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Abstract

A series of xanthine compounds derived from theviptes hit 20i with modification
on the terminal side chain was discovered through formation strategy. Systematic
optimization of the compounds with rigid hetero@gin the hydrophobic side chain
led to the new lead compouttBK0OO01 (21h) with the improved DPP-IV inhibition
and moderate GPR119 agonism actiwuityitro. As a continuing work to further study
the PK and PD profile21h and its hydrochloride2@) were synthesized on grams
scale and evaluated on the ADME/T and oral glut¢okrance test (OGTT) in ICR
mice. Compoun@2 showed the improved bioavailability and blood gise-lowering
effect in vivo compared to its free basdh probably attributed to its improved
solubility and permeability. The preliminary toxigi studies on compoun@2
exhibited that the result of mini-Ames was negatine the preliminary acute toxicity
LDso in mice was above 1.5 g/kg, while it showed moteiahibition on hERG
channel with 1Gy 4.9 uM maybe due to its high lipophilicity. These fingswill be
useful for the future drug design for more potentl aafer dual ligand targeting
DPP-IV and GPR119 for the treatment of diabetes.
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1. Introduction

Type 2 diabetes mellitus (T2DM) is a progressiveonit disease characterized
by insulin resistance and defective insulin seargtiom the pancreas [1]. During the
development of T2DM, pancreatfEcell function gradually declines resulted in a
severe deduction of insulin secretion [2]. Glucagke peptide-1 (GLP-1) is one of
the major incretins released from intestinal erdedwocrine L cells and plays an
important role in nutrient metabolism and glucosenbostasis [3, 4]. As GLP-1 is
rapidly degraded by dipeptidyl peptidase IV (DPB;IBPP-1V inhibitors can prolong
the half-life of active GLP-1, which promotes glseestimulated insulin secretion
and decreases glucose [5].

Recently, along with the successful commercial ¢huof GLP-1 analogues and
DPP-1V inhibitors, intensive interest in the deywiwent of T2DM therapeutics has
been stimulated on the targets which enhance mseakretion in a glucose-dependent
manner in order to minimize the risk of hypoglycanjb]. On the other hand,
G-protein-coupled receptor 119 (GPR119) has beeergad as one of the most
exciting targets for the treatment of T2DM. GPRH®nists mediate a unique dual
elevation of both insulin and GLP-1, followed byealuction in blood glucose level
[7]. Representative launched DPP-IV inhibitors sueh Sitagliptin, Linagliptin,
Tenegliptin and GPR119 agonists under research as1¢kR231453, MBX-2982 are
depicted inFig. 1.
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Fig. 1. Structures of representative DPP-1V inhibitors &#R119 agonists
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Therefore, based on the biological effects of GLRHe synergistic effects
between DPP-IV inhibition and GPR119 agonism mawpngiadvantages in blood
glucose control. Indeed, in animal experiments, [womg a DPP-1V inhibitor with a
GPR119 agonist significantly increased the plasoti@eaGLP-1 levels and improved
glucose clearance [8, 9]. Inspired by the promisesyilts, the proof of concept R2idi
with jointed DPP-IV inhibition and GPR119 agonisctiaty was discovered by our
group through systematic structural modificatiosdzhon the pharmacophore merged
strategy [10]. The multi-target ligands with thevkr risk of drug-drug interactions
and simplified clinical development could offer @wn therapeutic option in the
treatment of type 2 diabetes [11-14].

In order to further improve the dual DPP-IV and @RR activities, the amide in
the hydrophobic side chain 80i was converted to various rigid heterocycles thhoug
ring formation strategy Hig. 2). Among them, compound HBKO0O0{21h) with
oxadiazole side chain can both inhibit DPP-IV actvate GPR11%®x andin vivo.
Furthermore, HBKOO1(21h) can improve islet morphology, increadgcell

proliferation and up-regulate genes involved iniavedp-cell function [15].
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Fig. 2. Structure optimization through the ring formatidarategy
Herein, we present the synthesis, SARs and ADME/MBKO001 (21h) and its

derivatives. All the compounds exhibited good DRH#hibitory activities and21h
showed better DPP-1V inhibition and comparative GP&Ragonism activity than the

hit 20i. Further druggability results revealed that HBK@G34rochloride 22) showed



improved bioavailability and glucose tolerance caneg to its free base. The further
modification based on the identified compou2ftiis ongoing for the discovery of
dual ligand drug candidate targeting DPP-IV and GFRfor the treatment type 2

diabetes.

2. Chemistry

The target xanthine derivatives can be convenieafiprded by reacting
xanthine intermediate 20 with piperidyl/piperazinyl intermediates through
retrosynthetic analysisS¢heme 1). The 1,3-dibromopropane was used as the key
precursor reagent to construct the linker betwedme txanthine and
piperidyl/piperazinyl scaffolds. A series of fivedsnember heterocycles, derived
from the privileged scaffold of DPP-IV inhibitores@GPR119 agonists, was involved

in the terminal of the aromatic side chain.

Retrosynthetic analysis Q /
/ AN N
0 — Br N)Jj[ />_N
RS N N O "N" N
O R S [ =Y — I NHBoc
Ar” 07 >N""N H 20
! NH; N -
[ Ar = five/six-member heterocycles
X X=CH,N

Ar
Scheme 1. Retrosynthetic analysis of the target compounds

The synthesis of key intermediatssg, 16a-f and19a-f containing heterocycles
is outlined inScheme 2-4. The xanthine intermedia®® is synthesized according to
our previous work [10]. The general synthetic pchoes of the target compounds
2la-s and a hydrochlorid22 are illustrated irscheme 5.
2.1 Synthesis of the piperidyl intermedia6asg

The N-Cbz piperidine-4-carboxylic acida was treated with oxalyl chloride
followed by refluxing withN'-hydroxybenzimidamide in toluene and deprotection
of Cbz to afford the oxadiazole intermedi&g[16]. The triazole piperidybb was
obtained through the click reaction between thdet and phenylacetyleri&in the
presence of Cul and DIPEA [17]. The thiazbtewas formed by the heterocyclization



of N-Boc piperidine-4-thioformamid&c anda-bromoacetophenonkfollowed by the
deprotection of Boc group. The intermedidt prepared from the amidation b&
and1d, reacted with AcCONKlin the solvent of AcOH to produce imidaz@e while
the treatment ofe with POC} in the presence of pyridine generated oxagelfL8].
The phenylacetylene3 was treated with1lf in the presence of potassium
peroxymonosulfate to form isoxazd Tetrazole6g was obtained by the amidation
of N-Boc protected piperidine-4-carboxylic acith and aniline5 followed by

heterocyclization and deprotection [19].
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Scheme 2. Synthesis of the intermediatés-g. Reagents and conditions: i. Oxalyl chloride, DMF,
DCM, r.t., 3h; ii. Toluene, reflux, 4h; iii. TMSDCM, 0°C - r.t., 4h; iv. Cul, DIPEA, DCM, r.t.,
2h; v. TFA, DCM,r.t., 2h; vi. NaHCQ, ethanol, reflux, 3h; vii. CDI, DIPEA, DCM, 0°Cr4., 12h;
viii. AcCONH,4, AcOH, reflux, 5h; ix. PO, pyridine, r.t., 2h; x. KCI, HK@B, HO, 0°C - r.t., 12h;
xi. EDCI, HOBt, TEA, acetonitrile, r.t., 5h; xii. MIS-N3;, PP, DIAD, r.t. 6 days then reflux 1h;
xiii. 7N HCI-EA, r.t., 1h.

2.2 Synthesis of the piperazinyl intermediatéa-f

The N'-hydroxybenzimidamide2 was treated withtrichloroacetic anhydride
followed by the substitution with piperazine torfothe oxadiazole intermediai®a
[20]. The treatment of benzimidami8ewith (trichloromethyl)sulfenyl chloride in the

presence of NaOH generated intermed@t&he thiadiazoled6b was formed by the
5



substitution of9 followed by the deprotection of Boc group [21].dR8ng 10 with
Boc-piperazine produced intermedidte[22]. The triazolel6c was obtained by the
heterocyclization o1 and hydrazine monohydrate followed by the deptaed23].
The methyl 3-oxobutanedithioal? was treated with Boc-piperazine followed by the
heterocyclization with phenylhydrazine and depriivecof Boc to affordhe pyrazole
16d. The thiazole 16e was formed by the heterocyclization di4 and
2-bromoacetophenone followed by the deprotectiofi.[Zhe intermediated5 was
prepared from the substitution of cyanogen bronfmleowed by the addition of
hydroxylamine. The treatment db with benzoic acid and CDI under refluxing

condition followed by the deprotection affordedeimediatel6f [25].
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Scheme 3. Synthesis of the intermediatd$a-f. Reagents and conditions: i. Trichloroacetic
anhydride, toluene, reflux, 10h; ii. Anhydrous pg®ne, DMF, r.t., 6h. iii.
(Trichloromethyl)sulfenyl chloride, NaOH, DCM, 0°Q.t., 3h; iv. 1-Boc-piperazine, TEA, DMF,
rt., 12h; v. TFA, DCM, r.t., 2h. vi. 1-Boc-pipeiae, DCM, 0°C - r.t., 2h; vii. Hydrazine
monohydrate, CHGJ reflux, 4h; viii. Phenylhydrazine, AcOH, 4A moldar sieve, dry ethanol,
reflux, 15h; ix. 2-Bromoacetophenone, NaHC@thanol, reflux, 4h. x. Cyanogen bromide,
NaHCQO; DCM/H,0, r.t., 2h; xi. 50% NRHOH aqueous solution, EtOH, reflux, 6h; xii. Berzzoi
acid, CDI, DMF, 120°C, 8h.

2.3 Synthesis of the pyrimidyl intermediats-f

The reactions of commercially available starting temial 17a-f with



Boc-piperazine3 in the presence of &0O; producedl8a-f [26]. Intermediated9a-f
were obtained by thie-Boc deprotection of8a-f.
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Scheme 4. Synthesis of the intermediat&8a-f. Reagents and conditions: i. TEA, ethanol, reflux,
6h; ii. TFA, DCM, r.t.,, 3h.
2.4 General synthesis of the target compow@idss and22

Finally, the nucleophilic substitution of xanthimgermediate20 [10] with the
corresponding intermediate8a-g, 16a-f and 19a-f in the presence of DIPEA,
followed by deprotection of Boc group, provided tterget compound®2la-s
respectively. The HBKOOlhydrochloride 22) was formed with a solution of
HCI/EtOH via salification of its free bagih.

6a-g, 16a-f, 19a-f

O —
/ i, i AN N
(0] // — X(\N j‘\ ‘ />*N
N N Ar” 07 N" N
Y | )—N > \ NH,
o) r‘\l N 21a-s

NHBoc

Ph

, ~ =
L ;\EHQ—%H ;\O %/

Ha NH,

21h (HBKO001) 22 (HBK001 hydrochloride)

Scheme 5. General synthesis of the target compoultss and22. Reagents and conditions: i.
DIPEA, DMF, 80°C, 10h; ii. TFA, DCM, r.t., 2h; iiHCI/EtOH, r.t., 3h.
2.5 Single-crystal X-ray structure of compo2idh

The configuration oR1h was confirmed by an X-ray crystal structure (CCDC
1943980, Fig. 3). The X-ray analysis data demotedréhe exclusive formation of
(R)-3-aminopiperidineat C-8. No intramolecular hydrogen bond was found the
hydrophobic phenybxadiazole side chain was linear as expected, whiak in

accordance with the pharmacophore feature for fAR139 agonist [7].
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Fig. 3. X-ray crystallographic structure of compouzith

3. Resultsand discussion

The target compounds were evaluabtedvitro for their inhibition of DPP-IV,
DPP-8/9 and agonism activities of GPR119. The itibib against DPP-IV as Kg
values and the agonism to GPR119 asoi@lues of the selected compounds were
summarized iMable 1-2 with sitagliptin and AR231453 as the positive coldr The
relative activity percentages of the correspondirgference compounds are
normalized to the activity of AR231453 at the sararcentration, and the Bg&value
refers to the concentration of the indicated conmgoweaching half potency of
GPR119 agonism itself [10].
3.1 Hit optimization through ring formation strayeg

Our previous work revealed that the linker length3omethylene units and
(R)-3-aminopiperidine were the crucial constituemsthe activities [10]. Hence, our
continuous systematic modification was focused fen terminal side chain through
ring formation strategy based on our previous2bit The amide group was directly
converted to various five-member heterocy@é&a-g (Table 1). To our delight, the
compound2la-g with rigid heterocycles retained good potency &IV with 1G5
values ranged from 0.044M to 0.27 uM. In the meanwhile, the compoun@ic-e
which have the same heteroatom position exhibitetlgsPR119 agonism above 60%
activity of AR231453 at LM. In particular, compoun#élb and21d with the triazole
and imidazole units demonstrated much better DPinNbitory activities thar0i
(DPP-IV, 1Go = 0.22uM) [10], which offered 5-fold improvement in potgndhe
results indicated that the introduction of addiibnonformational rigidity led to the

improved DPP-IV inhibitory activities. Specificallyhot only did compound®ld
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display potent DPP-IV inhibition (l§ = 0.044uM), it also exhibited good GPR119
agonism activity (E6 = 0.6 uM). Meanwhile, these compounds showed excellent
DPP-IV selectivity over DPP-8/9, which is one keaguirement due to the safety
concern.

