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Two series of novel 7-amino-[1,2,4]triazol o[4,3-f] pteridinone, and
7-aminotetrazol o[ 1,5-f] pteridinone derivatives were designed, synthesized and evaluated for their
biological activity.
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Abstract

To develop novel therapeutic agents with anticaneetivities, two series of novel
7-amino-[1,2,4]triazolo[4,3}pteridinone, and 7-aminotetrazolo[lfJpteridinone derivatives were
designed and synthesized. All compounds were tdsteanti-proliferative activities against five
cancer cell lines. The structure-activity relatioips (SARs) studies were conducted through the
variation in two regionsthe moiety of A ring and theterminal aniline B on pteridinone core.
1-Methyl-1,2,4-triazole derivativeL; with 2,6-dimethylpiperazine showed the most potent
antiproliferative activity against A549, PC-3, HCIIEL MCF-7 and MDA-MB-231 cell lines with
ICs0 values of 0.1M, 0.30uM, 0.51uM, 0.30uM, and 0.70uM, respectively. Combined with
the results of the molecular docking and enzynwitidies, the PLK1 was very likely to be one of
the drug targets of compouhg. Furthermore, to clarify the anticancer mechaniéraompound
L, further explorations in the bioactivity were cowted. The results showed that compound
obviously inhibited proliferation of A549 cell lise induced a great decrease in mitochondrial
membrane potential leading to apoptosis of caneks, suppressed the migration of tumor cells,
and arrested G1 phase of A549 cells.

1. Introduction

Despite continued research efforts, cancer rembasecond leading disease after cardiovascular
and one of the major public health problems chareamd by uncontrolled growth and spread of
the abnormal cells [1]. The Global Burden of Dige&SBD) 2015 studies stated that the most
common types of cancer are breast, colorectal|uargicancer in females and prostate, colorectal,
and lung cancer in males [2-3]. To combat with eantots of efforts have been concentrated on
the design and synthesis of new antitumor drugbk leiv toxicity and high efficiency to normal
cells and tissues. For these purposes, combingiiorciple strategy has been extensively
employed to develop new antineoplastic drugs tbi@dasynergistic on multiple targetséa fusing
two/more active pharmacophores covalently in a Isithgbrid molecule with dual/multiple
anticancer activity [4].

Recently, accumulating evidences have illustrated heterocyclic scaffolds are important tool
in the search for new active substances with aotopotential applications [5]. Particularly,
substituted 2-aminopteridinone skeleton has beetribed as a privileged structure, which
appears extensively in many unrelated areas obdpjohnd medicine. Especially, it could inhibit
several cancer related enzymes as well as modhlatactivity of many receptors. For example,
PLK1 inhibitor| (currently in phase Il clinical trials at Boehrigigingelheim for the treatment of
acute myeloid leukemia), EGFR inhibitbr, beta-amyloid (Abeta) production inhibitdt , and
ALK inhibitor IV, et al. (Fig. 1) [6-9]. These characteristics indicated that thier of ongoing
interests toward new 2-aminopteridinone derivativasd prompted us to develop this
pharmacophore as novel promising drugs.

fCorresponding author. E-mail address: gongpinggp@t&6(P. Gong). lyjpharm@126.com (Y.J. Liu).
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Fig. 1. Structures of representative kinase inhibitorgaioing 2-aminopteridinone nuclei.

In recent years, 2-aminopyrido[2dBsyrimidinone derivatives have received considezabl
attention in anticancer agents due to their adr@rathibitory activity against CDK4/6 kinases,
FGFR kinases, PI3K kinases, and MAPK kinases, whiely critical roles in the regulation of
tumor genesis [10-13]. Among these derivativ€sy.( 2), palbociclib ), the first orally
bioavailable CDK4/6 kinase inhibitor, was approvdry FDA for the treatment of
hormone-receptor positive breast cancer in Feb@p. The co-crystal structure of palbociclib
in complex with CDK6 kinase domains (PDB code: 95L2ftevealed that the
2-aminopyrido[2,3d]pyrimidinone framework played key roles in theeirsction with CDK6
kinase due to their binding modes and the presaicéiydrogen bonds [14]. Thus, the
development of such small molecules with 2-aminmof2,3-d]pyrimidinone framework, which
can readily bind with various enzymes and receptorsugh hydrogen bonds, is an effectual
process to develop new antineoplastic drugs.
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Fig. 2. Structures of representative kinase inhibitorstaiomg 2-aminopyrido[2,3]pyrimidin-
one nuclei.

