant activities and neurotoxicity
in vivo were evaluated by MES and PTZ test and rotardd Itethe meanwhile, the possible

mechanism of action was also explored.
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Figure1l: The modification strategy based on active compouiadsdlb

2. Results and discussion

2.1 Chemistry

Compounds were prepared as outlinediheme 1. Acyl chloride derivatived reacted

with aminoguanidine bicarbonate at room temperatusiag 1,4-dioxane as solvent in the

presence of catalytic tetrabutylammonium bromideBAB) to afford the hydrazide

derivatives2. Derivatives3 (3-amino-1, 2, 4-triazole) was prepared by refhigxcompoun@®

in water for 12 h, the yield of the two steps is9®6. Compound reacted with methyl

acetoacetate derivatived to afford 5-8 in n-butanol in the presence of 10 mol%

p-toluenesulfonic acid p(TsOH) with the vyield of 45-85%. The methyl aceteiate

derivatives4 was prepared by the method reported by Yamamdia¢§l chloride reacted

with Meldrum's acid to afford the intermedidi@ compoundt was prepared by refluxing of

compoundlO in MeOH in the presence of catalytic amounp-GfsOH.

Q H,N_ _NHNH i JC R Nm, i
2 2 - 2
Rne T Pco, T RN
NH NH
1 2 o)
N-N o O N-p
\ 1 74
R/MN>\ NH; R1)J\/U\0/ - R_<NJ\N | R
H H 1
3 4 5-8
(0] (0] 1)



(0] (0]
N- R, N-
N N
N/kN NJ\N
H H
5a-h

|
6a-f Ry

Ry

o) o)

N- Ry N-
N N

/A/j@v@ R—als]
N" >N N" >N

H H

7a-h 8a-h Ro

Rj

Reagents and conditions: i: TBAB, dioxane, rt, 1dihwater, 1007, 12 h; iii: n-BuOH,
p-TsOH, 1251, 24 h.

5a: R;= -H, R=-H; 5b: R= -H, R= -4-F;5¢c: R;= -H, R=-4-Cl; 5d: R;= -H, R= -4-CH;; 5e:
Ri= -4-CH;, R= -H; 5f: Ri= -4-CH;, R= -4-F; 5¢: R;= -4-CH;, R= -4-Cl; 5h: R= -4-CH;,
R,= -4-CH;;

6a: Ri= -H, R= -H; 6b: R= -H, R= -4-ClI; 6¢: R;= -4-F, R= -H; 6d: R;= -4-Cl, R= -H; 6¢e
R;= -4-CH;, R= -H; 6f: Ri= -4-CH;, R,= -4-Cl;

7a: Ri= -H, R=-H; 7b: Ri= -H, R=-4-Cl; 7¢c: Ri= -H, R= -4-CH;; 7d: R;= -4-F, R= -H; 7e:
Ri= -4-F, R= -4-Cl; 7f: Ri= -4-F, R= -4-CH;;7g: Ri= -4-Cl, R= -H; 7h: Ri= -4-CH;, R=
-H:

8a: R;= -(CH,)sCHs, R;= -H; 8b: Ry= -(CH,)sCHs, R= -4-Cl; 8c: R;= -(CH,)4,CHs, R;= -H;
8d: Ry= -(CH,)4CHjs, R,= -4-Cl; 8e: Ri= -(CH,)sCHas, R= -H; 8f: R;= -(CH,)sCHas, R=-4-ClI;
80: Ri= -(CH,)sCHjs, R= -H; 8h: Ri= -(CH,)sCHs, R,= -4-Cl;

Scheme 1: Synthetic routes of compoun8<3

Taking the synthesis of compoubdas an example, as shown in the Scheme 2, compound
3 has two possible resonance structi-dsand3-2 that reacted with compounrtto afford
two possible intermediatéla and 11b. The resonance structutéa and 11b was possibly
cyclized to afford pyrimidine-(4H)-onéc and 5c¢-2, respectively. The structure of the
compound was determined &s by X-ray single crystal diffractionF{gure 2), which

indicates thatlb is the major transition state in the cyclizatieacation of3 and4.
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Scheme 2: Possible mechanism of synthesis of compdamd

Figure2 : X-ray single crystal diffraction of compourad

2.2 Biological evaluations

2.2.1 Anticonvulsant activity in vitro

Primary cultured neocortical neurons form neukoreworks and display spontaneous
Cd" oscillations (SCOs). These SCOs occur simultarigauish action potential generation.
SCO activity is dependent on the balanced excyatdrbitory neuronal inputs.
4-Aminopyridine (4-AP) is able to induce hyper-dgability in neurons and has been
routinely used to maki vitro seizurogenic model widely for antiepileptic adiyviest [7]. In

the present study, totally 30 compounds were tastddAP-induced SCO model in primary
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cultured neocortical neurons. As shown in Suppldgargndata, these compounés, 5e,
6a-6f, 7e-7h, 8d and8f displayed inhibitory effects on the 4-AP-inducegpér-excitability
model expressed as intracellular calcium ion cosiousin neurons. Through a continuous
assay procedure, different concentrations of comgdie, 5e, 6a, 6¢-6f, 7e-7h, 8d and 8f
were tested. As shown in Table 1, thggl@lues ranged from 0.33 pM to 8.25 pM. Among
these compound$8¢ and5e displayed more potent anticonvulsant activitys¢l@.33 uM and

0.45 pM, respectively) significantly above the pi@si control carbamazepine @£35 pM).

Table 1. 1Cy, values 0fl3 active compounds vitro

4-AP inducedhyper-excitability

Compounds
Model (ICsq, uM))
5¢c 0.452
5e 0.334
6a 1.31
6c 2.52
6d 1.83
6e 1.15
of 5.44
Te 3.65
7f 3.02
79 4.28
7h 2.47
8d 8.25
8f 8.72

2.2.2 Anticonvulsant activity in vivo

2.2.2.1 Phase | preliminary evaluation of anticonvulsant activity in mice - MES and sc-PTZ
tests

All the compounds tested imn vitro model were further screened for their
anticonvulsant activity in mice by using the popudeceptable seizure models- Maximal
electroshock(MES) test and subcutaneous pentykeaetd (sc-PTZ) test [8, 9]. In this study,
DMSO was used as solvents, which has been frequesttd to dissolve compounds in

screenings for anticonvulsant compounds. As shawFable 2, some of the test compounds



were active on the sc-PTZ model, but all of the poomds were inactive in the MES model.
Interestingly, the results fromm vivo PTZ model are very consistent with that fromvitro
model, which indicates that the active compouimdgtro could be confirmed in sc-PTZ test
specifically. The results demonstrated that thdulzel model in vitro is suitable for
preliminary screening of AEDs. At the lower doser3§/kg, only5c, 5e, 6¢, 6d and6e were
able to decrease the seizure behaviors; when tee was increased to 100 mg/kg, more
compounds displayed anti-seizure effects includitype, 5g, 6a, 6¢, 6d, 6e, 7b and7h (see
supplementary datapnd at the dose of 300 mg/kg, most compounds shqwetection

exceptBa-b, 8g-h against the sc-PTZ-induced seizure model (see sngpitary data).