Inspired by the improved DPP-IV inhibition from @.2M (20i) to 0.044uM
(21d) through the ring formation strategy, other vahsdive-member heterocycles
with the piperazine linker were conductédt{-m). It turned out that the installation
of polar nitrogen atom led to the improved actestiagainst DPP-1V exemplified by
compound2la with piperidine linker (1Go = 0.23uM) versus21h with piperazine
linker (ICso =0.04 uM), and similarly compoun@lc (ICso = 0.19uM) versus?21l
(ICs0 = 0.059uM). Especially, compoundlh and21l also showed the good potency
of GPR119 compared to the positive control AR231#b8itro. When the oxygen
atom in the oxadiazole in compoufih was replaced by sulfur and nitrogen atom,
the corresponding compoungs and21j decreased DPP-IV potency to 0484 and
0.076 uM, respectively. Among them, the GPR119 agonisntahpound2lj was
disappeared. In addition, the position exchangeoxjgen and nitrogen in the
oxadiazole 21m) resulted in the decreased DPP-1V inhibitory attiand maintained
GPR119 activity compared to compound®lh. The introduction of
1-(3-methyl-1-phenyl-H-pyrazol-5-yl)piperazine unit which selected frohe tside
chain of Teneligliptin afforded the desirable DRP4botency, but lost GPR119
agonism maybe due to the loss of structural limga@lk). To our delight, the
compound<1h and?21i could maintain comparable potency toward GPR11%{EC
1.40 and 1.93uM), especially, compoundlh displayed very potent DPP-IV
inhibitory activity.

Table 1. Activity of the target compounds with five-memiteterocycles against DPP-IV,

DPP-8/9 and GPR119
O //

Q /\/O;T\N | :)—NQ
I

NH,

Ar”
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DPP-1V GPR119
DPP-8/9
Compds. Ar X oinhibition®  ICx’  (10uM) %ACvity’  EC
(10 pM) (nM) (1 M) (nM)
N-O
S
2la N CH 91.8 0.23 - 55 -
N=N
~ N_é_
21b CH 98.8 0.047 0 47 -
S
Wa3
21c N CH 79.5 0.19 2.2 83 3.13
NH
Wa3
21d N CH 89.2 0.044 51 65 0.6
N
[ >+
2le o CH 97.3 0.12 3.3 80 0.83
0N ;-
21f w CH 89.2 0.19 3.3 49 -
N-N
N0
21g CH 89.0 0.27 4.6 53 -
N-O
s
21h N N 97.8 0.04 0 58 1.40
N-S
_ a3
21i N N 86.5 0.36 1.6 81 1.93
N-N
[ >4
21 ©/LH N 94.5 0.076 7.3 38 -
21k N’N; N 82.9 0.083 154 42 -
M
S
[+
211 N N 86.3 0.059 0 56 0.65
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O/N
D
21m ©/LN N 87.1 0.68 - 89 1.45

20i° 93.6 0.22 36.8 81.5 0.95
Sitagliptin 99.0 0.0084 - - -
AR231453 - - - 100 0.64

4Maximum % inhibition against DPP-I\Concentration resulting in 50% maximum inhibitioh o
DPP-IV. “Relative activity percentage was normalized to #utivation fold of AR231453.

dConcentration resulting in 50% maximum activatiativity of GPR119.°The data were cited
from our previous result [10].

Subsequently, we concentrated our efforts on titbdumodification of GPR119
pharmacophore. Attracted by the GPR119 agonist NB&2 in phase Il clinical
stage, its substituted pyrimidine unit was chosetha terminal side chain to form the
new target compound&ln-s (Table 2). It revealed that all the xanthine compounds
containing pyrimidine could maintain GPR119 agoneinove 60% activity at uM
with EGCsp values ranged from 1.41M to 4.02 uM. Among them, compoun@lr
(ECso = 1.41 uM) with fluorine substituted pyrimidine side cha@éxhibited better
potency than2lo (EGCsp = 3.99 uM) containing ethyl pyrimidine side chain like
MBX-2982. The bulky hydrophobic propyl pyrimidinermpound21lp showed better
activity than compound21ln and21o toward GPR119 (E£; = 1.85uM vs 2.56uM,
3.99 uM). The compounds with electron-donating gro@in( and 21q) displayed
better GPR119 agonism than the compound with stedectron-withdrawing group
(21s) (EGsp = 2.56 uM, 2.26 uM vs 4.02 uM). In addition, the substitution of
N-benzyl amide with pyrimidine could maintain the BP/ inhibitory activity with
ICs0 values ranged from 0.38M to 0.74uM compared to the previous 180 (ICso =
0.22 uM). Although the target compounds with pyrimidingles chain possessed
moderate to good GPR119 agonism activity compaveithd compounds containing
five-member heterocycles, that these compoundsdsed DPP-IV inhibitor activity

to some extent was unanticipated.

Table 2. Activity of the target compounds with six-membetdrocycles against DPP-IV and
GPR119

11



(0] //

N N
| N\YN(\)N OJ\N | N/>_NQ
RJ/VN I NH,
DPP-1V GPR119
Compds. R %Inhibition® 1Cs’  %Activity® ECs
(10pM) (M) (1pM)  (uM)
21n CHs 91.2 0.66 60 2.56
210 CHzCH, 86.3 0.61 85 3.99
21p CH3CH,CH; 89.2 0.59 84 1.85
21q CH:0 90.5 0.43 79 2.26
21r F 93.4 0.35 78 1.41
21s Ch 88.0 0.74 90 4.02
Sitagliptin 91.7 0.018 - -
AR231453 - - 100 0.64

dMaximum % inhibition against DPP-I\Concentration resulting in 50% maximum inhibitioh o
DPP-IV. “Relative activity percentage was normalized to #utivation fold of AR231453.
dConcentration resulting in 50% maximum activatictivity of GPR119.

3.2 Lead identification through preliminary drugdiy evaluation

To identify the metabolic and toxic liabilities d@he novelxanthine series,
compounds21b, 21d, 21h and 21l exhibited improved DPP-IV inhibitory activities
(ICs50= 0.04-0.059uM) and compoun®1lm showed potent GPR119 agonism (89%
activity; EGo = 1.45 uM), were evaluated for their hepatocyte stabilitgda
cytotoxicity in vitro (Table 3). As shown inTable 3, the selected compounds with
five-member heterocycles displayed good hepatostability in human, but low to
medium stability in mouse or rat. The Vero cellsraveften used in the cytotoxicity
experimentn vitro to evaluate the preliminary toxicity. Theirs§S against Vero cell
line were substantially different. Unfortunatelypngpound 211 with potent dual
activities and relatively good hepatocyte stabiétghibited obvious toxicity (165 =
4.3 ug/mL). Based on the comprehensive analysis of othathine compound21h
which possessed favorable human hepatocyte syalahtd noncytotoxicity was

identified as a promising lead for the treatmentliabetes. Indeed, as it was reported

12



that compoun@®1h exerted good activities in ICR mice as well asdrabetic db/db
and KKAy mice. Moreover2lh can increase first-phase insulin secretion in KKAy

mice, suggesting a direct effect on iflatells via GPR119 activation [15].
Table 3. Hepatocyte stability and cytotoxicity of seleciehthine compounds

Substrate remaining (%)? vero

Compds. o
Mouse Rat Human (pg/mL)
21b 21.0 19.7 68.1 25.9
21d 69.4 21.7 84.0 35.2
21h 32.0 23.8 101.2 46.6
21| 68.3 39.6 91.5 4.3
21m 24.2 25.0 82.0 8.7

dSubstrate concentrations were determined in incumtafter 30 min and normalized to
concentrations at time zero.

3.3 Potential candidate confirmation through sadtrfation

As shown inTable 4, compound?21h as a free base displayed a relatively low
bioavailability (12.2%). It prompted us to improtlee bioavailability by forming its
hydrochloride22. Following a single oral and an intravenous admiatgin of 22,
this compound exhibited high plasma exposure (AWUG= 656 ng-h/mL), high
maximum plasma concentratio@.{=226 ng/ml) and medium elimination half-life
(tz2 = 1.08 h) after oral administration dosed at 30kgdfree base content) in rat.
The oral bioavailability was increased from 31.8%#2.4% compared to its free base
21h at the same dose (30 mg/kg). In addition, compdhdghowed slowert.x and
longer MRTp. in rat after oral administration. These resultigated that compound
22 with superior PK properties may enhanceitheivo efficacy in animal models.

Table 4. Mouse and Rat Pharmacokinetic Propertiealbfand22

Parameters Units 21n 22
Mouse (PG) Mouse (I\}”) Rat (PO) Rat (PO) Rat (IV)
Dose mg/kg 20 2 30 30 3
ty)o h 1.06 1.64 1.11 1.08 0.63
ta h 0.42 - 1.17 1.33 -
Crax. ng/mL 213 850 192 226 416
AUC g h*ng/mL 308 257 468 623 147
AUC(OW)f h*ng/mL 318 261 502 656 167
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MRT 0° h 1.22 0.76 2.11 2.22 0.73
F % 12.2 31.8 42.4

%Per os. "Intravenous injection.Plasma elimination half-life “Time of maximum plasma
concentration.®Maximum plasma concentratiordPlasma exposure’Mean residence time.
"Bioavailability.

To confirm the pharmacokinetic results2# and21h, the euglycemic ICR mice
was used to explore the glucose-lowering efféag.(4A). In ICR mice, a single oral
administration oR2 (30 mg/kg free base content) significantly reduced blood ghec
level at 30 minutes after oral glucose loading. fespively,22 could achieve a much
betterin vivo effect compared to its free base at the same @@mg/kg) Fig. 4A).
The oral glucose tolerance test (OGTT) is the ezfee method assessing glucose
tolerance in the body. It reflects glucose utili@atand insulin sensitivity after oral
intake of glucose. To further evaluate the antbdiec effect of22, we performed
OGTT in ICR mice with22 and positive controlsH{g. 4B). The area under the curve
of OGTT (AUCogty) Of 22-treated group was significantly decreased by 26a8%e
dose of 30 mg/kg, which was almost equivalent ®@AC of the linagliptin-treated
group (26%, 2 mg/kg) and sitagliptin-treated gr¢2p.3%, 10 mg/kg), better than the
AUC of APD597-treated group (19.9%, 10 mg/kg) gsoaitive control of GRP119
agonist Fig. 4B). These findings indicated that compou@@ could achieve
comparative glucose-lowering effantvivo. Thus far, all the above results supported

compound22 to be worth of further investigation on druggalili

-o- Vehicle 500
-+ 21h
- 22 400 %
300
200
100
0

Vehicle 21h 22

AUCogrr (mg*hidl)

0 30 60 90 120
Time (min)

-~ Vehicle
- 22 5 400
Linagliptin -.; hk wkx KKK

-e- Sitagliptin g 300
-m- APD597 [
© 200
o
S
2 100
0

0 30 60 90 120
" 5 & Lig
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%
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Q’b

Fig. 4. Oral glucose tolerance test in ICR mic&) Blood glucose level and area under the curve

of glucose tolerance test (AGrr) measurements after single dose treatme@ilofand22. (B)
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Blood glucose level and AWt measurements after single dose treatmeri2odnd positive
controls. All experiments were performed indeperigeData are shown as mean + SEM of every
group, n = 10. *P < 0.05, *P < 0.01, **P < 0.00ds vehicle group.

Inspired by the promising PK and PD profiles afoeationed, selected
ADME/T studies were conducted on compouB2 As presented inTable 5,
compound 22 showed high permeability and moderate metabolidilgia This
compound?2 exhibited very high plasma protein binding (PPB6%) in five species,
possibly due to its high lipophilicity. The ClogRlue of21 (free base form a22) is
3.41, while the values of linagliptin and AR2314&% 1.91 and 2.21, respectively,
calculated with ChemDraw Professional 16.0.

As depicted inTable 6, compound2 displayed high Ig value against Vero cell,
indicating a lack of toxicity to renal cell. A prelinary in vivo tolerability study was
carried out in mice with a single dose at 1.5 g/kli.animals survived after oral
administration followed by a 7-day observation. &y, the result of bacterial
reverse mutation assay in Salmonella typhimuriustetestrains TA98 and TA100 was
negative, which suggests low potential for gendatibxi Maybe attributed its high
lipophilicity and aromatic character of linear sideain being curial for GPR119
agonism activity, compoun2l showed moderate inhibition of the hERG channel in
manual patch clamp assay 4G 4.9uM). It precludes that it could be a challenge to
balance the physiological properties and biologeetivities to afford a promising
candidate with more potent anti-diabetic activityldower toxicity targeting DPP-IV
and GPR119 at the same time.

Table 5. In vitro ADME data for compoun@d2

Papp Mouse Liver Microsome Plasma Protein Binding (%)

Compd
(x10°cm/s) substrate remaining (‘%) Mouse Rat Dog Monkey Human

22 19.1+1.1 49.3% 98,5 96.1 96.3 96.0 97.2

aapparent permeability coefficieSubstrate concentrations were determined in inastvith
NADPH after 30 min and normalized to concentratiatisme zero‘Binding at 5 h, starting
concentration pM.

Table 6. Preliminary toxicity study of compourit?
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Cytotoxicity Acute Toxicity Study hERG K’ inhibition
Compd Mini-Ames’
Vero (ug/mL) (LDso) 1Cs0 (LM)

22 >64 > 1.5 g/kg negative 4.9

®No. of animals that survived/total no. of animdterl7 days.
®Genetic safety assay using two Salmonella stral88 and TA100.