In addition, triazolo and tetrazolo heterocycleastitute a very important class of heterocyclic
compounds in the area of drug design, which extabliroad spectrum of biological activity,
including anti-inflammatory [15]central nervous system (CNS) dispersant [16], aatohial
[17], anti-AIDS [18], antifertility [19], anticanag20], and anticonvulsant [21]. As continue of our
effort to discover new types of antitumor lead commds and our interest in studying the
influence of fusing triazolo or tetrazolo to the afinopteridinone or
2-aminopyrido[2,3d]pyrimidinone frameworks, so these combined subsirnes could exhibit
synchronous antitumor effectFig. 3) Furthermore, the hydrophilic “tail” piperidine tifo
exposing to the solvent has been investigated sy in recent years [22-24], indicating that
modification on the “tail” B) could be tolerant to maintain efficacies.
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Fig. 3. Design strategy for the target compounds.

Murray et al. [14] and Adolf et al. [25] reportedat the 2-aminopyrido[2,8fpyrimidinone
moiety of palbociclib and 2-aminopteridinone moiefyBI6727 were combined within the CDK6
and PLK1 active site, respectively. And the sidaichanilines moiety were combined within
solvent region. Meanwhile, compound,, Y, L, contained similar structural feature with
palbociclib and BI6727 including hydrophilic an#n side chain and pteridinone or
pyrido[2,3d]pyrimidinone fragments. So in order to better ustind the anti-tumor mechanisms,
molecular docking models dfl,, Y, L, were performed based upon the cocrystal struatire
CDK®6 with palbociclib (PDB code: 5L21) and PLK1 wiBI6727 (PDB code: 3FC2). As shown
in Fig. 4, compoundH,, Y, L, occupied the kinase domain in a similar mannemtbgxiclib and
BI6727. Combined with the results of docking anialy€DK6 or PLK1 was very likely to be one
of the potential drug targets of these 7-aminoigiteone derivatives.

Fig. 4. (A) The predicted binding models Hif, (blue sticks),Y, (red sticks) L, (green sticksjvith
PLK1 (PDB code: 3FC2); (B) The binding modelstof(blue sticks),Y, (red sticks),L, (green
sticks)with CDK6 (PDB code: 5L2I).

In  this study, two series of novel 7-amino-[1,2}tolo[4,3f]pteridinone, and
7-aminotetrazolo[1,5}pteridinone derivatives were firstly designed amsgnthesized. All
compounds were subsequently assayed for anti-@ratife activitiedn vitro against five cancer
cell lines A549, PC-3, HCT116, MCF-7 and MDA-MB-23Based on the anti-proliferative
results, potent compounds were selected for furtheritro enzymatic inhibitory studies. To
further clarify the primary mechanisrh; was taken forward and examined ioyvitro AO/EB
dyeing, the migration of A549 cells and cell cyalalysis.

2. Results and discussion
2.1 Chemistry

The general synthetic routes of the title compourads illustrated inScheme 1-3
Commercially available 2,4-dichloro-5-nitropyrimigi (1) as the starting material reacted with
cyclopentylamine to give compour2l which was reduced using iron powder and catalytic
amounts of concentrated HCI in EtOHHto obtain amide intermedia& The intermediatd
was prepared fror by treatment with ethyl oxalyl monochloride in tmee. Intermediatd was
converted to chloro-pteridinon& by refluxing in SOG and catalytic amounts of DMF.
Intermediateb was converted to tetrazole prodB8aising NaN as a cyclization reagent in DMF at
0 °C. Subsequently, the intermediétevas availableia hydrazinolysis of intermediat with 80%
hydrazine monohydrate in EtOH at 40 °C. Intermediatvas treated with trimethyl orthoformate
or triethyl orthoformate under 80 °C to producazdle intermediate® and9, respectively. Side
chain anilines 12) were prepared in two steps as showrSeheme 2 Aromatic nucleophilic
substitution of fluorine in 4-fluoronitrobenzene bgcondary amines were readily achieved in
DMF at 40 °C. The resulting nitrobenzenes were ceduto anilines using Pd/C in EtOH and



generally used without further purification. Sulbseotly, amination of7, 8, and 9 by
corresponding aryl amine%2) with p-toluenesulfonic acid as catalyst furnished taog@hpounds
Hi-Hqs Y1-Y 14 andL 1-L14 (SCheme $.
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Scheme 1.General scheme for the synthesis of key intermesliagt 8, and 9; Reagents and
conditions: (a) Cyclopentylamine, NaHgCDCM, 25 °C, 10 h; (b) Fe powder, HCI (cat.),
EtOH/H0, reflux, 2 h; (c) i: Ethyl oxalyl monochloride ,80s, acetone, 2 h; ii: TEA, EtOH, 100
°C, 4 h; (d) SOG| DMF (cat.), reflux, 2 h; (e) Ni#NH,H,0, EtOH, 40°C, 2 h; (f) HC(OEt), 80
°C, 2 h; (g) Nay, DMF, 0°C, 10 h; (h) CHHC(OEt), 80°C, 2 h.
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Scheme 2Preparation of the side chain anilines; Reagentanditions: (a) Amines 1R*NH,
K,CO;, DMF, 40 °C, 6 h; (b) B 10 % Pd/C, EtOH, rt, 5 h.