Table 2 Phase | preliminary evaluation of anticonvulsartivég in mice on MES and
sc-PTZ models

Compounds MES (mg/kg) SC-PTZ (mg/kg)

30 100 300 30 100 300
5¢c 0/3 0/3 13 3/3 3/3 3/3
5e 0/3 0/3 0/3 3/3 3/3 3/3
6a 0/3 0/3 0/3 13 2/3 3/3
6C 0/3 0/3 0/3 2/3 2/3 33
6d 0/3 0/3 13 2/3 2/3 3/3
6e 0/3 0/3 0/3 2/3 2/3 3/3
6f 0/3 0/3 13 0/3 0/3 2/3
7e 0/3 0/3 0/3 0/3 13 3/3
7f 0/3 0/3 0/3 0/3 13 2/3
79 0/3 0/3 0/3 0/3 13 2/3
7h 0/3 0/3 13 13 2/3 3/3
8d 0/3 0/3 13 13 13 2/3
8f 0/3 0/3 0/3 13 13 3/3

Note: All drugs were administered by the intraparéal (ip) route. The effective compounds were

shown in positive animal number out of the totaheal number (n=3) and displayed in bold italic

2.2.2.2 Phase |l quantitative anticonvulsant evaluation in Mice using sc-PTZ test

Based on the result of preliminary screening, campdc, 5e, 6¢, 6d and6e were further



moved to phase Il trials to quantify their anticalsant activity (E[3y) using sc-PTZ test and
neurotoxicity (TQg) using rotarod test in mice. Results of the quatme test for selected
compounds, standard tool drug Carbamazepine, Riieny®henobarbital and Valproate are
shown in Table 3. Among them, compoubtiand 5e gave an ER) value of 31.81 mg/kg,
40.95 mg/kg, and a Td9 value of 547.89 mg/kg, 372.39 mg/kg, respectivadpth
compounds displayed higher protective index (Plued7.22 and 9.09 than the four tool
drugs. Compound5c and 5e showed nearly equipotent activity, much higher than
carbamazepine, phenytoin and valproate, and sfighttaker than phenobarbital. The
neurotoxicity of the compoundc and5e, especiallysc (PI=17.22) is much weaker than the
four standard drugs. Compoufd, 6d and6e showed moderate activity with EPvalue of
71.63 mg/kg, 61.09 mg/kg and 65.79 mg/kg, and &, Malue of 261.35 mg/kg, 210.71
mg/kg and 280.53 mg/kg, respectively. The toxiotythem is much weaker than phenytoin,

valproate and carbamazepine, and higher than pheoitd.

Table 3 Phase Il quantitative anticonvulsant evaluatiohioe using PTZ test

“EDso(mg/kg)

Compounds (sc-PTZ) *TDso (mg/kg) P
5c 31.81%17.66-56.62) 547.89 (400.86-746.44) 17.22
5e 40.95(24.54-68.07) 372.39(216.27-639.73 9.09
6c 71.63(37.94-135.8) 261.35(153.81-442.58 3.67
6d 61.09(33.50-111.43) 210.71(126.47-350.7% 3.45
6e 65.79(35.70-122.7) 280.53(168.26-466.65 4.26

Phenobar bital® 13.2(5.8-15.9) 69 (62.8-72.9) 5.20
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Valproate® 149(123-177) 426 (369-450) 2.90
Phenytoin® >300 65.5 (52.5-72.9) <0.22

Carbamazepine® >100 71.6 (45.9-135) <0.76

a) Dose measured in mg/kg. b) Minimal neurotoxicitysveletermined using the rotarod test
after test compounds were administered for 30miRI<€TDsy/EDs,. d) Data from Ucar et al.,
1998. [10] e) 95% confidence limits.

2.3 Mechanism study of compound 5c¢ and 5e

In searching for potential antiepileptic compounitiss crucial to precisely define their
molecular mechanism of action. A clear moleculacima@ism of anticonvulsant action would
significantly facilitate the process of designingtgntial antiepileptic drugs based on the
present discovery like the 1,2,4-triazole skelestmcture. However, this has been difficult
because many AEDs have multiple molecular tardétk [

Encouraged by the promising data generated in tesept study, we initiated studies
aiming to understand the molecular mechanism o$ehactive compounds. Due to the
selective activity of these compounds in PTZ mo@ABA,; receptor would be the first
candidate of the epilepsy targets to be considevéel.have ever done some molecular
docking study for these compounds on GABAeceptor [5], which also indicated the
possible binding of these compounds on GABFeceptor. Therefore we tested the effects of
these compounds on GARAreceptor. In the meanwhile, these compounds wecetested

on voltage-gated sodium channels.
2.3.1 Effect on the GABA; receptor

GABA is the main inhibitory neurotransmitter subgta in the brain, and is widely
implicated in epilepsy. Inhibition of GABAergic neransmission has been shown to

promote and facilitate seizures, and enhanceme@A@Aergic neurotransmission is known

11



to inhibit or attenuate seizures [12]. PTZ has beported to produce seizures by inhibiting
gamma-aminobutylic acid (GABA) neurotransmissiord][1The present study found that
compoundsbc and 5e specifically attenuated PTZ-induced seizures hait MES-induced
seizures in mice, which indicated that these comgsuare very likely involved in the
GABAergic neurotransmission process. Therefore fuvther determined whether GABA
receptors are involved in the antiepileptic effeictompound®$c and5e. By using membrane
potential FLIPR assay [14], when compowudand5e were added directly to the cells, they
could not induce any activation of the GABAreceptor (data not shown), however, in the
presence of GABA (0.2 uM), it was found that compasi5¢c and 5e could increase
GABA-induced activation of GABA, receptor Figure 3, A and C) in a dose-dependent
manner with EGyvalue of 3.08 £ 1.08 uM and 12.02 + 1.29 uM, retipely (Figure 3, B

and D). The dose response curves were fitted with Hijllagion by Origin 6.0 software.

12
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Figure 3: Dose-response curves of compoufdsind5e on GABA,, receptor in the
presence of GABA (0.2 uM)

These data indicated that the two compounds aedylipositive allosteric modulators of
GABA receptor. Therefore, the effects 6& and 5c on GABA-induced dose-response
activation of GABA\; receptor were further studied. GABA-induced dasgponse activation
of GABA,; receptor was shown frigure 4 (A and B) (Black filled circles, EG=0.25:0.03
pnM). The effect ofse and5c at 30puM on GABA EG, was shown in A and B (Red filled
circles), respectively. In the presencebef30 uM, GABA-induced signal was increased but
EC of GABA was not altered significantly (GABA E&0.24:0.04 puM). However,

compound5c (30 uM) not only increased GABA-induced signal, but alstiward-shifted
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EGCso curve of GABA (EG=0.20t0.04 uM). The results indicate that compouritsand 5e

might be allosterically modulating the function@RABA receptors.
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Figure 4. The effect obe and5c on GABA-induced dose response curve of GABAceptor
2.3.2 Effect on the voltage-gated sodium channels (VGSCs)

Furthermore, voltage-gated sodium channels are plaging important roles in the
generation of epilepsy [15]. To determine whetherse compounds affected VGSCs, the
electrophysiological study of compoubd and5e on VGSCs was carried out. At1d, the
two compounds did not show any effect on neurowdiusn channels (data not shown).
Further a full dose response curve for one of th@mmpoundse) was conducted. As shown

in Figure 5, only compounde at 100uM showed some extent of blockade effect on VGSCs.
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3. Conclusion

In conclusion, a series of anticonvulsafis2,4]-triazolo [1,5-a]pyrimidine-7(4H)-one
derivatives have been designed and synthesized.chwmpoundssc and 5e exhibited more
potent anticonvulsant activity as compared to comlgpnased drugs. More importantly, these
compounds displayed a clear action mechanism onA&tddc neurotransmission with a very
lower neurotoxicity and a higher protective ind&kese properties are very critical for the
compounds to be explored as potential drug caresdat further investigations.