4. Conclusion

In summary, we have synthesized and characterizeskrees of xanthine
compounds derived from our previous HOi modification on the terminal
hydrophobic side chain through ring formation &gyt Systematic optimization led
to the identification of compoundBKOO1 hydrochloride22, which proved to be a
dual modulator targeting DPP-IV and GPR119 witliceght in vivo glucose-lowering
effect and favorable PK properties. The resultpreliminary toxicity investigation
exhibited that this compound2 displayed the moderate inhibition of the hERG
channel possibly due to its high lipophilicity. Thfforts to maintain the activity but
reduce the hERG inhibition through increasing tldrbphilic or the rigidity of the
entire molecule are ongoing in order to develop rtiee promising candidates as

anti-diabetic agents with dual mechanism targeioitn DPP-IV and GPR119.

5. Experimental
5.1. Chemistry
5.1.1. General experimental information

Melting points were determined on Yanaco MP-J3 ascope melting point
apparatus which is uncorrected. NMR spectra weoerded on Varian-400 and
Mercury-500 spectrometer. ESI-HRMS data were measun Thermo Exactive
Orbitrap plus spectrometer. Chemical shifts arerezfced to the residual solvent peak
and reported in ppm (d scale) and all coupling taomtsQ) values are given in Hz.
The following multiplicity abbreviations are use@) singlet, (d) doublet, (t) triplet,
(q) quartet, (m) multiplet, and (br) broad. TLC weeried out on silica gel plates

(GF254) with visualization of components by UV ligl254 nm) or exposure te. |
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Column chromatography was carried out on silica (§&0-300 mesh). Petroleum
ether (PE), extra pure, boiling range 60-90°C. th# solvents and chemicals were

obtained from commercial sources and used withativér purification.

5.1.2. Preparation of benzyl
4-((2-oxo-2-phenylethyl)car bamoyl)piperidine-1-carboxylate (1€)

1,1'-Carbonyldiimidazole (1.42 g, 8.74 mmol) wagledl to 1a (2.00 g, 7.60
mmol) in CHCl, (15 mL)cooled with an ice bath. The mixture was stirredoaim
temperature under argon for 3 h. 2-Aminoacetophenoydrochlorideld (1.37 g,
7.98 mmol) and DIPEA (1.39 mL, 7.98 mmol) were theided to the reaction
mixture. The mixture was stirred at room tempegttor additional 9 h, then
evaporated under reduced pressure. The residuepw#eed by silica gel flash
column chromatography (GBI,/JEtOAc = 40:1, V/V) to afford the compountk
(1.50 g, 51.9% vyield) as a light-brown d#f NMR (400 MHz, CDCJ) §: 7.97 (m,
2H), 7.63 (m, 1H), 7.51 (m, 2H), 7.34 (m, 5H), 6(6@s, 1H), 5.14 (s, 2H), 4.76 d,
= 4.0 Hz, 2H), 4.24 (m, 2H), 2.88 (m, 2H), 2.42 (tH), 1.88 (m, 2H), 1.73 (m, 2H).
MS (ESI) m/z 381.19 [M+H]

5.1.3. Preparation of the piperidyl inter mediates 6a-g
5.1.3.1. Preparation of 3-phenyl-5-(piperidin-4-yl)-1,2,4-oxadiazole (6a)

To a solution ofla (1.50 g, 5.70 mmol) and DMF (0.03 mL) in anhydrous
dichloromethane (5 mL) was added oxalyl chloride68mL, 7.98 mmol). The
mixture was stirred at room temperature for 3 lkentboncentrated. The residue was
dissolved in toluene (4 mL). A solution &f(0.29 g, 3.17 mmol) in toluene (4 mL)
was added to the solution at 0 °C, then the mixtwae heated to reflux for 4 h. After
evaporated under reduced pressure, the residuepwrdiged by silica gel flash
column chromatography (PE/EtOAc = 9:1, V/V) to gaeellow 0il (0.89 g, 77.4%
yield). *H NMR (500 MHz, CDCJ) & 7.95 (m, 2H), 7.35 (m, 3H), 7.22 (m, 5H), 5.04
(s, 2H), 4.06 (brs, 2H), 2.99 (m, 3H), 1.99 (m, 2HY9 (m, 2H)"*C NMR (125 MHz,
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CDCl3) 6 180.7, 167.9, 154.8, 136.3, 130.8, 128.5, 12&2,7, 127.6, 127.1, 126.5,
66.9, 42.7, 33.9, 28.7.

lodotrimethylsilane (0.84 mL, 5.88 mmol) was addedthe above yellow oil
(0.89 g, 2.45 mmol) in C¥Cl, (6 mL) cooled with an ice bath. The mixture was
stirred at room temperature for 4 h and quenchéld methanol (1 mL), followed by
the addition of 2N HCI aqueous solution (15mL) a&tiayl ether (10 mL). The organic
phase was separated and the aqueous phase (15aslbasified with KCO; to pH
8-9 and extracted three times with £&Hy (3%x15 mL). The combined organic phases
were washed with brine, dried overJS&), filtered and evaporated vacuoto afford
the titte compoundsa (0.49 g, 87.2% vyield) as a yellow solid. M.p.: 8628. *H
NMR (400 MHz, CDCJ) 6: 8.08 (m, 2H), 7.49 (m, 3H), 3.23 (m, 2H), 3.15, (th),
2.82 (m, 2H), 2.54 (brs, 1H), 2.15 (m, 2H), 1.92 2H).*C NMR (100 MHz, CDGJ)
6 181.9, 168.3, 131.2, 128.9, 127.5, 127.1, 45.79,330.3. MS (ESI) m/z 230.15
[M+H] ™.

5.1.3.2. Preparation of 4-(4-phenyl-1H-1,2,3-triazol-1-yl)piperidine (6b)

To a solution oflb (0.23 g, 1.0 mmol), DIPEA (0.65 g, 5.0 mmol) anal (©.057
g, 0.03 mmol) in methanol (15 mL) was added phemgtidene3 (0.68 mL, 7.98
mmol). The mixture was stirred at room temperafare2 h, then concentrated. The
residue was diluted with EA (50 mL) and,® (10 mL). The organic phase was
separated and washed with 10% citric acid (10 nrg lrine (10 mL), dried over
NaSQ,, filtered and evaporatdd vacuoto give a light-yellow solid0.28 g, 80.3%
yield).'H NMR (400 MHz, CDC}) &: 7.82 (m, 2H), 7.77 (s, 1H), 7.43 (m, 2H), 7.34
(m, 1H), 4.66 (m, 1H), 4.30 (m, 2H), 2.96 (m, 28)24 (m, 2H), 2.01 (m, 2H), 1.49
(s, 9H). MS (ESI) m/z 329.25 [M+H]

Trifluoroacetic acid (0.7 mL) was added to the abbght-yellow solid dissolved
in CH.CI, (2 mL). The solution was stirred at room tempe®afor 2 h. The mixture
was diluted with HO (15 mL) and ethyl ether (15 mL). The organic ghasms
separated and the aqueous phase (15 mL) was Hasitie K.CO; to pH 8-9 and
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extracted with CBHCI, (5%20 mL). The combined organic phases were washtd
brine (10 mL), dried over N&Q,, filtered and evaporatdd vacuoto afford the title
compoundéb (170 mg, 89.0% yield) as an off-white sold.p.: 90-92°C!H NMR
(400 MHz, CDC}) 6: 7.83 (m, 2H), 7.78 (s, 1H), 7.43 (m, 2H), 7.32 (tH), 4.62 (m,
1H), 3.28 (m, 2H), 2.82 (m, 2H), 2.24 (m, 2H), 1(88 2H), 1.57 (brs, 1H). MS (ESI)
m/z 229.15 [M+H].

5.1.3.3. Preparation of 4-phenyl-2-(piperidin-4-yl)thiazole (6c)

To a solution oflc (0.30 g, 1.23 mmol) and NaHG@0.21 g, 2.46 mmol) in
ethanol (5 mL) was addegtbromoacetophenone (0.26 g, 1.29 mmol). The mixture
was heated to reflux for 3 h. After evaporated umdduced pressure, the residue was
purified by silica gel flash column chromatograpglgH.Cl./EtOAc = 40:1, V/V) to
give a light-brown 0i(0.40 g, 93.2% yield)H NMR (400 MHz, CDC}) &: 7.90 (m,
2H), 7.42 (m, 2H), 7.38 (s, 1H), 7.34 (m, 1H), 4(&4 2H), 3.33 (m, 1H), 2.93 (m,
2H), 2.17 (m, 2H), 1.77 (m, 2H), 1.48 (s, 9H). M=5() m/z 345.18 [M+H].

Trifluoroacetic acid (1.0 mL) was added to the abdight-brown oil (0.39 g,
1.15 mmol) dissolved in Ci€l, (3 mL). The solution was stirred at room tempeetu
for 2 h. The mixture was diluted with,8 (15 mL) and ethyl ether (10 mL). The
organic phase was separated and the aqueous Abasd | was basified with }COs;
to pH 8-9 and extracted with GaI, (3x20 mL). The combined organic phases were
washed with brine, dried over p&0,, filtered and evaporatad vacuoto afford the
titte compound6c (0.24 g, 85.7% yield) as an off-white solid. M.#6-78°C.*H
NMR (400 MHz, CDC}) &: 7.88 (m, 2H), 7.41 (m, 2H), 7.35 (s, 1H), 7.30, (th),
3.20 (m, 3H), 2.80 (m, 2H), 2.17 (m, 2H), 1.73-1(84 3H).**C NMR (100 MHz,
CDCl3) 6 175.8, 155.0, 134.9, 128.8, 128.1, 126.5, 1116/4,441.3, 34.0. MS (ESI)
m/z 245.13 [M+H].

5.1.3.4. Preparation of 4-(4-phenyl-1H-imidazol-2-yl)piperidine (6d)

To a solution ofle (0.73 g, 1.92 mmol) in acetic acid (5 mL) was atide
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ammonium acetate (2.07 g, 26.86 mmol). The mixtuas heated to reflux for 5 h.
After cooling to room temperature, the reaction tonig was poured into water (20
mL) and extracted with Ci€l, (3x20 mL). The combined organic phases were
washed with brine, dried over p&0,, then filtered. After evaporated under reduced
pressure, the residue was purified by silica geakHl column chromatography
(PE/EtOAc = 1:1, V/V) to give a light-yellow ofD.66 g, 83.7% yield):H NMR (400
MHz, CDCk) &: 7.67 (m, 2H), 7.38 (m, 7H), 7.23 (m, 2H), 5.1338l), 4.28 (m, 2H),
3.04 (m, 1H), 2.93 (m, 2H), 2.05 (m, 2H), 1.73 @hl).

lodotrimethylsilane (0.60 mL, 4.15 mmol) was addedhe above light-yellow
oil (0.63 g, 1.73 mmol) in anhydrous dichloromethdh0 mL) at room temperature
under argon. The mixture was stirred for 4 h andnghed with methanol (1 mL),
followed by the addition of 2N HCI aqueous solut{@mL) and ethyl ether (10 mL).
The organic phase was separated and the aqueoss (@tamL) was basified with
K2CO; to pH 8-9 and extracted with GEI; (3x15 mL). The combined organic
phases were washed with brine, dried ovesS{Ty, filtered and evaporatdd vacuo
to afford the title compoun@d (0.44 g, 99.3% vyield) as an off-white solid. M.p.:
92-94°C.*"H NMR (400 MHz, CDC}) 6: 7.68 (m, 2H), 7.35 (m, 2H), 7.21 (m, 2H),
3.18 (m, 2H), 2.94 (m, 1H), 2.72 (m, 2H), 2.02 @hi), 1.76 (m, 2H). MS (ESI) m/z
228.97 [M+HT.

5.1.3.5. Preparation of 5-phenyl-2-(piperidin-4-yl)oxazole (6€)

To a solution ofle (0.80 g, 2.10 mmol) in pyridine (5 mL) was addédgphorus
oxychloride(1.0 mL, 10.5 mmol). The mixture was stirred atmotemperature for 2
h and then slowly poured into saturated NaHG@Qlution (20 mL) cooled by ice bath.
The aqueous phase was extracted with ethyl aca0 mL) and the combined
organic phases were dried over,8@, filtered and evaporateth vacuo The
resulting residue was purified by silica gel flasllumn chromatography (PE/EtOAc
= 1:1, VIV) to give a light-yellow 0i(0.66 g, 86.8% yield)*H NMR (400 MHz,
CDCl) &: 7.60 (m, 2H), 7.37 (m, 8H), 7.24 (s, 1H), 5.1538), 4.20 (m, 2H), 3.07
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(m, 2H), 2.11 (m, 2H), 1.05 (m, 3H). MS (ESI) m&3317 [M+H] .

lodotrimethylsilane (0.66 mL, 4.64 mmol) was addedhe above light-yellow
oil (0.60 g, 1.93 mmol) in anhydrous dichloromethgh0 mL) at room temperature
under argon. The mixture was stirred for 4 h andnghed with methanol (1 mL),
followed by the addition of 2N HCI aqueous solut{@mL) and ethyl ether (10 mL).
The organic phase was separated and the aqueoss @tamL) was basified with
K2COs; to pH 8-9 and extracted with GEI, (3x15 mL). The combined organic
phases were washed with brine (15 mL), dried ov@SRy, filtered and evaporated
in vacuoto afford the title compoun€e (0.43 g, 96.4% yield) as an off-white solid.
M.p.: 62-64°C.*H NMR (400 MHz, CDCJ) &: 7.61 (m, 2H), 7.40 (m, 2H), 7.30 (m,
1H), 7.22 (s, 1H), 3.19 (m, 2H), 3.00 (m, 1H), 2(A@Y, 2H), 2.10 (m, 2H), 1.96 (brs,
1H), 1.84 (m, 2H)**C NMR (100 MHz, CDCJ) § 166.7, 150.9, 129.0, 128.3, 128.3,
124.1, 121.7, 46.0, 36.2, 30.8. MS (ESI) m/z 229M38H] *.

5.1.3.6. Preparation of 5-phenyl-3-(piperidin-4-yl)isoxazole (6f)

To a solution oflf (2.13 g, 9.33 mmol), phenylacetyleB€0.68 mL, 7.98 mmol)
and KCI (0.70 g, 9.33 mmol) in water (20 mL) wasled HKQS (8.57 g, 13.95
mmol). The mixture was stirred at room temperatwernight and then extracted
with CH,Cl, (3%x30 mL). The combined organic phases were waslibdbrine, dried
over NaSQ,, filtered and evaporated under reduce pressure.ré&bulting residue
was purified by silica gel flash column chromatqira (CHCI./EtOAc = 40:1, V/V)
to give a colorless 0{[1.16 g, 37.9% yield)H NMR (400 MHz, CDC}) &: 7.76 (m,
2H), 7.46 (m, 3H), 6.38 (s, 1H), 4.18 (m, 2H), 2(®4 3H), 1.98 (m, 2H), 1.72 (m,
2H), 1.48 (s, 9H)™C NMR (100 MHz, CDCJ) § 170.0, 167.5, 154.9, 130.2, 129.1,
127.7, 125.9, 97.7, 79.8, 43.7, 34.4, 31.0, 28.8.(ESI) m/z 351.17 [M+H]

Trifluoroacetic acid (3.0 mL) was added to the abawlorless oil (1.10 g, 3.55
mmol) dissolved in CkCI, (10 mL). The solution was stirred at room tempewafor
2 h. The mixture was diluted with,® (20 mL) and ethyl ether (20 mL). The organic

phase was separated and the aqueous phase (20aslbasified with KCO; to pH
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8-9 and extracted with GE&l, (3x30 mL). The combined organic phases were
washed with brine (20 mL), dried over 182, filtered and evaporateid vacuoto
afford the title compoundf (0.65 g, 85.0% vyield) as an off-white solid.p.:
96-99°C'H NMR (400 MHz, CDCY) &: 7.82 (m, 2H), 7.50 (m, 3H), 6.98 (s, 1H),
3.83 (brs, 1H), 3.05 (m, 2H), 2.86 (m, 1H), 2.66 @H), 1.87 (m, 2H), 1.59 (m, 2H).
¥c NMR (100 MHz, CDGJ) ¢ 169.9, 168.0, 130.2, 129.1, 127.7, 125.9, 97.72,46
34.4,31.9. MS (ESI) m/z 229.13 [M+H]

5.1.3.7. Preparation of 4-(1-phenyl-1H-tetrazol-5-yl)piperidine hydrochloride
(69)

To a solution oflg (1.00 g, 4.37 mmol) in acetonitrile (10 mL) waslad EDCI
(0.84 g, 44 mmol), HOBt (0.59 g, 4.37 mmol), trigdmine (0.68 mL, 4.81 mmol)
and aniline5 (0.44 g, 4.37 mmol)n turn. The mixture was stirred at room
temperature for 5 h and then diluted with £ (50 mL) and saturated NaHGO
solution (10 mL). The organic phase was separatedwashed with brine (20 mL),
dried over NgSQ,, filtered and evaporated vacuoto give an off-white solid0.83 g,
62.5% yield)."H NMR (400 MHz, CDC}) 6 7.52 (m, 3H), 7.31 (t) = 7.9 Hz, 2H),
7.10 (t,J = 7.4 Hz, 1H), 4.18 (m, 2H), 2.76 (m, 2H), 2.38 (th), 1.87 (m, 2H), 1.75
(m, 2H), 1.47 (s, 9H).

To a solution of the above off-white solid (0.40 d,.32 mmol),
triphenylphosphine (0.80 g, 2.63 mmol) and TM$-0.35 mL, 2.63 mmol) in
anhydrous THF (10 mL), DIAD (0.52 mL, 2.63 mmol) svadded dropwiseooled
with an ice bath. The mixture was stirred at ro@mperature for 6 days, and then
heated to reflux for 1 h. After cooling to room feenature, 7 N HCI-EA solution (10
mL) was added to the mixture and stirred at roomperature for additional 1 h. The
mixture was diluted with ethyl acetate (10 mL) aheén filtered. The residue was
washed with ethyl acetate to afford the title coompb6g (0.30 g, 86.0%) as an
off-white solid. M.p.:110-112°C*H NMR (400 MHz, DMSOsdg) &: 9.29 (brs, 1H),
9.16 (brs, 1H), 8.35 (brs, 1H), 7.68 (m, 5H), 3(@0 3H), 2.96 (M, 2H), 2.02 (m, 4H).
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MS (ESI) m/z 230.14 [M+H]

5.1.4. Preparation of 3-phenyl-5-(trichloromethyl)-1,2,4-oxadiazole (7)

To a solution of2 (2.50 g, 18.36 mmol) in toluene (20 mL) was added
trichloroacetic anhydride (4.30 mL, 23.50 mmol) plrase and the mixture was
heated to reflux for 10 h. After evaporated undetuced pressure, the residue was
diluted with ethyl acetate (30 mL). The organic gdavas washed with brine (15 mL),
dried over NgSQ,, filtered and evaporatesh vacuo The residue was purified by
silica gel flash column chromatography (PEACH = 100:1) to give a colorless oil

(4.39 g, 90.7% yield}H NMR (400 MHz, CDCJ) &: 8.13 (m, 2H), 7.53 (m, 3H).

5.1.5. 5-Chloro-3-phenyl-1,2,4-thiadiazole (9)

To a solution o8B (0.50 g, 3.19 mmol) and (trichloromethyl)sulfeylloride (10
mL) in CH,Cl, (10 mL) cooled by ice bath was added NaOH (0.645396 mmol)
and the mixture was stirred for 1 h, then stirrecbam temperature for additional 2 h.
The mixture was diluted with G&l, (30 mL). The combined organic phases were
washed with brine, dried over p&0O,, filtered and evaporateish vacuoto give a

light-yellow oil. The product was used to the nstep without further purification.

5.1.6. Preparation of tert-butyl
4-(benzoylcar bamothioyl)piperazine-1-carboxylate (11)

To a solution of 1-Boc-piperazine (0.50 g, 2.68 rjnm anhydrous ChkCl, (10
mL), a solution ofl0 (0.38 mL, 2.68 mmol) in C§Cl, (5 mL) was added dropwise
cooled by ice bath. The mixture was stirred at rommperature for 2 h. After
evaporated under reduced pressure, the resultanduee was washed with the mixed
solvent (6 mL, diethyl ether/hexane = 1:2, V/V)diwe an off-white solid (0.85 g,
90.6%).M.p.: 142-145 °C*H NMR (400 MHz, CDCJ) 6: 8.49 (brs, 1H), 7.83 (m,
2H), 7.60 (m, 1H), 7.50 (m, 2H), 4.18 (m, 2H), 3(64, 6H), 1.48 (s, 9H). MS (ESI)
m/z 372.13 [M+Nal.
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5.1.7. Preparation of tert-butyl 4-car bamothioylpiperazine-1-car boxylate (14)

Intermediatell (0.66 g, 1.86 mmol) was dissolved in 50% hydraziydrate
agueous solution (3 mL). The mixture was stirredoaim temperature for 4 h, then
diluted with CHCI, (30 mL). The organic phase was washed with 10%c aicid
(2x30 mL) and brine (25 mL), dried over %0, filtered and evaporated under
reduced pressure. The resulting residue was wasitlediethyl ether (20 mL) to give
an off-white solid(0.38 g, 81.1% yield}H NMR (400 MHz, CDCJ) §: 5.82 (brs, 2H),
3.84 (m, 4H), 3.55 (m, 4H), 1.47 (s, 9H). MS (ESI 246.13 [M+H].

5.1.8. Preparation of tert-butyl
(2)-4-(N'-hydroxycar bamimidoyl)piper azine-1-car boxylate (15)

To a solution of 1-Boc-piperazir3 (0.50 g, 2.68 mmol) and NaHG@queous
solution (1.10 g in 20 mL D) in CHCl, (10mL), a solution of cyanogen bromide
(0.34 g, 3.22 mmol) in C¥l, (10 mL) was added dropwise cooled by ice bath. The
mixture was stirred at room temperature overnig¢ien diluted with the saturated
NaHCQ; solution (10 mL) and extracted with @B, (3%x15 mL). The combined
organic phases were washed with brine (20 mL),ddaeer NaSQ,, filtered and
evaporatedh vacuoto afford a white solid (0.54 g, 95.4% yieldjl NMR (400 MHz,
CDCl) & 3.53-3.50 (m, 4H), 3.20-3.18 (m, 4H), 1.46 (s, 9H)

50% hydroxylamineagueous solution (0.15 mL, 2.45 mmol) was addethé¢o
solution of the above white solid (0.50 g, 2.37 njno ethanol (5 mL). The mixture
was heated to reflux for 6 h, then concentrate@ rEsidue was dissolved in toluene
(10 mL) and evaporateid vacuoto afford an off-white solid (0.53 g, 91.5% yield).
M.p.: 164-166 °C.*H NMR (500 MHz, CDC}) & 4.50 (s, 1H), 3.57-3.43 (m, 4H),
3.13 (m, 3H), 3.00-2.93 (m, 1H), 1.55-1.47 (m, 9H).

5.1.9. Preparation of the piperazinyl inter mediates 16a-f
5.1.9.1. Preparation of 3-phenyl-5-(piperazin-1-yl)-1,2,4-oxadiazole (16a)
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A solution of anhydrous piperaziri@.8 g, 33.32 mmol) in DMF (20 mL) was
added slowly to the mixture of (4.39 g, 16.66 mmol) and DMF (15 mL). The
mixture was stirred at room temperature for 6 hteAfevaporated under reduced
pressure, the residue was diluted with EA (200 rahyl washed with brine (100
mLx2), dried over Nz&5O,, filtered and evaporated under reduced pressune. T
residue was purified by silica gel flash columnarhatography (CkCl,/MeOH =
100:1, V/V) to afford the title compouritba (2.35 g, 61.2% vyield) as a light-yellow
solid. M.p.: 65-67°C*H NMR (400 MHz, CDCY) 6: 7.99 (m, 2H), 7.44 (m, 3H), 3.73
(m, 4H), 3.04 (m, 4H), 2.16 (brs, 1H}C NMR (100 MHz, CDGCJ) & 171.2, 168.8,
130.8, 128.7, 127.9, 127.3, 47.0, 45.5. MS (ESP 2%/1.13 [M+H].

5.1.9.2. Preparation of 3-phenyl-5-(piperazin-1-yl)-1,2,4-thiadiazole (16b)

Triethylamine (1.8 mL, 12.77 mmol) was added to @utoon of 9 and
1-Boc-piperazine (0.60 g, 3.19 mmol) in DMF (4 mIhe mixture was stirred at
room temperature overnight, then concentrated. réselue was diluted with water
(10 mL) and extracted with ethyl acetate (3x20 mit)e combined organic phases
were washed with brine (20 mL), dried over,8@, filtered. After evaporated under
reduced pressure, the residue was purified byasjal flash column chromatography
(PE/ EtOAc = 10:1, V/V) to give a light-yellow sdli(0.62 g, 55.6% vyield over two
steps)*H NMR (400 MHz, CDCJ) &: 8.19 (m, 2H), 7.42 (m, 3H), 3.60 (m, 8H), 1.49
(s, 9H). MS (ESI) m/z 347.17 [M+H]

Trifluoroacetic acid (5.0 mL) was added to the abbght-yellow solid (0.61 g,
1.76 mmol) dissolved in Ci€l, (5 mL). The solution was stirred at room tempeetu
for 2 h. The mixture was diluted with,8 (15 mL) and ethyl ether (15 mL). The
organic phase was separated and the aqueous Abasd ) was basified with }CO3;
to pH 8-9 and extracted with GaI, (4x20 mL). The combined organic phases were
washed with brine, dried over p&0,, filtered and evaporatad vacuoto afford the
titte compound16b (0.34 g, 79.2% vyield) as an off-white solid. M.8:79°C.H
NMR (400 MHz, CDCJ) 6: 8.19 (m, 2H), 7.42 (m, 3H), 3.60 (m, 4H), 3.03, @hi),
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2.08 (brs, 1H). MS (ESI) m/z 247.11 [M+H]

5.1.9.3. Preparation of 1-(5-phenyl-4H-1,2 4-triazol-3-yl)piperazine (16c)

Hydrazine monohydrate (Hydrazine, 64%) (0.59 g,mM@ol) was added to a
solution of11 (0.85 g, 2.3 mmol) in chloroform (20 mL). The mix¢ was heated to
reflux for 4 h, then concentrated. The residue didged with water (30 mL) and
extracted with ethyl acetate (3x30 mL). The comdineganic phases were washed
with brine, dried over N&O,, filtered. After evaporated under reduced presshe
residue was purified by silica gel flash columnarhatography (PE/ EtOAc = 2:1,
V/IV) to give an off-white solid (0.46 g, 61.3% Vil M.p.:176-178 °C!H NMR
(400 MHz, CDC}) &: 8.81 (brs, 1H), 7.89 (m, 2H), 7.41 (m, 3H), 3(62 4H), 3.45
(m, 4H), 1.48 (s, 9H)*C NMR (125 MHz, CDGJ) § 163.0, 157.5, 154.8, 129.8,
129.2, 128.8, 126.3, 80.2, 46.5, 43.1, 28.5. MS)(Ef 330.24 [M+H].