4. Experimental Sections
4.1 Chemistry

All of the solvents and materials used in the prestudy were analytical grade. General
'H NMR and®*C NMR spectra were recorded on Bruker-500 (Brukesdience, Billerica,
MA, USA), and chemical shifts were given in ppmatele to tetramethylsilane (TMS). Mass
spectra were measured on an UPLC-Q/TOF Xevo G2Wa&drs, USA). All chemical shifts
are reported as d (ppm) values. Splitting pattemes designated as follows: s: singlet; d:
doublet; t: triplet; g: quartet; and m: multiplet.

4.1.1 Synthesis of 3-amino-1,2,4-triazole derivatives (3)[ 5]

To a cooled suspension of aminoguanidine carboné28.0mmol), catalytic
tetrabutylammonium bromide (TBAB) (1.0 mmol) in @ame (50 mL) was added acyl
chloride derivatived (10.0 mmol) dropwise at[0 over 0.5 h, after that, the reaction mixture
was allowed to warm to room temperature and stifogdl2 h at room temperature. The
resulting mixture was concentrated under vacuumivie a residue, which was dissolved in

water (30 mL) and adjusted to pH 12 with sodiumrbydle. The precipitate was collected by

16



filtration to gain intermediate 2 which was usedriext step without further purification, and
intermediate2 was suspended in water (100mL), the resulting unétvas stirred overnight

at 1007. The reaction was cooled down to room temperatine;product was precipitated
and collected by filtration and dried in an oven4@t] under reduced pressure to afford
compound3. The yield is in the range of 75-90%.

4.1.2 Synthesis of methyl acetoacetate derivatives (4)[ 6]

A solution of an acid chloride (26 mmol) in dry & (15 mL) was added dropwise with
stirring over a period of 1h to a solution of Meldr's acid (26 mmol) and pyridine (65 mmol)
in dry CH.CI, (50 mL) in an ice bath. The temperature was maiethfor an additional 1h,
and then the reaction mixture was allowed to waymobm temperature and stirred at room
temperature for 16h. After the resulting mixtureswgashed with 3 mol/L HCI (3x100 mL)
and water (50 mL) sequentially, the organic layersveeparated, dried over MgsSénd
concentrated under reduced pressure. The residsieigsolved in methanol (50 mL) and the
resulting solution was heated to reflux for 6 hteiAfthe solvent was evaporated under
vacuum, the residue was purified by flash column@®E/EA=10:1 as the eluent to afford
compound4. The yield is around 85-93%.

4.1.3 Synthesis of [ 1,2 4] triazolo[ 1,5-a] pyrimidin -7-one derivatives (5-8)[ 5]

A mixture of compoun@® (5.7 mmol), compound (11.5 mmol) and p-TsOH (1.5 mmoal) in
n-BuOH (15 mL) was stirred at 125for 24 h - 48 h. After the volatile was evaporateder
vacuum, the residue was purified by flash columingi®CM/Methanol=20:1 as the eluent to

afford the compoun8-8 with yield in the range of 45-85%.

4.1.3.1. 5-Benzyl-2-phenyl-4H-[ 1,2 4] triazol o 1,5-a] pyrimidin-7-one (5a)
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White solid, yield 85%*H-NMR: ( DMSO-¢;, 500 MHz)5 13.53 (s, 1H), 8.14 (d= 6.15
Hz, 2H), 7.56(d,J)= 6.7Hz, 3H), 7.44 (d)= 7.35 Hz, 2H), 7.39 (d}= 7.7 Hz, 2H), 7.32 (d,
J= 7.0 Hz, 1H), 5.88 (s, 1H), 3.99 (s, 2IC-NMR: (DMSO-@, 125 MHz):5 37.93, 98.67,
126.55 (2C), 127.04, 128.62 (2C), 128.84 (2C), 92§2C), 130.04, 130.28, 136.42, 151.39,
153.64, 155.81, 160.90. HRMS (EBm/z calcd for GeH:sN,O [M + H]J* 303.1246, found
303.1249. Anal. Calcd for gH.N,0; C, 71.51; H, 4.67; N, 18.53. Found: C, 71.414H5;

N, 18.43.

4.1.3.2. 5-(4-Fluoro-benzyl)-2-phenyl-4H-[ 1,2,4] triazol of 1,5-a] pyrimidin-7-one (5b)

White solid, yield 82%*H-NMR: (DMSO-d;, 500 MHz):5 13.49 (s, 1H), 8.12-8.1(m, 2H),
7.56-7.52(m, 3H), 7.47-7.44 (m, 2H), 7.20 I& 8.9 Hz, 2H), 5.86(s, 1H), 3.96(s, 2H).
BC-NMR: (DMSO-d, 125 MHz):5 37.06, 98.65, 115.27, 115.44, 126.55 (2C), 12862,
128.84 (2C), 130.29, 130.91, 130.97, 132.58, 151.88.52, 155.81, 160.35, 160.88, 162.28.
HRMS (ESI) m/z calcd for GgH14N,OF [M + H] 321.1152, found 321.1150. Anal. Calcd for

CigH13N4OF; C, 67.49; H, 4.09; N, 17.49, . Found: C, 678324.22; N, 17.69.

4.1.3.3. 5-(4-Chloro-benzyl)-2-phenyl-4H-[ 1,2,4] triazol o 1,5-a] pyrimidin-7-one (5¢)

White solid, yield 84%*H-NMR: (DMSO-d;, 500 MHz)5 13.46 (s, 1H), 8.08(d= 7.8Hz,
2H), 7.51(d )= 5.4Hz, 3H), 7.4 (s, 4H), 5.9 (s, 1H), 3.93 (s, 2f¢-NMR: (DMSO-d, 125
MHz):5 37.70, 99.31, 127.05 (2C), 129.05 (2C), 129.35)(430.41, 130.81, 131.35 (2C),

132.30, 135.96, 151.40, 153.14, 155.79, 160.35,8860HRMS (ESI) m/z calcd for
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CigH14N4OCI [M + H]* 337.0856, found 337.0857. Anal. Calcd fqgtGaN,OCI; C, 64.20; H,

3.89; N, 16.64. Found: C, 64.36; H, 3.51; N, 16.86.

4.1.3.4. 5-(4-Methyl-benzyl)-2-phenyl-4H-[ 1,2,4] triazol o[ 1,5-a] pyrimidin-7-one (5d)

White solid, yield 79%*H-NMR: ( DMSO-d, 500 MHz)6 13.47 (s, 1H), 8.12-8.1 (dds,
2H), 7.55-7.49(m, 3H), 7.29 (d= 7.9 Hz, 2H), 7.16 (dJ= 7.9, 2H), 5.82 (s, 1H), 3.90 (s,
2H), 2.28 (s, 3H)®C-NMR: (DMSO-d, 125 MHz): & 20.60, 37.56, 98.50, 126.55 (2C),
129.85 (4C), 129.17 (2C), 130.04, 130.28, 133.36.19, 151.38, 153.95, 155.81, 160.89.
HRMS (EST) m/z calcd for GH1/N,O [M + H]* 317.1402, found 317.1403. Anal. Calcd for

CiHi16N4O; C, 72.13; H, 5.10; N, 17.71. Found: C, 72.165H4; N, 17.89.