Trifluoroacetic acid (2.0 mL) was added to the aboff-white solid (0.46 g, 1.40
mmol) dissolved in CECl, (5 mL). The solution was stirred at room tempeafor
2 h. The mixture was diluted with,® (15 mL) and ethyl ether (15 mL). The organic
phase was separated and the aqueous phase (15aslbasified with KCO; to pH
8-9 and extracted with Gl (4x30 mL). The combined organic phases were
washed with brine, dried over p&0,, filtered and evaporatad vacuoto afford the
title compoundléc (0.26 g, 81.3% vyield) as an off-white solid. M.p80-161°C.*H
NMR (400 MHz, CDC}) §: 7.91 (m, 2H), 7.39 (m, 3H), 5.14 (brs, 1H), 3(42 4H),
2.96 (m, 4H).13C NMR (100 MHz, CDGJ) 6 162.6, 158.3, 129.9, 129.7, 128.8, 126.4,
47.6, 45.3. MS (ESI) m/z 230.14 [M+H]

5.1.9.4. Preparation of 1-(3-methyl-1-phenyl-1H-pyrazol-5-yl)piper azine (16d)

12 (0.95 g, 6.40 mmol) was added to a solution ofot-Biperazine (1.43 g, 7.68
mmol) in anhydrous ethanol (30 mL). The mixture weesated to reflux for 3 h,
followed by addition of phenylhydrazine (0.75 mL6& mmol), acetic acid (5 drops)

and 4A molecular sieve (1.28 g). The mixture waatde to reflux for additional 12 h,
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then concentrated. The mixture was diluted with ;Clll (90 mL), washed
subsequently with 1 mol/L HCI (10 mL), water (10 )nkaturated NaHC£3olution
(20 mL) and brine (10 mL), dried over d&O, filtered and evaporatad vacuo The
residue was purified by silica gel flash columnarhatography (PE/ EtOAc = 9:1,
VIV) to give a white solid (1.77 g, 80.7% yieltl).p.: 92-95°C.*H NMR (400 MHz,
CDCl) &: 7.77 (m, 2H), 7.40 (m, 2H), 7.26 (m, 1H), 5.68X8!), 3.45 (m, 4H), 2.81
(brs, 4H), 2.27 (s, 3H), 1.45 (s, 9H).

Trifluoroacetic acid (4 mL) was added to the abowdte solid (1.14 g, 3.33
mmol) dissolved in CkCl, (12 mL). The solution was stirred at room tempewafor
1.5 h. The mixture was diluted with,@ (15 mL) and ethyl ether (15 mL). The
organic phase was separated and the aqueous Abasd | was basified with }CO3;
to pH 8-9 and extracted with ethyl acetate (3x40.nflhe combined organic phases
were washed with brine (15 mL), dried overn,8@, filtered and evaporated vacuo
to afford the title compound6d (0.79 g, 97.8% yield) as an off-white solid. M.p.:
103-105°C.*H NMR (400 MHz, DMSO#) 6: 7.76 (d,J = 8.0 Hz, 2H), 7.45 () =
8.0 Hz, 2H), 7.26 (t) = 7.6 Hz, 1H), 5.77 (s, 1H), 2.72 (brs, 4H), 2(B65, 4H), 2.50
(s, 3H).1*C NMR (100 MHz, CDGJ) 6 152.7, 149.0, 140.4, 129.0, 126.4, 122.8, 94.2,
52.3, 45.7, 14.2. MS (ESI) m/z 243.17 [M+H]

5.1.9.5. Preparation of 4-phenyl-2-(piperazin-1-yl)thiazole (16€)

To a solution ofl4 (0.38 g, 1.55 mmol), NaHCG{0.26 g, 3.10 mmol) in ethanol
(5 mL) was added 2-bromoacetophenone (0.33 g, 6¥l). The mixture was
heated to reflux for 4 h, then evaporated/acuo The residue was purified by silica
gel flash column chromatography (PE/ £&H = 1:1, V/V) to give a light-yellow oil
(0.43 g, 80.0% yield)*H NMR (400 MHz, CDCJ) §: 7.83 (m, 2H), 7.39 (m, 2H),
7.30 (m, 1H), 6.78 (s, 1H), 3.59 (m, 8H), 1.499().

Trifluoroacetic acid (1 mL) was added to the abbght-yellow oil (0.38 g, 1.10
mmol) dissolved in CkCl, (3 mL). The solution was stirred at room tempeaafor

2 h. The mixture was diluted with,® (10 mL) and ethyl ether (10 mL). The organic

27



phase was separated and the aqueous phase (10aslbasified with KCO; to pH

8-9 and extracted with GiEl, (3x15 mL). The combined organic phases were
washed with brine (15 mL), dried over 182, filtered and evaporated vacuoto
afford the title compound6e (0.24 g, 87.4% yield) as a light-yellow oiH NMR
(400 MHz, CDC}) 6: 7.82 (m, 2H), 7.37 (m, 2H), 7.28 (m, 1H), 6.801(H), 3.64 (m,
4H), 3.11 (m, 4H). MS (ESI) m/z 246.13 [M+H]

5.1.9.6. Preparation of 5-phenyl-3-(piperazin-1-yl)-1,2,4-oxadiazole (16f)
To a solution of benzoic acid (0.50 g, 4.09 mmaiyl 45 (0.83 g, 3.41 mmol) in
anhydrous DMF (5 mL) was added CDI (0.66 g, 4.09aiynThe mixture was stirred
at room temperature for 3 h, followed by the additof CDI (0.66 g, 4.09 mmol).
The reaction mixture was heated to 120°C for aokd@i 8 h. The reaction was
guenched by water (15mL) and extracted with etlogitate (3x15 mL). The organic
layer was washed with brine (20 mL) and dried dNeiSQ,, filtered and evaporated
in vacuo The residue was purified by silica gel flash ootu chromatography
(CH.CI,/CH3;OH = 50:1, V/V) to give a white soli§0.84 g, 62.2% yield). M.p.:
92-95°C.*H NMR (500 MHz, CDCJ) & 8.08-8.06 (m, 2H), 7.58-7.48 (m, 3H),
3.56-3.55 (m, 4H), 3.52 (brs, 4H), 1.49 (s, 9H).

Trifluoroacetic acid (1 mL) was added to the abaxete solid (0.20 g, 0.61
mmol) dissolved in CkCl, (3 mL). The solution was stirred at room tempeawafor
2 h. The mixture was diluted with,® (10 mL) and ethyl ether (10 mL). The organic
phase was separated and the aqueous phase (10aslasified with KCO; to pH
8-9 and extracted with GiEl, (3x15 mL). The combined organic phases were
washed with brine, dried over p&0O,, filtered and evaporated vacuoto afford the
title compound16f (0.11 g, 79.7% yield) as a light-yellow diH NMR (400 MHz,
CDCl) & 8.08-8.06 (m, 2H), 7.58-7.48 (m, 3H), 3.56-3.53 4id), 3.03-3.01 (m, 4H),
2.23 (brs, 1H)"*C NMR (100 MHz, CDGJ) & 174.5, 171.0, 132.5, 129.0, 128.0,
124.9, 47.2, 45.5. MS (ESI): m/z 231.12 [M+H]
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5.1.10. General procedurefor preparation of inter mediate pyrimidinyl 19a-f

To a solution ofl7a-f (7.78 mmol), 1-Boc-piperazind3 (7.78 mmol) in
anhydrous ethanol (10 mL) was added triethylamirse56 mmol). The mixture was
heated to reflux for 12 h. After cooling to the aertt temperature, ice-cold water (20
mL) was added. The precipitate was separated tgtidn, washed with water (10
mL) and dried to affordl8a-f. The compound4d8a-f were used to the next step
without further purification.

Trifluoroacetic acid (1 mL) was added 18a-f (3.60 mmol) dissolved in Ci€l,
(3 mL). The solution was stirred at room tempemfor 2 h. The mixture was diluted
with H,O (10 mL) and ethyl ether (10 mL). The organic ghass separated and the
aqueous phase (10 mL) was basified witle®; to pH 8-9 and extracted with GEll,
(3%x15 mL). The combined organic phases were waslhibdorine, dried over NSO,

filtered and evaporated vacuoto afford the title compound®a-f below.

5.1.10.1. Preparation of 5-methyl-2-(piperazin-1-yl)pyrimidine (19a). Yield:
77.2%. Light-yellow oil.*H NMR (400 MHz, CDCJ) & 8.16 (s, 2H), 3.80 (] = 4.8
Hz, 4H), 2.97 (tJ) = 5.2 Hz, 4H), 2.12 (s, 3H). MS (ESI): m/z 179[MB+H] *.

5.1.10.2. Preparation of 5-ethyl-2-(piperazin-1-yl)pyrimidine (19b). Yield: 53.0%.
Colorless oil.'H NMR (400 MHz, CDC}) & 8.17 (s, 2H), 3.77-3.74 (m, 4H),
2.95-2.92 (m, 4H), 2.46 (g} = 7.6 Hz, 2H), 2.12 (s, 1H), 1.20-1.16 (m, 3H). MS
(ESI): m/z 193.14 [M+H].

5.1.10.3. Preparation of 2-(piperazin-1-yl)-5-propylpyrimidine (19c). Yield: 68.7%.
Light-yellow oil. 'H NMR (500 MHz, CDC}) § 8.15 (s, 2H), 3.76 (brs, 4H), 2.94 (brs,
4H), 2.39 (t,J = 7.5 Hz, 2H), 2.11 (brs, 1H), 1.58-1.54 (m, 2B1P3 (t,J = 7.5 Hz,
3H). MS (ESI): m/z 207.17 [M+H]

5.1.10.4. Preparation of 5-methoxy-2-(piperazin-1-yl)pyrimidine (19d). Yield:
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53.8%. Light-yellow oil."H NMR (500 MHz, CDCY) & 8.09 (s, 2H), 3.79 (s, 3H),
3.72-3.70 (m, 4H), 2.96-2.94 (m, 4H), 2.24 (s, IMB (ESI): m/z 195.15 [M+H]

5.1.10.5. Preparation of 5-fluoro-2-(piperazin-1-yl)pyrimidine (19e). Yield: 77.4%.
Yellow oil. *H NMR (400 MHz, CDGJ) & 8.20 (s, 2H), 3.78-3.76 (m, 4H), 2.97-2.95
(m, 4H), 2.75 (brs, 1H). MS (ESI): m/z 183.11 [M+H]

5.1.10.6. Preparation of 2-(piperazin-1-yl)-5-(trifluoromethyl)pyrimidine (19f).
Yield: 39.6%. Colorless oitH NMR (400 MHz, CDCJ) & 8.49 (s, 2H), 3.94 (4] =
5.4 Hz, 4H), 3.48 (brs, 1H), 2.98 {t= 5.4 Hz, 4H).

5.1.11. General procedurefor preparation of the target compounds 21a-s

To a solution oba-g, 16a-f or 19a-f (0.35 mmol) in DMF (3 mL) was adde&xd
(0.34 mmol) (prepared according to the method tteplolby our previous work [10])
and DIPEA (1.02 mmol). The mixture was heated &C80nder argon for 10 h, then
concentrated. The residue was diluted with ethgtate (25 mL), washed with brine
(25 mL), dried over N&5Q,, filtered and evaporatad vacuoto give an oil or a solid
which was used to the next step without furtherfigation. Trifluoroacetic acid (1
mL) was added to thN-Boc protected oil or solid (0.34 mmol) dissolvedGH,Cl,
(3 mL). The solution was stirred at room tempemtior 2 h and then poured into
ice-cold water (15 mL). The organic phase was sgpdrand the aqueous phase (15
mL) was basified with KCO; and extracted with C}l, (3x15 mL). The combined
organic phases were dried over,8@, filtered and evaporated vacuo The residue
was purified by silica gel flash column chromatqura (CH.CIl,/MeOH = 20:1, V/V)

to afford the title compound&la-s below.

51.11.1. Preparation of
(R)-8-(3-aminopiperidin-1-yl)-7-(but-2-yn-1-yI)-3-methyl-1-(3-(4-(3-phenyl-1,2,4-
oxadiazol-5-yl)piperidin-1-yl)propyl)-1H-purine-2,6(3H,7H)-dione (21a).
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Compound2la was synthesized from compoungisand20 according to the general
method. Yield: 63.4%. Light-brown solid. M.p.: 100-102°Cea]§’ -12.42 ¢ 1.083,
CHCL). *H NMR (400 MHz, CDCJ) §: 8.06 (m, 2H), 7.48 (m, 3H), 4.86 (m, 2H),
4.07 (t,J = 7.2 Hz, 2H), 3.62 (m, 1H), 3.49 (s, 3H), 3.47 (th), 3.05 (m, 5H), 2.87
(m, 1H), 2.55 (m, 2H), 2.15 (m, 4H), 1.69-2.08 (k2H), 1.36 (m, 1H)*C NMR
(100 MHz, CDC}) ¢: 181.6, 168.3, 155.8, 154.5, 151.7, 147.6, 13123.0, 127.6,
127.0, 104.6, 81.6, 73.3, 58.6, 56.1, 55.8, 5203,%7.2, 39.7, 35.7, 29.8, 28.8, 24.8,
22.6, 18.6, 3.9. HRMS (ESI): m/z [M+Hgalcd for GiH4oNgOs: 586.32486; found:
586.32300.