4.1.3.5. 5-Benzyl-2-p-tolyl-4H-[ 1,2,4] triazol o 1,5-a] pyrimidin-7-one (5€)

White solid, yield 75%H-NMR: (DMSO-d;, 500 MHz):$ 13.45 (s, 1H), 7.98(dl= 8.1
Hz, 2H), 7.40-7.26(m, 7H), 5.83 (s, 1H), 3.95 (8)),22.36 (s, 3H)*C-NMR: (DMSO-g,
125 MHz): 6 20.60, 37.56, 98.50, 126.55 (2C), 129.85 (4C),.1292C), 130.04, 130.28,
133.31, 136.19, 151.38, 153.95, 155.81, 160.89. BRESI) m/z calcd for GoH:/,N,O [M +
H]* 317.1402, found 317.1404. Anal. Calcd forGeN,O; C, 72.13; H, 5.10; N, 17.71.

Found: C, 72.19; H, 5.14; N, 17.61.

4.1.3.6. 5-(4-Fluoro-benzyl)-2-p-tolyl-4H-[ 1,2,4] triazol o 1,5-a] pyrimidin-7-one (5f)
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White solid, yield 77%;H-NMR: (DMSO-a, 500 MHz): 8 13.44 (s, 1H), 7.98 (dJ=
8.1Hz, 2H), 7.44 (t)=5.7 Hz, 2H), 7.32 (dJ=8.0 Hz, 2H), 7.18 (t}=8.8 Hz, 2H), 5.84 (s,
1H), 3.94 (s, 2H), 2.36 (s, 3H’C-NMR: (DMSO-d, 125 MHz): § 21.43, 37.50, 98.08,
115.72, 115.89, 126.96 (2C), 127.72, 129.86 (2@G).37 (2C), 133.06, 140.47, 151.78,
153.85, 155.81, 156.24, 160.78, 162.72. HRMS {ESIz calcd for GH:gN,OF [M + HJ'
335.1308, found 335.1305. Anal. Calcd fogkGsN,OF; C, 68.25; H, 4.52; N, 16.76. Found:

C,68.47; H, 4.22; N, 16.84.

4.1.3.7. 5-(4-Chloro-benzyl)-2-p-tolyl-4H-[ 1,2,4] triazol o] 1,5-a] pyrimidin-7-one (59)

White solid, yield 79%H-NMR: (DMSO-d;, 500 MHz)5 13.42 (s, 1H), 7.96 (dl= 8.1
Hz, 2H), 7.39 (s, 4H), 7.30 (d=8.1Hz, 2H), 7.18 (t}=8.8Hz, 2H), 5.83 (s, 1H), 3.92 (s, 2H),
2.34 (s, 3H)*C-NMR: (DMSO-d, 125 MHz):$ 21.43, 37.62, 99.23, 126.96 (2C), 127.70,
129.00 (2C), 129.86 (2C), 131.29 (2C), 132.23, 985140.47, 151.77, 153.43, 156.22,
161.40. HRMS (ES) m/z calcd for GgH;¢N,OCI [M + H]" 351.1013, found 351.1014. Anal.

Calcd for GgH1sN4OCI; C, 65.05; H, 4.31; N, 15.97. Found: C, 65314.06; N, 15.96.

4.1.3.8. 5-(4-Methyl-benzyl)-2-p-tolyl-4H-[ 1,2, 4] triazol o 1,5-a] pyrimidin-7-one (5h)

White solid, yield 45%:H-NMR: ( DMSO-d;, 500 MHz)5 13.43 (s, 1H), 7.99 (dJ=
8.1Hz, 2H), 7.33 (dJ=8.1 Hz, 2H), 7.28 (dJ=8.0 Hz, 2H), 7.16 (d}=7.9 Hz, 2H), 5.80 (s,
1H), 3.90 (s, 2H), 2.37 (s, 3H), 2.28 (s, 3HL-NMR: (DMSO-d, 125 MHz):5 21.05, 21.43,

37.97, 98.91, 126.96 (2C), 127.77, 129.29 (2C),.8R%2C), 129.86 (2C), 133.78, 136.62,
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140.44, 151.76, 154.27, 156.24, 161.42. HRMS {EBVz calcd for GoH1oN,O [M + H]
331.1559, found 331.1562. Anal. Calcd fapisN,O; C, 72.71; H, 5.49; N, 16.96. Found: C,

72.58; H, 5.67; N, 16.90.

4.1.3.9. 2-Benzyl-5-phenyl-4H-[ 1,2 4] triazol o 1,5-a] pyrimidin-7-one (6a)

White solid, yield 83%*H-NMR: (DMSO-d;, 500 MHz)5 13.5 (s, 1H), 7.87 (d= 6.7 Hz,
2H), 7.56-7.52(m, 3H), 7.37-7.32 (m, 4H), 7.26Jd7.1 Hz, 1H), 6.33 (s, 1H), 4.12 (s, 2H);
BC-NMR: (DMSO-d, 125 MHz)5 34.45, 98.08, 127.09, 127.83 (2C), 128.89 (2C}.32
(3C), 129.48 (3C), 131.43, 133.37, 137.39, 1511A85.30. HRMS (ES) m/z calcd for
CigH1sN,O [M + H]" 303.1246, found 303.1248. Anal. Calcd foitGN,O; C, 71.51; H,

4.67; N, 18.53. Found: C, 71.64; H, 4.61; N, 18.46.

4.1.3.10. 2-Benzyl-5-(4-chloro-phenyl)-4H-[ 1,2 4] triazol o 1,5-a] pyrimidin-7-one (6b)

White solid, yield 80%H-NMR: (DMSO-d;, 500 MHz)5 13.61 (s, 1H), 7.92 (d= 8.0
Hz, 2H), 7.59 (dJ= 8.3 Hz, 2H), 7.37-7.32 (m, 4H), 7.26 @ 7.1 Hz, 1H), 6.40 (s, 1H),
4.13 (s, 2H)*C-NMR: (DMSO-g, 125 MHz):$ 33.59, 97.96, 126.68, 128.00, 128.42 (2C),
128.56, 128.67, 128.84 (2C), 128.97 (2C), 129.10),(2A35.63, 136.51, 151.08, 155.75.
HRMS (ESI) m/z calcd for GgH14N,OCI [M + H]"337.0856, found 337.0859. Anal. Calcd

for C1gH13N4OCI; C, 64.20; H, 3.89; N, 16.64. Found: C, 641823.91; N, 16.80.

4.1.3.11. 2-(4-Fluoro-benzyl)-5-phenyl-4H-[ 1,2,4] triazol o] 1,5-a] pyrimidin-7-one (6c)
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Light yellow solid yield 73%;*H-NMR: (DMSO-t;, 500 MHz)5 13.45 (s, 1H), 7.86 (s, 2H),
7.53 (s, 3H), 7.39 (s, 2H), 7.15 (s, 3H), 6.321(), 4.13 (s, 2H)*C-NMR: (DMSO-d, 125
MHz):5 33.61, 98.03, 115.56, 115.50, 127.84 (4C), 12947), 131.34, 131.41, 151.79,
156.30, 160.61, 162.54. HRMS (EBin/z calcd for GH.N.OF [M + HJ' 321.1152, found
321.1155. Anal. Calcd for gH1N.OF; C, 67.49; H, 4.09; N, 17.49. Found: C, 67.414H1;

N, 17.55.

4.1.3.12. 2-(4-Chloro-benzyl)-5-phenyl-4H-[ 1,2 4] triazol o] 1,5-a] pyrimidin-7-one (6d)

White solid, yield 70%*H-NMR: (DMSO-d;, 500 MHz)5 13.61 (s, 1H), 7.86 (s, 2H), 7.55
(s, 3H), 7.39 (s, 4H), 6.32 (s, 1H), 4.13 (s, 2HE-NMR: (DMSO-d, 125 MHz)5 30.42,
97.59,125.45, 127.37,128.03 (2C), 128.31 (2C), 52§2C), 128.89 (2C), 134.20, 137.66,
145.55, 149.91, 151.25, 155.76. HRMS (B%1t/z calcd for GgH;.N,OCI [M + H]*337.0856,
found 337.0857. Anal. Calcd for;§H1N,OCI; C, 64.20; H, 3.89; N, 16.64. Found: C, 64.26;

H, 3.85; N, 16.62.

4.1.3.13. 2-(4-Methyl-benzyl)-5-phenyl-4H-[ 1,2,4] triazol o 1,5-a] pyrimidin-7-one (6€)

White solid, yield 68%;:H-NMR: (DMSO-d;, 500 MHz):5 13.39 (s, 1H), 7.86 (s, 2H),
7.54 (s, 3H), 7.13 (s, 4H), 6.33 (s, 1H), 4.0682(3), 2.27 (s, 3H)"*C-NMR: (DMSO-d, 125
MHz):6 20.57, 33.49, 97.55, 125.47, 127.31 (2C), 128128,53, 128.83 (2C), 128.86 (2C),

128.93 (2C), 130.89, 133.75, 135.65, 151.19, 15582VS (EST) m/z calcd for GH1;N,O
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[M + H]" 317.1402, found 317.1405. Anal. Calcd fqstGeN4O; C, 72.13; H, 5.10; N, 17.71.

Found: C, 72.19; H, 5.07; N, 17.68.

4.1.3.14. 5-(4-Chloro-phenyl)-2-(4-methyl-benzyl)-4H-[ 1,2,4] triazol o] 1,5-a] pyrimidin-7-one
(6f)

Light brown solid,yield 63%;'H-NMR: (DMSO-¢;, 500 MHz):§ 13.42 (s, 1H), 7.96 (d,
J=8.1 Hz, 2H), 7.39(s, 4H), 7.30 (&8.1 Hz, 2H), 5.83 (s, 1H), 3.92 (s, 2H), 2.34 (4).3
BC-NMR: (DMSO-g, 125 MHz)5 20.59, 30.79, 97.97, 125.45, 128.04, 128.56, W@R),
128.98 (2C), 129.12 (2C), 132.23, 135.59, 135.3%.15, 137.66, 151.04, 155.77. HRMS
(ESI) m/z calcd for GoHieN,OCI [M + H]* 351.1013, found 351.1014. Anal. Calcd for

C1H1sN4OCI; C, 65.05; H, 4.31; N, 15.97. Found: C, 65H14.33; N, 15.89.

4.1.3.15. 2,5-Dibenzyl-4H-[ 1,2 4] triazol o[ 1,5-a] pyrimidin-7-one (7a)

White solid, yield 79%; 1H-NMR: (DMSO-d6, 500 MH&)13.32 (s, 1H), 7.42-7.38 (m, 4H),
7.33- 7.29 (m, 4H), 7.24-7.21 (m, 2H), 5.81 (s, 1#P4 (s, 2H), 3.96 (s, 2H). 13C-NMR:
(DMSO-d6, 125 MHz)¥ 34.40, 37.85, 98.46, 126.40, 126.99, 128.28 (2RR.60 (2C),
128.89 (4C), 136.46, 137.41, 150.95, 153.38, 155163.50. HRMS (ESI+) m/z calcd for
CiH17N,O [M + H]"317.1402, found 317.1403. Anal. Calcd forkGN,O; C, 72.13; H,

5.10; N, 17.71. Found: C, 72.36; H, 5.16; N, 17.42.

4.1.3.16. 2-Benzyl-5-(4-chloro-benzyl)-4H-[ 1,2,4] triazol o 1,5-a] pyrimidin-7-one (7b)
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White solid, yield 82%'H-NMR: (DMSO-d;, 500 MHz)5 13.26 (s, 1H), 7.41-7.37 (m, 4H),
7.32- 7.28 (m, 4H), 7.24-7.21 (m, 1H), 5.81 (s, 1#P4 (s, 2H), 3.96 (s, 2H)’C-NMR:
(DMSO-ds, 125 MHz):5 34.38, 37.13, 98.62, 126.41, 128.28 (2C), 128269,(128.89 (2C),
130.79 (2C), 131.73, 135.51, 137.36, 150.95, 152185.71, 163.45. HRMS (ESIm/z
calcd for GoH16N4OCI [M + H]" 351.1013, found 351.1016. Anal. Calcd fqstGsN,OCI; C,

65.05; H, 4.31; N, 15.97. Found: C, 65.34; H, 4NM615.83.

4.1.3.17. 2-Benzyl-5-(4-methyl-benzyl)-4H-[ 1,2,4] triazol o 1,5-a] pyrimidin-7-one (7c)

White solid, yield 58%;:H-NMR: (DMSO-d;, 500 MHz):5 13.24 (s, 1H), 7.30 (s, 4H),
7.22 (s, 3H), 7.14 (s, 2H), 5.74 (s, 1H), 4.0424d), 3.84 (s, 2H), 2.26 (s, 3HFC-NMR:
(DMSO-ds, 125 MHz): 6 20.58, 34.38, 37.54, 98.31, 126.39, 128.28 (2@8.79 (2C),
128.88 (2C), 129.14 (2C), 133.37, 136.13, 137.480).94, 153.74, 155.73, 163.44. HRMS
(ESI) miz caled for GH1oN,O [M + H]* 331.1559, found 331.1563. Anal. Calcd for

CooH1sN4O; C, 72.71; H, 5.49; N, 16.96. Found: C, 72.45536; N, 16.83.

4.1.3.18. 5-Benzyl-2-(4-fluoro-benzyl)-4H-[ 1,2,4] triazol o 1,5-a] pyrimidin-7-one (7d)

White solid, yield 67%*H-NMR: (DMSO-d;, 500 MHz):5 13.28 (s, 1H), 7.34 (dI= 5.9
Hz, 6H), 7.27 (s, 1H), 7.12 (dl= 8.8 Hz, 2H), 5.78 (s, 1H), 4.05 (s, 2H), 3.9 (b}).2
¥C-NMR: (DMSO-@, 125 MHz):5 33.48, 37.91, 98.50, 114.89, 115.06, 127.00, 2@E),

128.89 (2C), 130.79, 133.54, 136.46, 150.98, 1538%.72, 160.01, 161.93, 163.33. HRMS
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(ESI) m/z calcd for GHiN4,OF [M + H]" 335.1308, found 335.1309. Anal. Calcd for

C1H1sN4OF; C, 68.25; H, 4.52; N, 16.76. Found: C, 68.284189; N, 16.56.