5.1.11.2. Preparation of
(R)-8-(3-aminopiperidin-1-yl)-7-(but-2-yn-1-yl)-3-methyl-1-(3-(4-(4-phenyl-1H-1,
2,3-triazol-1-yl)piperidin-1-yl)propyl)-1H-purine-2,6(3H,7H)-dione (21b).
Compound21b was synthesized from compoungts and20 according to the general
method. Yield: 64.2%. Off-white solid. M.p.: 95-%7°[¢]2 -17.16 € 1.04, CHCY)).
'H NMR (400 MHz, CDC}J) §: 7.82 (m, 2H), 7.75 (s, 1H), 7.43 (m, 2H), 7.33 (rHl),
4.86 (m, 2H), 4.11 (tJ = 7.2 Hz, 2H), 3.59 (m, 1H), 3.53 (s, 3H), 3.48 (Hl), 3.06
(m, 4H), 2.86 (m, 1H), 2.53 (m, 2H), 2.14 (m, 4&)90 (m, 5H), 1.81 (s, 3H), 1.69
(m, 1H), 1.65 (brs, 2H), 1.31 (m, 1HC NMR (100 MHz, CDGJ) ¢: 156.1, 154.6,
151.7, 147.6, 130.8, 129.0, 128.2, 125.8, 117.3,7181.4, 73.3, 58.5, 57.7, 56.0,
52.3, 52.2, 50.6, 47.3, 39.9, 35.7, 32.9, 29.70,233.1, 3.8. HRMS (ESI): m/z
[M+H] " caled for GiH41N1002: 585.34085; found: 585.33856.

5.1.11.3. Preparation of
(R)-8-(3-aminopiperidin-1-yl)-7-(but-2-yn-1-yl)-3-methyl-1-(3-(4-(4-phenylthiazol
-2-ylpiperidin-1-yl)propyl)-1H-purine-2,6(3H,7H)-dione (21c). Compound 21c
was synthesized from compoungtsand 20 according to the general method. Yield:
66.2%. Off-white solid. M.p.: 78-80°Ca]? -16.49 € 0.99, CHC}). *H NMR (400
MHz, CDCk) 6: 7.87 (m, 2H), 7.40 (m, 2H), 7.31 (m, 2H), 4.85, @kl), 4.07 (tJ =
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7.2 Hz, 2H), 3.61 (m, 1H), 3.54 (m, 1H), 3.51 (81)33.05 (M, 5H), 2.84 (m, 1H),
2.52 (m, 2H), 2.15 (m, 4H), 1.69-2.16 (m, 12H),2L(&, 1H).3C NMR (100 MHz,
CDCl3) 0: 175.6, 156.2, 154.9, 151.7, 147.7, 134.8, 12B28,0, 126.5, 111.6, 104.6,
81.4, 73.3, 58.4, 56.4, 53.4, 50.6, 47.5, 40.99,385.8, 33.6, 32.9, 29.7, 25.2, 23.5,
3.9. HRMS (ESI): m/z [M+H]calcd for GoH1NgO,S: 601.30677; found: 601.30469.

5.1.11.4. Preparation of
(R)-8-(3-aminopiperidin-1-yl)-7-(but-2-yn-1-yI)-3-methyl-1-(3-(4-(4-phenyl-1H-i
midazol-2-yl)piperidin-1-yl)propyl)-1H-purine-2,6(3H,7H)-dione (21d).
Compound21d was synthesized from compoungts and20 according to the general
method. Yield: 66.5%. Off-white solid. M.p.: 126&Z. [a]5°-16.96 € 1.01, CHC)).
'H NMR (400 MHz, CDCJ) §: 7.67 (m, 2H), 7.33 (m, 2H), 7.19 (m, 2H), 4.83, (m
2H), 4.06 (t,J = 7.2 Hz, 2H), 3.60 (m, 1H), 3.52 (m, 1H), 3.503kl), 3.03 (M, 4H),
2.83 (m, 2H), 2.48 (m, 2H), 1.65-2.06 (m, 14H),2L(&, 1H).3C NMR (100 MHz,
CDCl3) 0: 156.3, 154.6, 152.2, 151.7, 147.8, 142.9, 12828,8, 124.8, 117.2, 110.1,
104.7, 81.5, 73.3, 58.4, 56.4, 53.5, 50.6, 47.9),3%6.3, 35.8, 33.6, 31.2, 29.8, 24.8,
23.5, 3.8. HRMS (ESI): m/z [M+H]calcd for GyHsNgO»: 584.36560; found:
584.34393.

5.1.11.5. Preparation of
(R)-8-(3-aminopiperidin-1-yl)-7-(but-2-yn-1-yl)-3-methyl-1-(3-(4-(5-phenyloxazol
-2-yl)piperidin-1-yl)propyl)-1H-purine-2,6(3H,7H)-dione (21e). Compound 21e
was synthesized from compoungisand 20 according to the general method. Yield:
68.7%. Off-white solid. M.p.: 80-82°Ca]?’ -18.49 ¢ 1.04, CHCY). 'H NMR (400
MHz, CDCk) 6: 7.59 (m, 2H), 7.39 (m, 2H), 7.29 (m, 1H), 7.201(sl), 4.85 (m, 2H),
4.06 (t,J = 6.8 Hz, 2H), 3.61 (m, 1H), 3.54 (m, 1H), 3.503sl), 3.04 (m, 4H), 2.86
(m, 2H), 2.52 (m, 2H), 1.69-2.16 (m, 14H), 1.34 (bH). *C NMR (100 MHz,
CDCl) o: 166.7, 156.2, 154.5, 151.7, 150.9, 147.7, 1288,4, 128.2, 124.1, 121.7,
104.6, 81.4, 73.3, 58.3, 56.4, 53.0, 50.6, 47.58,386.8, 35.7, 33.5, 29.8, 29.7, 25.3,
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23.4, 3.9. HRMS (ESI): m/z [M+H]calcd for GyH4NgOs: 585.32961; found:
585.32739.

5.1.11.6. Preparation of
(R)-8-(3-aminopiperidin-1-yl)-7-(but-2-yn-1-yl)-3-methyl-1-(3-(4-(5-phenylisoxaz
ol-3-yl)piperidin-1-yl)propyl)-1H-purine-2,6(3H,7H)-dione (21f). Compound 21f
was synthesized from compoungfsand 20 according to the general method. Yield:
68.6%. Yellow solid. M.p.: 122-124°Cq[f°-15.10 € 1.02, CHCY). 'H NMR (400
MHz, CDCE) &: 7.75 (m, 2H), 7.44 (m, 3H), 6.39 (s, 1H), 4.85 @hl), 4.08 (m, 2H),
3.61 (m, 1H), 3.52 (s, 3H), 3.51 (m, 1H), 3.04 &hi), 2.82 (m, 2H), 2.52 (m, 2H),
2.09 (m, 2H), 1.65-1.96 (m, 14H), 1.30 (m, 1#C NMR (100 MHz, CDGJ) &
169.7, 168.1, 156.2, 154.5, 151.7, 147.7, 130.9,11227.8, 125.9, 104.6, 97.8, 81.4,
73.3, 58.5, 56.5, 53.3, 50.6, 47.5, 39.9, 35.85,331.2, 29.8, 25.1, 23.5, 18.6, 3.8.
HRMS (ESI): m/z [M+H] calcd for G,H41NgOs: 585.32961; found: 585.32764.

5.1.11.7. Preparation of
(R)-8-(3-aminopiperidin-1-yl)-7-(but-2-yn-1-yl)-3-methyl-1-(3-(4-(1-phenyl-1H-te
trazol-5-yl)piperidin-1-yl)propyl)-1H-purine-2,6(3H,7H)-dione (21g). Compound
21g was synthesized from compoun@g and 20 according to the general method.
Yield: 36.6%. Yellow solid. M.p.: 117-119°CaJf°-13.28 € 1.03, CHC}).*H NMR
(400 MHz, CDC}) 6: 7.59 (m, 3H), 7.39 (m, 2H), 4.87 (m, 2H), 4.04, @H), 3.64
(m, 1H), 3.48 (s, 3H), 3.44 (m, 1H), 3.00-3.28 Ghi), 2.83 (m, 1H), 2.50 (m, 2H),
2.02 (m, 4H), 1.61-1.85 (m, 12H), 1.30 (m, 1KC NMR (100 MHz, CDGJ) &
157.9, 155.9, 154.6, 151.7, 147.5, 133.9, 130.8,23125.4, 104.7, 81.5, 73.3, 56.4,
56.2, 52.5, 50.8, 47.3, 39.8, 35.7, 31.7, 31.11,30.8, 24.6, 22.7, 3.9. HRMS (ESI):
m/z [M+H]" calcd for GgH4oN110,: 586.33610; found: 586.33356.

5.1.11.8. Preparation of
(R)-8-(3-aminopiperidin-1-yl)-7-(but-2-yn-1-yl)-3-methyl-1-(3-(4-(3-phenyl-1,2,4-
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oxadiazol-5-yl)piperazin-1-yl)propyl)-1H-purine-2,6(3H,7H)-dione (21h).
Compound1h was synthesized from compouriBa and20 according to the general
method. Yield: 76.8%. Off-white solid. M.p.: 1813%. [¢]%°-12.60 € 1.08, CHCY)).

'H NMR (400 MHz, CDCY) §: 7.99 (m, 2H), 7.43 (m, 3H), 4.88 (m, 2H), 4.08)(t
7.2 Hz, 2H), 3.65 (m, 4H), 3.62 (m, 1H), 3.54 (nh{)13.51 (s, 3H), 3.09 (m, 2H),
2.90 (m, 1H), 2.53 (m, 6H), 1.70-1.99 (m, 8H), 1(&7, 1H).**C NMR (100 MHz,
CDCl3) 0: 171.1, 168.8, 156.2, 154.5, 151.7, 147.8, 13118,7, 128.0, 127.3, 104.6,
81.5, 73.3, 58.0, 56.2, 52.3, 50.7, 47.4, 46.28,385.8, 33.2, 29.8, 25.1, 23.3, 3.9.
HRMS (ESI): m/z [M+HJ calcd for GoHzgN1¢Os: 587.32011; found: 587.31818.

5.1.11.9. Preparation of
(R)-8-(3-aminopiperidin-1-yl)-7-(but-2-yn-1-yl)-3-methyl-1-(3-(4-(3-phenyl-1,2,4-
thiadiazol-5-yl)piperazin-1-yl)propyl)-1H-purine-2,6(3H,7H)-dione (211).
Compoundli was synthesized from compouritib and20 according to the general
method. Yield: 75.5%. Off-white solid. M.p.: 1168°C. [¢]5’-14.07 € 1.02, CHC)).

'H NMR (400 MHz, CDCY) §: 8.17 (m, 2H), 7.41 (m, 3H), 4.89 (m, 2H), 4.09)(t
7.2 Hz, 2H), 3.56 (m, 9H), 3.15 (m, 2H), 2.99 ()12.56 (M, 6H), 1.99 (m, 1H),
1.89 (m, 3H), 1.83 (s, 3H), 1.72 (m, 1H), 1.52 @H). °C NMR (100 MHz, CDG)

0: 185.2, 170.5, 156.0, 154.5, 151.7, 147.6, 138289, 128.5, 128.1, 104.6, 81.5,
73.3, 58.5, 56.1, 52.1, 50.7, 49.0, 47.3, 39.78,382.4, 29.8, 25.1, 23.0, 3.9. HRMS
(ESI): m/z [M+HJ calcd for GoH3gN100,S: 603.29727; found: 603.29468.

5.1.11.10. Preparation of
(R)-8-(3-aminopiperidin-1-yl)-7-(but-2-yn-1-yl)-3-methyl-1-(3-(4-(5-phenyl-4H-1,
2,4-triazol-3-yl)piperazin-1-yl)propyl)-1H-purine-2,6(3H,7H)-dione (23)).
Compound2lj was synthesized from compouritBc and20 according to the general
method. Yield: 81.3%. Off-white solid. M.p.: 1294. [¢]2 -7.68 € 1.04, CHCY)).
'H NMR (400 MHz, CDCJ) §: 7.92 (m, 2H), 7.38 (m, 3H), 4.91 (m, 2H), 4.15, (m
2H), 3.49 (m, 1H), 3.46 (s, 3H), 3.28 (m, 3H), 3(Ir¥, 4H), 3.00 (m, 1H), 2.51 (m,
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6H), 1.99 (m, 4H), 1.80 (s, 3H), 1.67 (m, 2£C NMR (100 MHz, CDG)) 6: 162.5,
158.4, 155.6, 154.8, 151.8, 147.4, 129.9, 129.8,82126.3, 104.9, 81.6, 73.3, 56.4,
55.9, 52.2, 50.9, 47.1, 46.7, 40.2, 35.7, 31.28,2%4.3, 22.3, 3.8. HRMS (ESI): m/z
[M+H] " caled for GoH4oN1102: 586.33610; found: 586.33362.

5.1.11.11. Preparation of
(R)-8-(3-aminopiperidin-1-yl)-7-(but-2-yn-1-yl)-3-methyl-1-(3-(4-(3-methyl-1-phe
nyl-1H-pyrazol-5-yl)piper azin-1-yl)propyl)-1H-purine-2,6(3H,7H)-dione  (21k).
Compound?21k was synthesized from compoundsd and 20 according to the
general method. Yield: 59.6%. Off-white solid. MJ19-121°C, §]7’ -8.83 ¢ 1.08,
CHCL). *H NMR (400 MHz, CDC}) d: 7.74 (m, 2H), 7.38 (m, 2H), 7.22 (m, 1H),
5.64 (s, 1H), 4.93 (m, 2H), 4.04 (&= 7.2 Hz, 2H), 3.59 (m, 1H), 3.48 (s, 3H), 3.37
(m, 2H), 3.26 (M, 2H), 2.86 (M, 4H), 2.53 (m, 68)26 (s, 3H), 1.99 (m, 2H), 1.99
(m, 2H), 1.86 (m, 2H), 1.79 (s, 3H), 1.75 (m, 2C NMR (100 MHz, CDG))
155.6, 154.5, 152.4,151.6, 149.0, 147.4, 140.4,01226.3, 122.8, 104.8, 94.2, 81.6,
73.3, 56.1, 52.7, 51.0, 47.2, 39.8, 35.7, 29.80,2%2.5, 14.3, 3.9. HRMS (ESI): m/z
[M+H] " calcd for GoHa3N1002: 599.35650; found: 599.35406.

5.1.11.12. Preparation of
(R)-8-(3-aminopiperidin-1-yl)-7-(but-2-yn-1-yl)-3-methyl-1-(3-(4-(4-phenylthiazol
-2-yl)piperazin-1-yl)propyl)-1H-purine-2,6(3H,7H)-dione (211). Compound 21l
was synthesized from compouritBe and20 according to the general method. Yield:
59.8%. Off-white solid. M.p.: 104-106°Ca]f° -15.53 € 0.98, CHC4). 'H NMR (400
MHz, CDCE) &: 7.82 (m, 2H), 7.36 (m, 2H), 7.28 (m, 1H), 6.751(!), 4.90 (m, 2H),
4.09 (t,d = 7.2 Hz, 2H), 3.60 (m, 1H), 3.43-3.51 (m, 8HL.B(m, 2H), 3.01 (m, 1H),
2.55 (m, 6H), 1.83-1.99 (m, 8H), 1.73 (m, 2H), 1(68 1H).*C NMR (100 MHz,
CDCl3) 9: 171.1, 156.1, 154.6, 152.0, 151.7, 147.7, 13828,6, 127.7, 126.2, 104.6,
101.5, 81.5, 73.3, 57.7, 56.2, 52.4, 50.7, 48.64,439.8, 35.8, 32.9, 29.8, 25.2, 23.2,
3.9. HRMS (ESI): m/z [M+H]calcd for GiH4dNgO,S: 602.30017; found: 602.30202.
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5.1.11.13. Preparation of
(R)-8-(3-aminopiperidin-1-yl)-7-(but-2-yn-1-yl)-3-methyl-1-(3-(4-(5-phenyl-1,2,4-
oxadiazol-3-yl)piperazin-1-yl)propyl)-1H-purine-2,6(3H,7H)-dione (21m).
Compound21lm was synthesized from compoundéf and 20 according to the
general method. Yield: 50.6%. Off-white solid. M.f05-108°C. ¢]% -9.02 ¢ 0.53,
CHCL). *H NMR (500 MHz, CDCJ) § 8.06 (d,J = 7.5 Hz, 2H), 7.56-7.47 (m, 3H),
5.08-4.88 (m, 2H), 4.09 (§,= 7.0 Hz, 2H), 3.61-3.56 (m, 4H), 3.51 (s, 3HX®B(brs,
2H), 3.31 (brs, 2H), 3.23 (brs, 1H), 2.64 (brs, 62P4-1.74 (m, 11H)}°)C NMR (125
MHz, DMSO-g) o: 173.7, 170.1, 155.8, 153.4, 150.8, 147.3, 132X9.4, 127.5,
123.8, 103.3, 81.0, 73.8, 57.2, 55.4, 51.6, 49/71,445.8, 39.8, 35.3, 32.8, 29.3, 24.4,
23.2, 3.1. HRMS (ESI): m/z [M+H]calcd for CsgH3zgN1003: 587.32011; found:
587.31708.

5.1.11.14. Preparation of
(R)-8-(3-aminopiperidin-1-yl)-7-(but-2-yn-1-yl)-3-methyl-1-(3-(4-(5-methylpyrimi
din-2-yl)piperazin-1-yl)propyl)-1H-purine-2,6(3H,7H)-dione (21n). Compound
21n was synthesized from compount8a and 20 according to the general method.
Yield: 50.1%. Off-white solid. M.p.: 54-56°Co]?° -16.90 € 0.50, CHCJ). *H NMR
(400 MHz, CDC4) & 8.14-8.13 (m, 2H), 4.92-4.82 (m, 2H), 4.07X& 7.2 Hz, 2H),
3.76-3.73 (m, 4H), 3.65-3.61 (m, 1H), 3.52-3.45 (AH), 3.13-3.06 (M, 2H),
2.95-2.88 (m, 1H), 2.53-2.50 (m, 6H), 2.11 (s, 3HP1-1.90 (M, 4H), 1.82 (§,= 2.0
Hz, 3H), 1.76-1.68 (m, 1H), 1.45-1.37 (m, 1£C NMR (100 MHz, CDGCJ) § 160.7,
157.7, 155.9, 154.4, 151.6, 147.6, 118.3, 104.51,8B.2, 57.3, 56.2, 52.9, 50.6, 47.3,
43.8, 39.6, 35.7, 32.4, 29.7, 25.1, 23.0, 14.6, BBMS (ESI): m/z [M+H] calcd for
Ca7H39N1002: 535.32520; found: 535.32532.

5.1.11.15. Preparation of
(R)-8-(3-aminopiperidin-1-yl)-7-(but-2-yn-1-yl)-1-(3-(4-(5-ethylpyrimidin-2-yl)pi
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perazin-1-yl)propyl)-3-methyl-1H-purine-2,6(3H,7H)-dione  (210). Compound
210 was synthesized from compounti8h and 20 according to the general method.
Yield: 33.4%. Light-yellow solid. M.p.: 69-70°Ca]’ -17.22 ¢ 0.42, CHCY). H
NMR (400 MHz, CDC})  8.15 (s, 2H), 4.90-4.80 (m, 2H), 4.07Jt= 7.2 Hz, 2H),
3.73 (t,J = 4.8 Hz, 4H), 3.64-3.60 (m, 1H), 3.55-3.50 (m,)4B.09-3.03 (m, 2H),
2.90-2.84 (m, 1H), 2.50-2.47 (m, 6H), 2.45-2.41 2id), 2.00-1.88 (m, 4H), 1.82-1.81
(m, 3H), 1.73-1.69 (m, 1H), 1.40-1.30 (m, 1H), 1(,2 = 7.6 Hz, 3H)**C NMR (100
MHz, CDCk) 6 160.8, 157.1, 156.1, 154.4, 151.6, 147.6, 12405 .5, 81.3, 73.2, 58.0,
56.2, 53.0, 50.5, 47.3, 43.9, 39.7, 35.7, 33.6,285.2, 23.3, 22.7, 15.6, 3.8. HRMS
(ESI): m/z [M+HJ calcd for GgH4iN1002: 549.34085; found: 549.33960.

5.1.11.16. Preparation of
(R)-8-(3-aminopiperidin-1-yl)-7-(but-2-yn-1-yl)-3-methyl-1-(3-(4-(5-propylpyrimi
din-2-yl)piperazin-1-yl)propyl)-1H-purine-2,6(3H,7H)-dione  (21p). Compound
21p was synthesized from compount8c and 20 according to the general method.
Yield: 42.8%. Light-yellow solid. M.p.: 57-60°Ca]° -16.34 € 0.51, CHC}). *H
NMR (400 MHz, CDC}) & 8.13 (s, 2H), 4.91-4.81 (m, 2H), 4.07Jt 7.2 Hz, 2H),
3.76-3.75 (m, 4H), 3.65-3.61 (m, 1H), 3.54-3.50 (AH), 3.11-3.06 (m, 2H),
2.92-2.87 (m, 1H), 2.52-2.51 (m, 6H), 2.38Jtz 7.6 Hz, 2H), 2.01-1.95 (m, 2H),
1.93-1.88 (m, 2H), 1.82 (f] = 2.0 Hz, 3H), 1.77-1.70 (m, 1H), 1.59-1.50 (m,)2H
1.40-1.37 (m, 1H), 0.92 (f] = 7.6 Hz, 3H).}*C NMR (100 MHz, CDGJ) & 160.8,
157.5, 156.1, 154.4, 151.6, 147.6, 122.9, 104.48,88.2, 58.2, 56.2, 53.0, 50.5, 47.3,
43.9, 39.7, 35.7, 33.3, 31.5, 29.6, 25.2, 24.43,233.5, 3.7. HRMS (ESI): m/z
[M+H] " calcd for GoHaN1002: 563.35650; found: 563.35425.

5.1.11.17. Preparation of
(R)-8-(3-aminopiperidin-1-yl)-7-(but-2-yn-1-yl)-1-(3-(4-(5-methoxypyrimidin-2-yl
)piperazin-1-yl)propyl)-3-methyl-1H-purine-2,6(3H,7H)-dione (21qg). Compound

219 was synthesized from compountidd and 20 according to the general method.
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Yield: 47.3%. Light-yellow solid. M.p.: 57-60°Ca]® -16.92 € 0.41, CHC}). *H
NMR (400 MHz, CDC4) § 8.08 (s, 2H), 4.91-4.80 (m, 2H), 4.07Jt= 7.2 Hz, 2H),
3.79 (s, 3H), 3.71-3.68 (m, 4H), 3.65-3.61 (m, 18153-3.50 (m, 4H), 3.10-3.05 (m,
2H), 2.92-2.87 (m, 1H), 2.52-2.49 (m, 6H), 2.015L@n, 2H), 1.93-1.89 (m, 2H),
1.82 (t,J = 2.4 Hz, 3H), 1.77-1.68 (m, 1H), 1.42-1.37 (m,)1HC NMR (100 MHz,
CDCl) 6 158.0, 156.0, 154.4, 151.6, 147.6, 146.3, 1449,5|, 81.3, 73.2, 57.5, 57.0,
56.2, 52.9, 50.5, 47.3, 44.4, 39.7, 35.6, 32.86,285.2, 23.1, 3.7. HRMS (ESI): m/z
[M+H] * calcd for G7HagN1003: 551.32011; found: 551.31958.

5.1.11.18. Preparation of
(R)-8-(3-aminopiperidin-1-yl)-7-(but-2-yn-1-yl)-1-(3-(4-(5-fluor opyrimidin-2-yl)p
iperazin-1-yl)propyl)-3-methyl-1H-purine-2,6(3H,7H)-dione  (21r). Compound
21r was synthesized from compounti@e and 20 according to the general method.
Yield: 46.1%. Off-white solid. M.p.: 72-74°CaJ° -16.50 € 0.53, CHCY). *H NMR
(500 MHz, CDC}) 6 8.17 (s, 2H), 4.92-4.83 (m, 2H), 4.07Jt& 7.2 Hz, 2H), 3.74 (s,
4H), 3.64-3.61 (m, 1H), 3.50 (s, 4H), 3.14-3.10 @H), 2.97- 2.93 (m, 1H), 2.51 (s,
6H), 2.01-1.98 (m, 1H), 1.92-1.88 (m, 3H), 1.823H), 1.74-1.71 (m, 1H), 1.45-1.43
(m, 1H).%C NMR (100 MHz, CDCJ) & 158.9, 155.2J = 167 Hz), 152.8, 151.6,
150.3, 147.6, 145.1)(= 21 Hz), 104.5, 81.3, 73.2, 57.8, 56.2, 52.95507.3, 44.3,
39.7, 35.7, 33.0, 29.7, 25.2, 23.2, 3.8. HRMS (EStyz [M+H]" calcd for
CaeH36FN1002: 539.30013; found: 539.29797.

5.1.11.19. Preparation of
(R)-8-(3-aminopiperidin-1-yl)-7-(but-2-yn-1-yl)-3-methyl-1-(3-(4-(5-(trifluoromet
hyl)pyrimidin-2-yl)piperazin-1-yl)propyl)-1H-purine-2,6(3H,7H)-dione (219).
Compound21s was synthesized from compouritBf and20 according to the general
method. Yield: 50.7%. Off-white solid. M.p.: 87-8°[«]2 -16.74 € 0.43, CHCY)).
'H NMR (400 MHz, CDCY) & 8.45 (s, 2H), 4.92-4.81 (m, 2H), 4.10-4.06J(t 7.2
Hz, 2H), 3.87-3.85 (M, 4H), 3.65-3.61 (m, 1H), 3587 (m, 4H), 3.13-3.07 (m, 2H),
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2.94-2.89 (m, 1H), 2.51-2.48 (m, 6H), 2.01-1.83 4H), 1.83 (m, 3H), 1.77-1.68 (m,
1H), 1.44-1.39 (m, 1H)**C NMR (100 MHz, CDG)) § 162.1, 156.0, 155.4, 154.3,
151.6, 147.6, 124.3 (d,= 268 Hz), 112.7 (q] = 34 Hz), 104.5, 81.4, 73.2, 57.6, 56.1,
52.8, 50.6, 47.3, 43.9, 39.7, 35.7, 32.8, 29.72,223.1, 3.8. HRMS (ESI): m/z
[M+H] " calcd for G/H3gFsN1002: 589.29693; found: 589.29626.