4.1.3.19. 5-(4-Chloro-benzyl)-2-(4-fluoro-benzyl)-4H-[ 1,2,4] triazol o] 1,5-a] pyrimidin-7-one
(7e)

Light yellow solid, yield 71%;'H-NMR: (DMSO-d;, 500 MHz)8 13.28 (s, 1H), 7.39-7.34
(m, 6H), 7.12 (t, J= 8.7, 2H), 5.81 (s, 1H), 4.84 ZH), 3.9 (s, 2H)**C-NMR: (DMSO-d,
125 MHz)5 33.95, 37.71, 99.15, 115.38, 115.55, 129.37 (23),28 (4C), 132.24, 134.00,
136.02, 151.47, 153.43, 156.20, 160.51, 162.44. BRESI) m/z calcd for GH;sN,OFCI
[M + H]" 369.0918, found 369.0918. Anal. Calcd fogHG,N,OFCI; C, 61.88; H, 3.83; N,

15.19. Found: C, 61.67; H, 3.73; N, 15.50.

4.1.3.20. 2-(4-Fluoro-benzyl)-5-(4-methyl-benzyl)-4H-[ 1,2,4] triazol o] 1,5-a] pyrimidin-7-one

(7f)

White solid, yield 65%:H-NMR: (DMSO-d;, 500 MHz):8 13.25 (s, 1H), 7.35-7.34 (m,
2H), 7.24-7.22 (m, 2H), 7.14-7.10 (m, 4H), 5.75Xl), 4.04 (s, 2H), 3.85 (s, 2H), 2.26 (s,
3H). *C-NMR: (DMSO-d, 125 MHz):§ 21.08, 33.97, 38.05, 98.83, 115.38, 115.55, 129.29
(2C), 129.64 (2C), 131.27 (2C), 133.86, 134.04,.686151.46, 154.33, 156.22, 160.50,
162.43. HRMS (ES) m/z calcd for GoH:gN,OF [M + H]" 349.1465, found 349.1467. Anal.

Calcd for GoH;1/N4,OF; C, 68.95; H, 4.92; N, 16.08. Found: C, 68.644190; N, 16.41.
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4.1.3.21. 5-Benzyl-2-(4-chloro-benzyl)-4H-[ 1,2,4] triazol o 1,5-a] pyrimidin-7-one (7g)

White solid, yield 98%;:H-NMR: (DMSO-d;, 500 MHz):5 13.28 (s, 1H), 7.99 (s, 2H),
7.48 (d,J= 7.8 Hz, 2H), 7.41 (d}= 8.2 Hz, 2H), 7.31 (dJ= 8.1 Hz, 2H), 7.12 (d}= 7.4 Hz,
2H), 3.99 (s, 1H), 2.28 (s, 2HFC-NMR: (DMSO-d, 125 MHz):5 20.74, 30.38, 125.44 (3C),
128.08 (3C), 128.50 (3C), 130.70 (2C), 131.78, 184137.78, 145.35, 149.81, 151.39.
HRMS (ESI) m/z calcd for GH1¢N,OCI [M + H]" 351.1013, found 351.1015. Anal. Calcd

for C;gH1sN4OCI; C, 65.05; H, 4.31; N, 15.97. Found: C, 65864.32; N, 15.65.

4.1.3.22. 5-Benzyl-2-(4-methyl-benzyl)-4H-[ 1,2 4] triazol o 1,5-a] pyrimidin-7-one (7h)

White solid, yield 72%H-NMR: (DMSO-d;, 500 MHz):8 13.25 (s, 1H), 7.36-7.32 (m,
2H), 7.28-7.25 (m, 1H), 7.19 (d= 8.0Hz, 2H), 7.10 (d)= 7.8Hz, 2H), 5.77 (s, 1H), 3.99 (s,
2H), 3.90 (s, 2H), 2.50 (= 2Hz, 3H).*C-NMR: (DMSO-d, 125 MHz):$ 20.57, 33.99,
37.90, 98.47, 126.98, 128.59 (2C), 128.74 (2C),.8282C), 128.88 (2C), 134.31, 135.40,
136.47, 150.92, 153.39, 155.73, 163.65. HRMS (EBVz calcd for GoHigN,O [M + H]*
331.1559, found 331.1560. Anal. Calcd faptigN4O; C, 72.71; H, 5.49; N, 16.96. Found: C,

72.51; H, 5.29; N, 17.36.

4.1.3.23. 2-Butyl-5-phenyl-4H-[ 1,2,4] triazol o 1,5-a] pyrimidin-7-one (8a)
White solid, yield 78%'H-NMR: (DMSO-d;, 500 MHz):8 7.84 (d,J= 3.6 Hz, 2H), 7.44 (d,
J= 6.1 Hz, 3H), 6.3 (s, 1H), 2.67 @ 7.5 Hz, 2H), 1.67-1.61 (m, 2H), 1.33-1.25 (m, 2H),

0.83 (t,J= 7.4 Hz, 3H).*C-NMR: (DMSO-@, 125 MHz):§ 13.55, 21.53, 26.73, 28.77, 97.66,
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127.21 (3C), 128.81 (4C), 130.69, 150.92, 155.83M$S (EST) m/z calcd for GHiN.ONa
[M + NaJ* 291.1222, found 291.1224. Anal. Calcd fQerGN.,O; C, 67.15; H, 6.01; N, 20.88.

Found: C, 67.36; H, 6.12; N, 20.56.

4.1.3.24. 2-Butyl-5-(4-chloro-phenyl)-4H-[ 1,2 4] triazol o 1,5-a] pyrimidin-7-one (8b)

White solid, yield 79%*H-NMR: (DMSO-d;, 500 MHz):$ 7.89 (d,J= 8.5 Hz, 2H), 7.46 (d,
J= 8.5 Hz, 2H), 6.33 (s, 1H), 2.65 (5 7.5 Hz, 2H), 1.66-1.60 (m, 2H), 1.31-1.24 (m, 2H),
0.82 (t,J= 7.4 Hz, 3H)*C-NMR: (DMSO-g, 125 MHz):5 13.52, 21.50, 26.37, 28.58, 97.92,
125.47, 128.00, 128.75 (2C), 128.92 (2C), 133.35,29, 150.91, 155.83. HRMS (EBin/z
calcd for GsH16N4OCI [M + H]" 325.0832, found 325.0840. Anal. Calcd fqetsN,OCI; C,

59.51; H, 4.99; N, 18.51. Found: C, 59.56; H, 419018.55.

4.1.3.25. 2-Pentyl-5-phenyl-4H-[ 1,2,4] triazol o] 1,5-a] pyrimidin-7-one (8c)

White solid, yield 75%*H-NMR: (DMSO-d;, 500 MHz):8 7.94 (d,J= 3.6 Hz, 2H), 7.51 (d,
J= 2.3 Hz, 3H), 6.33 (s, 1H), 2.72 J& 7.5 Hz, 2H), 1.74 (t}= 7.0 Hz, 2H), 1.33 (dJ=
3.4Hz, 4H), 0.89-0.84 (m, 3HY)C-NMR: (DMSO-d, 125 MHz):5 13.80, 21.76, 26.4, 27.06,
30.61, 97.51, 125.46, 127.18 (2C), 128.00, 1287B),(130.62, 134.17, 151.12, 155.90.
HRMS (EST) m/z calcd for GgH1gN,O [M + H]* 283.1559, found 283.1559. Anal. Calcd for

C16H1sN4O; C, 68.06; H, 6.43; N, 19.84. Found: C, 68.276121; N, 19.85.

4.1.3.26. 5-(4-Chloro-phenyl)-2-pentyl-4H-[ 1,2 4] triazol o 1,5-a] pyrimidin-7-one (8d)
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White solid, yield 77%'H-NMR: (DMSO-¢s, 500 MHz):5 7.90 (d,J= 8.4 Hz, 2H), 7.48 (d,
J= 8.4 Hz, 2H), 6.34 (s, 1H), 2.65 (& 7.5 Hz, 2H), 2.32 (t)= 7.5 Hz, 2H), 1.66 (tJ)= 7.0
Hz, 2H), 1.51-1.47 (m, 2H), 1.18 (s, 3HIC-NMR: (DMSO-d, 125 MHz):3 13.82, 20.73,
21.78, 26.99, 30.61, 97.18, 125.46, 128.01, 12@1), 128.87 (2C), 134.36, 135.06, 151.89,
155.20. HRMS (ES) m/z calcd for GeH:gNJOCI [M + H]* 317.1169, found 317.1165. Anal.

Calcd for GgH17/N4,OCI; C, 60.66; H, 5.41; N, 17.69. Found: C, 60865.31; N, 17.89.

4.1.3.27. 2-Hexyl-5-phenyl-4H-[ 1,2 4] triazol o 1,5-a] pyrimidin-7-one (8¢)

White solid, yield 73%; 1H-NMR: (DMSO-d6, 500 MH#)7.90 (d,J= 5.8 Hz, 2H), 7.51 (d,
J= 5.8 Hz, 3H), 6.37 (s, 1H), 2.73 (5 7.4 Hz, 2H), 1.74-1.69 (m, 2H), 1.27 (& 3.6 Hz,
6H), 0.85 (s, 3H). 13C-NMR: (DMSO-d6, 125 MH%):13.89, 21.93, 26.66, 27.08, 28.10,
30.89, 97.63, 127.21 (2C), 128.81 (2C), 129.36,.480133.96, 146.65, 150.97, 155.85.
HRMS (EST) m/z calcd for GH,:N,O [M + H]* 297.1715, found 297.1719. Anal. Calcd for

C17/H20N4O; C, 68.90; H, 6.80; N, 18.90. Found: C, 68.606191; N, 19.09.

4.1.3.28. 5-(4-Chloro-phenyl)-2-hexyl-4H-[ 1,2,4] triazol o] 1,5-a] pyrimidin-7-one (8f)

White solid, yield 71%; 1H-NMR: (DMSO-d6, 500 MHZ)7.89 (d,J= 8.1 Hz, 2H), 7.48 (d,
J= 8.1 Hz, 2H), 6.37 (s, 1H), 2.66 (& 7.2 Hz, 2H), 1.65 (t)= 6.7 Hz, 2H), 1.20 (s, 6H),
0.78 (s, 3H). 13C-NMR: (DMS0O-d6, 125 MH#):13.87, 21.91, 26.51, 26.78, 28.07, 30.87,

97.72, 128.74 (2C), 128.91 (2C), 133.93, 135.23,.1% 154.99, 155.92, 158.82. HRMS
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(ESI) m/z caled for GH,N4OCI [M + H]" 331.1326, found 331.1329. Anal. Calcd for

Ci/H1N4OCI; C, 61.72; H, 5.79; N, 16.94. Found: C, 61815.70; N, 17.24.

4.1.3.29. 2-Heptyl-5-phenyl-4H-[ 1,2,4] triazol o] 1,5-a] pyrimidin-7-one (8g)

White solid, yield 69%*H-NMR: (DMSO-d;, 500 MHz):5 13.52 (s, 1H), 7.84 (dI= 5.6
Hz, 2H), 7.44(dJ= 5.7 Hz, 3H), 6.3 (s, 1H), 2.66 @= 7.5 Hz, 2H), 1.67-1.62 (m, 2H),
1.23-1.17 (m, 8H), 0.77 (8= 6.2 Hz, 3H)*C-NMR: (DMSO-d, 125 MHz):5 13.88, 22.02,
26.68, 27.05, 28.33 (2C), 31.09, 97.65, 125.47,.2272C), 127.99, 128.80 (2C), 130.68,
134.31, 150.91, 155.83. HRMS (EBm/z calcd for GgH,3N,O [M + H]" 311.1872, found
311.1876. Anal. Calcd for€H,,N4O; C, 69.65; H, 7.14; N, 18.05. Found: C, 69.597120;

N, 18.05.

4.1.3.30. 5-(4-Chloro-phenyl)-2-heptyl-4H-[ 1,2,4] triazol o 1,5-a] pyrimidin-7-one (8h)

White solid, yield 74%*H-NMR: (DMSO-d;, 500 MHz):8 7.90 (d,J= 8.4 Hz, 2H), 7.46 (d,
J= 8.4 Hz, 2H), 6.3 (s, 1H), 2.64 (= 7.4 Hz, 2H), 1.64 (t)= 6.8 Hz, 2H), 1.22-1.17 (m,
8H), 0.76 (tJ= 6.4 Hz, 3H).*C-NMR: (DMSO-d, 125 MHz):5 13.85, 21.99, 26.48, 26.69,
28.26, 28.32, 31.05, 97.95, 128.75 (2C), 128.92,(283.78, 135.31, 150.89, 154.97, 155.82,
158.62. HRMS (ES) m/z calcd for GgH,:N,OCI [M + H]" 345.1482, found 345.1487. Anal.

Calcd for GgH21N4OCI; C, 62.69; H, 6.14; N, 16.25. Found: C, 621896.04; N, 16.45.
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4.2 Methods for biological evaluation
4.2.1 Anticonvulsant activity in vitro
4.2.1.1 Primary neocortical neuron culture

All animal experiments were carried out in accoxawith the National Institutes
of Health guide for the care and use of Laborastomynals (NIH Publications No. 8023,
revised 1978) approved by the Animal Care and Usa@ittee at Institute of Materia
Medica in Chinese Academy of Medical Sciences. Neamal neurons were obtained
from C57 BL/6 mice at embryonic day 16. Briefly,overtical tissues were collected,;
meninges were stripped off; cortical tissues weneced by trituration with a Pasteur
pipette, and treated with trypsin for 25 min at@7The cells were then dissociated by
two successive trituration and sedimentation siapsoybean trypsin inhibitor and
DNase I-containing isolation buffer, centrifugedpdaresuspended in neurobasal
complete medium (neurobasal medium supplementedh R NS21, 1 mM
L-glutamine, 1% HEPES with 5% fetal bovine serur@ells were plated onto
poly-L-lysine-coated clear-bottomed, black-wall, -@8ll plates (Corning Life
Sciences, Acton, MA) at a density of 5.6 x 105 sfelif and incubated at 37°C in a
5% CQ and 95% humidity atmosphere. A final concentrabbrrytosine arabinoside
(ARA-C) (10 uM) was added to the culture medium after plating 24-36 h to
prevent the astrocytes proliferation. Culture madiwas half-replaced on day 5 and 7
with serum-free growth medium containing Neurobasadium supplemented with

2% NS21, 1% HEPES and 0.2 mM L-glutamine.