5.1.12. Preparation of
(R)-8-(3-aminopiperidin-1-yl)-7-(but-2-yn-1-yl)-3-methyl-1-(3-(4-(3-phenyl-1,2,4-
oxadiazol-5-yl)piperazin-1-yl)propyl)-1H-purine-2,6(3H,7H)-dione hydrochloride
(22)

The gram scale-up synthesis 2ith was according to the procedure 5.1.11.8. To a
solution of21h (1.2 g, 2.05 mmol) in EtOH (80 mL) was added 1idlCI/EtOH
solution (1.84 mL, 1.84 mmol) dropwise. The mixtureas stirred at room
temperature for 5 h, then filtered. Thl&rate was evaporateith vacuoto give a white
solid. The white solid was washed with 30 mk@&under refluxing condition for 1h.
After cooling to the ambient temperature, the wikibéd was separated by filtration,
washed with BEO (2x5 mL) and dried to affor@2 (1.0 g, 87.2% yield). White solid.
M.p.: 144-146°CXH NMR (400 MHz, CDC}) &: 8.67 (brs, 2H), 7.98-7.96 (m, 2H),
7.45-7.41 (m, 3H), 5.09-4.92 (m, 2H), 4.07Jt= 7.2 Hz, 2H), 3.74-3.69 (m, 5H),
3.62-3.59 (m, 1H), 3.53-3.45 (m, 5H), 3.29 (brs),12169 (brs, 6H), 2.06 (brs, 3H),
1.96-1.93 (m, 2H), 1.84 (s, 3H), 1.76 (brs, 18¥& NMR (100 MHz, CDGJ) §: 171.0,
168.7, 154.8, 154.5, 151.5, 147.0, 130.8, 128.7,99227.3, 104.9, 81.9, 73.2, 56.1,
52.5, 52.2, 51.5, 46.9, 46.0, 39.8, 35.6, 29.98,2745.0, 21.4, 4.0. HRMS (ESI): m/z
[M+H] " caled for GoHzaN10Os: 587.32011; found: 587.31854.

5.1.13. X-ray crystallographic structure of compound 21h
Single crystals of compourzlh were obtained from a mix solution of methanol
and dichloromethane (V/V = 4:1) and characterized Xoray diffraction. The

single-crystal X-ray structure of compoudh is depicted inFig. 3. The lattice
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parameters were a =11.343(3), b =14.695(3), c 82B§4)A,p = 96.296(5)°, and the

lattice volume was 2987.1(12JAThere were four molecules in one lattice.

5.2. Biological evaluation
5.2.1. DPP-1V inhibition assay

DPP-1V inhibition assay was performed as descrimediously [27]. Briefly, 10
puL of compound solutior{the final concentrations of compound were presetrine
indicated figures and legendsjas added into 10QL of enzyme reaction system
containing 2 mU/mL DPP-IV enzyme and 0.26 mmol/ly-Bro-p-nitroanilide, the
changed absorbance\ OD) at ODygsnmwas detected before and after one hour of
incubation at 3T, then the percentage of inhibition was calculasdinhibition (%)
= (A OD control =2 OD compound/ A OD controX 100%. The 16, value represents the

concentration of each compound resulting in 50%imar inhibition of DPP-IV.

5.2.2. DPP-8/9 inhibition assay

DPP-8/9 inhibition assay was performed by usingmdmnant human DPP-8/9
protein and a DPP-8/9 over expressing cell modelbéshed in our laboratory as
described previously [27, 28]. The enzyme reacti@s similar as DPP-IV reaction

mentioned above, only the concentrations of enzgntkesubstrate were different.

5.2.3. GPR119 agonism assay

Plasmids construction of human GPR119, constructimed ligand binding
domain of CREB (CREB-LBD) with DNA binding domairi Gal4 (Gal4-DBD), and
construction of Gal4 upstream activator sequen@S(kiriggered luciferase reporter
were all established in our laboratory. To detecteptial transactivation of the
indicated compound to GPR119, HEK293 cells werasiemntly transfected using
Lipofectamine 2000 (Life Technologies) with plassidonstructions mentioned
above, following treated with compounds at desigaatoncentrations and DMSO as

vehicle, then chemiluminescence value reflectintutiferase activity was measured
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by a microplate reader (Biotek, synergy 2) using thefly-luciferase assay kit
(Vigorous Biotechnology, Beijing). The activationld was calculated as valugpound

/ Value ehicie @and relative activity percentage of indicated poomds was normalized
to the activation fold of positive control, AR231315The EGy of GPR119 agonism

was obtained by GraphPad Prism software.

5.2.4. Phar macokinetic studies

All animal protocols were approved by Institute #Awal Care and Use
Committee. The selected compowzith was subjected to pharmacokinetic studies in
ICR mouse (male) weighing 26 to 27 g with threeaniit oral administration group
and three mice in intravenous injection group. Tésted compound was formulated
at a concentration of 2 mg/mL for a dose of 20 mgjkven orally (p.o.) and at 0.4
mg/mL for a dose of 2 mg/kg given intravenously.)i. The tested compound was
formulated with 0.5% carboxymethyl cellulose foo.padministration and with 30%
SBECD with 1 mol/L HCI for i.v. administration. Bbol samples were collected at 5,
15, 30 min, 1, 2, 4, 7, 24 h after oral dosing amdadministration. Plasma was
harvested and stored at -80 °C until analysed.

Compounds21lh and 22 were subjected to pharmacokinetic studies in SD ra
(male) weighing 180 to 200 g with three rats inl @@ministration group and three
rats in intravenous injection group. The tested poumds were formulated at a
concentration of 3.186 mg/m2Z) and 3 mg/mL Z1h) for a dose of 30 mg/kg (free
base content) given orally (p.o.) and at 0.638 nig(B2) for a dose of 3 mg/kg (free
base content) given intravenously (i.v.). The @stempounds were formulated with
0.5% carboxymethyl cellulose for p.o. administratend with normal saline for i.v.
administration. Blood samples were collected dt%,30 min, 1, 1.5, 2, 4, 6, 8, 12, 24
h after oral dosing and i.v. administration. Plasm@s harvested and stored at -80 °C
until analysed.

The pharmacokinetic parameters were calculatedgu¥i#inNonlin software

version 6.3 based on non-compartmental analysiargiiint Corporation, Mountain
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View, USA). The oral bioavailability was calculated the ratio between the area
under the curve (AUC) following intravenous admiragon corrected for dose (F =

(AUC, . x dose,)/(AUC;,, x dosg)).

5.2.5. Oral glucosetolerancetest (OGTT)

To analyze the acute effect 8lh and 22 on glucose excursiom vivo, the
OGTT was performed in ICR mice as following: In orexperiment, the
overnight-fasted mice were administered by orabgawvith distilled water (vehicle),
21h (30 mg/kg),22 (equal molar dose compared 2dh, 32 mg/kg). In another
experiment, the overnight-fasted mice were admenést by oral gavage with distilled
water (vehicle),22 (30 mg/kg), sitagliptin (10 mg/kg), APD597 (10 mgjkand
linagliptin (2 mg/kg) prior to the oral glucose tb&2 g/kg). Blood samples were
collected from the tail tip before the glucose I¢@dnin) and at 30, 60, 120 min after

the glucose load to measure blood glucose lawgig) the glucose oxidase method.

5.2.6. Caco-2 per meability assay

The Caco-2 cell line is derived from a human coémienocarcinoma and has
been widely used as an in vitro model for the mtalh of intestinal drug
permeability and absorption [29]. The cells weredssl in Transwells (Millipore, 0.4
pum pore size) and formed a confluent monolayer aftedays culture. On day 21, the
target compound 21 (5tM) was added into the apical side of the membrautkthe
concentration of the compound across Caco-2 cehalager was quantified by
UPLC after 1 hour incubation at &7 Transepithelial electrical resistance (TEER)
should be determined before as well as after t@ahgxperiments and should be over
5000xcn?. The apparent permeability coefficient (Papp) fbe compound is
calculated from the following equation: (R= (dQ/dt)/(GxA)).
Where dQ/dt is the rate of permeation of the dragss the cells, Cis the initial

concentration and A is the area of the cell moralay

42



5.2.7. Mouse liver microsome stability assay

Mouse liver microsome stability assay was perforraeddescribed previously
[30]. Briefly, mouse liver microsomal incubationntained microsomal protein (0.5
mg/mL), target compoun2R (10 umol/L), Tris-HCI buffer and a NADPH-generating
system. Incubations in duplicate were performegi7aiC for 30 min. Reactions were
initialed by addition of NADPH-generating systemdaerminated by adding equal
volume of ice-cold acetonitrile which containedeimtal standard. The mixtures were
centrifuged and the supernatants were analyzed ®MB/MS. Incubations with

inactive liver microsomes served as negative ctsitro

5.2.8. Hepatocyte stability assay.

The assay was performed with hepatocytes from m@R/CD-1 Mouse
(BioreclamationIlVT), Male Sprague-Dawley Rat (Bidly and mixed human
(BiolVT) following the protocol as described preugly [30]. The assay evaluated the
metabolic stability of compounds in hepatocytes bgasuring amount of parent

remaining of the test compounds.

5.2.9. Plasma protein binding

The extent of plasma protein binding for the test@shpound was determined by
equilibrium dialysis. Compoun®2 was added to pre-warmed (37 °C) human plasma
and mixed (5uM, 1% (vol/vol) DMSO). Dialysis plate was prepareg adding 350
uL of phosphate buffer (1% (vol/vol) DMSO) to theftem compartment and 200L
of the tested compound plasma solution ) to the red compartment. After
incubating the plate at 37 °C for 5 hours at 100 gn orbital shaker, samples were

removed from each compartment for LC-MS/MS analysis

5.2.10. Cytotoxicity assay
Vero cells was cultured in RPMI1640 medium suppletee with 10% fetal

bovine serum (FBS). The cells were incubated inraidified atmosphere of 5% GO
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at 37 °C. Stocks of cells were cultured in 25¢tissue culture flasks and subcultured
two to three times per week. Cytotoxicity testingswperformed in a transparent
96-well microplate. Outer perimeter wells wereefll with sterile water to prevent
dehydration in experimental wells. The cells wereubated at 37 °C under 5% €0
until confluent and then diluted with culture medido 4 x 16 cells/mL. Threefold
serial dilutions of the stock solutions resultedfimal concentrations of 64 to 0.26
ug/mL in a final volume of 10@QL. After incubation at 37 °C for 48 h, the medium
was removed, and the monolayers were washed twitte MO0 uL of warm Hanks
balanced salt solution (HBSS). Warm medium (10Q) and 10uL of freshly made
methyl-thiazolyldiphenyl-tetrazolium bromide (MTT)ere added to each well, and
then the plates were incubated for 4 h, after whinghabsorbance was determined at

492 nm.

5.2.11. Acutetoxicity study

Compound22 was screeneth vivo with a single dose in ICR mouse (female)
weighing 18 to 21 g with ten mice. The number ofenivhich survived after an oral
administration of a single dose at 1.5 g/kg, fokkowby a 7-day observation, was

recorded.

5.2.12. Mini-Ames test

The mutagenic activities of compourz? were detected accroding to the
published protocol [31, 32]. Two strains of Salmnéyphimurium bacteria (TA98,
TA100) were used in the study and were originallytamed from Molecular
Toxicology (Boone, NC), USA. DMSO was used as thlwent/vehicle control and
the highest concentration tested was 1Q@06wvell, which was equal to the OECD
limit concentration of 500Qg/plate in standard Ames assay. Bacteria, test oangp
or vehicle/positive control formulation, and 10% 8fixture or PBS buffer were
added to molten agar at 45 °C, mixed rapidly, anar@d onto 6-well plate containing

minimal agar media. After the agar was solidifi¢kde plates were inverted and
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incubated at 37 °C for 48-72 hours. Revertant debmvere counted manually and
the background lawn was inspected for signs of toxioity. The results were
considered to be positive for mutagenic potenfithe increase in mean revertants at
the peak of the dose response was equal to oregrélaan 2-fold the mean
solvent/vehicle control value and the increase khde dose related. The results
indicated that compoun@2 was not cytotoxic to the tester strains and was no

mutagenic at concentrations up to 1(@dwell.

5.2.13. Inhibition evaluation on hERG K™ channel

The electrophysiology recording of hERG channelrentr was carried out
following the protocol as described previously [38] stable cell line of wild-type
Chinese hamster ovary cells expressing hERG patassihannels (CHO/hERG) was
maintained in culture mediur@ells were cultured for at least 24 hours and there
used for electrophysiological recordings. Volta¢gxp recording was performed in
the whole cell patch-clamp configuration. Wholelcetordings were analyzed using
Pulse Fit (V8.74, Heka Electronic, Lambrecht, Pf@ermany). Figures were plotted
using Origin (7.5 Origin Lab Co., MA, USA). All eepiments were performed in

duplicate for IGo determination.
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Novel xanthine derivatives were designed through ring formation strategy.
Systematic optimization from previous hit 20i led to the new lead compound HBK 001.
HBK 001 had potent DPP-1V inhibition and moderate GPR119 agonism activity.

HBK 001 hydrochloride with superior PK showed potent in vivo glucose-lowering effect.
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