4.2.1.2. Intracellular Ca®" oscillation determination
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Neocortical neurons on 8-9 daiysvitro (DIV) were used to investigate the effect of
compounds on intracellular €adynamics[16]. Briefly, the growth medium was
removed and replaced with dye loading buffer (1@0well) containing 4 uM
Fluo-8/AM and 0.5% BSA in Locke’s buffer (in mM: HEES 8.6, KCI 5.6, NaCl 154,
D-glucose 5.6, MgGI1.0, CaC] 2.3, and glycine 0.1, adjust pH to 7.4). After st
incubation in dye loading buffer, the neurons werashed four times with fresh
Locke’s buffer (200uL/well) and placed in a Fluorescent Imaging PlateadRer
(FLIPR™" Molecular Devices, Sunnyvale, CA) incubation cham Basal
fluorescence levels were acquired in Locke’s buféer5 min at a sampling rate of 1
Hz followed by an addition of vehicle or compoundsing a programmable
96-channel pipetting robotic system, and the flaoeat signals were recorded for an
additional 8 min. To investigate the influence oimpounds on 4-AP -induced €a
response, a second addition of 4-AP was made aadfltiorescent signals were
recorded for an additional 8 min.

The background fluorescence of the plate was détedrfrom a sister well without
Fluo-8/AM loading, and all the fluorescence signatxe corrected by subtracting the
background fluorescence. Data were presented &, MWFere F is the fluorescent
signal at different time point minus backgroundofiescence whereas FO is the basal
fluorescence minus the background fluorescence.d&termine the compounds
response on SCOs, the SCO frequency from an edd@®0cs after addition of vehicle
(0.1% DMSO) or compounds for 60 s was manually ¢edinAll the data were

presented as % vehicle. To determine the comporegponse on 4-AP-induced Ca
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oscillation, the C# oscillation frequency was manually counted fromeaoch of 300
s in the presence or absence of compounds afteicaddf 4-AP for 120 s. The data
were presented as % of 4-AP. Events having F/FO0% Qnits were included in the
analyses of SCO frequency.
4.2.2 Anticonvulsant activity in vivo

Neurotoxicity was assessed by rotarod test. The MESFTZ and rotarod test were
carried out by the methods described in the anéppc drug development program
(ADD) of the national institutes of Health followgnpreviously described testing
procedures. All compounds dissolved in DMSO weral@ated for anticonvulsant
activities with male KunMing mice (weight 18-20 gptained from Beijing Huafukang
Bio-tech. Co, Ltd, PRC.
4.2.2.1 Maximal electroshock seizure

Seizures were elicited with a 60 Hz stimulatingreat at 50 mA intensity in mice.
The current was applied via corneal electrode®fars. Protection against the spread
of MES-induced seizures was defined as the abolitibtonic maximal extension of
the hind leg. After the administration of the corapds for 30 min, the activities were
evaluated in MES test.
4.2.2.2 Pentylenetetrazole (PTZ)-induced seizure [17]

After the intraperitoneal administration of the qumands or vehicle controls for 30
min, animals were injected with PTZ (85 mg/kg) suttaneously. 100% of the animals
displayed clonic seizure behaviors after the PEatment. The doses were calculated

which prevented 50% of the treated animals fromiclaonvulsions (ER).
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4.2.2.3 Neutotoxicity screening (Rotarod test)

At 30min after the administration of the compounite animals were tested on a
1-inch diameter, knurled plastic rod rotating atpsén for 1min. Neurotoxicity was
indicated by the inability of an animal to maintagguilibrium in each of three
trials[18].
4.2.2.4 Protective index (PI)

The protective index for the investigated compounas calculated by dividing a
TDsp value, as determined in the rotarod test, by tbe, Ealue, as determined in the
sc-PTZ test. The protective index is considerea &sctor to judge the safety margin
and tolerability of a compound between anticonvatisibbses and toxic doses[19].
4.2.2.5 GABA,; receptor test
Cell culture

T-REx™-CHO Cell Line was purchased from Thermofis{ie71807) and used to make
stable cell line expressing the hunwelf32y2 GABA, receptor subtype with Lipofectamine™
LTX Reagent with PLUS™ Reagent (Thermofisher, A1D62The stable cell line was
cultured and maintained in DMEM and nutrient F-1&tore supplemented with 10% FCS,
Blasticidin 10pg/ml, Hygromycin 30Qug/ml, Zeocin 10Qug/ml and Puromycin fug/ml.
Compound Preparation

The compound stock was prepared in DMSO at 30 mvth® experimental day, the drug
was diluted to respective concentrations (5-fota)FMP experiments.

Membrane potential FLIPR assay

The membrane potential FLIPR assay was adapted tiienprevious paper by Liu et al .
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T-REx ™-CHO Cells expressingl32y2 GABA, receptor were seeded at 12000 cells per
well in 384-well poly-D-lysine-coated plates for F\Missay incubated overnight (16~20 h) at
37 °C and 5% C® FMP blue dye was used (Molecular Devices, Unis¢ates). The FMP
assay protocol was adapted from the manufacturectsmmended protocol. Briefly, medium
was removed; cells were loaded with FMP d@euL/well, for 30 min at room temperature in
the dark. The compounds were tested from the maximacentration 90 uM with 3-fold
dilutions for 8 doses. Cell plates were loaded IttPR (Molecular Devices, United States).
After establishing fluorescence baseline by 1 Hmsmg for 10 s, the GABA channels were
activated by addition of GABA or the testing compdsa 5uL (5-fold), and fluorescence
measurement was continued at 1 Hz for another 1ELs values were determined from
dose-response curves for 8 distinct concentrationms quadruplicates. The
concentration-response curves were fitted by Hguation, according to the standard
procedure.
4.2.2.6 Electrophysiological experiments on VGSCs

All the electrophysiological experiments were parfed using EPC-10 patch clamp
amplifier (HEKA Elektronik GmbH, Germany) as debsed by Cao [20] . Cultured
neocortical neurons (5-7 DIVs) were bathed in exdksolution containing (in mM): NaCl 30,
CaCl 1.8, MgC} 1, CsCl 5, glucose 25, HEPES 5, TEA-CI 90, KCIp®l (adjusted to 7.4
with NaOH). Intracellular solution was (in mM): C4B5, NaCl 10, HEPES 5 (pH adjusted to
7.2 with CsOH), pipette-tip resistances were 8-1Q. Moltage errors were minimized using
80% series resistance compensation, and the capeeitartifact was cancelled using

computer-controlled circuitry of the patch clamppdifier. Experimental data were collected
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and analyzed using Patchmaster (HEKA Electroniesp@ny) and Graphpad 5.0 (GraphPad

Software, San Diego, CA). Concentration-responsgesuwere fitted using Hill equation:

Inor= C+A/[1 + (compound /I6)p], where Inor is normalized peak currentgl@ the half

maximal inhibitory concentration, and p is the sfaptor. All data are presented as mean +

SEM, and n is the number of independent experirhestks [20].
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Highlights

A series of [1,2,4]-triazolo[1,5-a]pyrimidine-7(4H)-one derivatives were designed
and synthesized.
These compounds exhibited specific anticonvulsant activity in in vitro and in vivo
models.

«  Among them, compound 5c and 5e displayed more pronounced activity and lower
neurotoxicity compared to the commonly used drugs.

«  Compound 5c and 5e selectively acted on GABA; receptor as positive modulators.
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