Hl Hyy

XX — ) ):\,( I
5 5

Li-Lyy

(0]

R! N\Rz Yi-Yi4 R! N “R?

Scheme 3General scheme for the synthesis of target commuRdagents and conditions: (a)
p-Toluenesulfonic acid, 1-butanol, 1680, 15 h.

Alternatively, the key Intermediat® existed two reaction sites in the pteridinone citme
(2-chlorine or 6-chlorine), which both could readth NaNs;. So the tetrazole produddsor 8a,
and the substitute produd@b or 8c could be obtained in theor¥if. 5). In this sense, literature
precedent illustrating the possibility of usingstiiehavior for the generation of tetrazole products
in which the methods of structure verification eaiee. [26] Our efforts represent the first studies
on the structure verification by X-ray single ca}sfTo our delight, the single product was finally
achieved, and the X-ray single crystal diffractmmalysis of this product~{g. 6) permitted the
assignment of its absolute configuration as 6-zgtibn produc8 (CCDC: 1848418. Meanwhile,
in the process of triazole product, the proddcts 7a could be obtained in theory. But the same
result was achieved and the structure was confirmethe X-ray single crystal diffraction as
6-cyclization produc (CCDC: 1848417. These results indicated that cyclization in &ifjon
of pteridinone was more reactive than the 2-pasitio
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Fig. 5. The analysis of the cyclization products (tetrazpteducts8, 8a, 8b, 8c and triazole
products7, 7a) of intermediatés in theory.
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Fig. 6. X-ray crystal structure of compoundsinds.
Later, we evaluated the role of NH proton at th@ @esition ofL ; in cytotoxicity assays by
acylatingL 3 with acetic anhydride to obtaln s (Scheme 4.
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Scheme 4Acylation of NH group of_3; Reagents and conditions: (a) (4®@) 100°C, 4h.
2.2 Bioactivity and discussion

2.2.1 Invitro antiproliferative activity and SARS study

To evaluatein vitro antitumor activities, all synthesized compounéis-i4, Y1-Y14, and
L:-L15) were investigated against a panel of cancer lgads, including A549 (human lung
adenocarcinoma), HCT116 (human colorectal cand®t)y3 (human prostate cancer), MCF-7

15



(human breast cancer), MDA-MB-231 (human breastedrcells by the MTT assay. Meanwhile,
palbociclib and BI6727 were served as positive mist The results were expressed as
half-maximal inhibitory concentration (k) values and summarized Table 1, Table 2, and
Table 3. As illustrated inTable 1, most of 7-amino-[1,2,4]triazolo[4 Bpteridinone derivatives
Hi-H14 showed moderate to significant cytotoxic actiwtagainst the different cancer cell lines.
Several of these compounds were more potent thilnogelib against one or more cancer cell
lines, which suggested that the combination of Japteridinone framework and triazolo moiety
exhibit potent synergistic antitumor effect. Prefiary SARs indicated that the introduction of
different amino groups at the C-7 position of 74amrj1,2,4]triazolo[4,¥pteridinone moiety had

a significant influence on activity, which suggestkat the hydrophili@ group contributed much
to their potency. Compounds bearing piperazine tydlé,, Hs, H7, andHg) displayed excellent
anti-tumor activities in the sigle-digit micromoleange against A549 and HCT116 cells. Notably,
the better promising compouiht};, displayed stronger potency than palbociclib in 854CT116
and MCF-7 cells with Ig values of 0.8uM, 4.40 uM and 0.41uM, respectively. However,
when the piperazine was substituted by cyclope(itik), the cytotoxic activities decreased
significantly. Replacement of the nitrogen atonpiferazine group i, by oxygen, carbon or
sulfur atom Hy, H4 andHg) led to the diminished potency, indicating that gresence of cationic
nitrogen atom was a critical factor in anti-praliéve activities. In order to improve the polarity
of piperidine ring, hydrophilic hydroxyl group d¥-methylpiperazinyl was embeded on the
piperidine ring. The results indicated that the ropthilic N-methylpiperazinyl l,4) had more
positive impact on the activities than hydroxyl gpoH o). Generally, five-membered pyrrolidine
analogs were less active than corresponding sixbeesd inhibitors g vs. H,) despite
possessing equivalently basic nitrogen atoms, igigtithg the importance of ring size. Besides, an
increase in potency was observed once the pymelidgroup in Hg was "opened" to
dimethylamine Itl10). Overall, SARs studies identified the
7-amino-[1,2,4]triazolo[4,3]pteridinone moiety bearing piperazine "tails" mi@e harboring
cationic nitrogen atoms with favorable potency.

Further studies were performed to examine the efiéshifting the 1,2,3-triazole motif of
Hi-Hy4 series compounds to the tetrazolo series compo(d¥.4). The results displayed that
most of the tetrazolo series compounds had lowdotayicity than 1,2,3-triazole series.
Interestingly,Y ; was maintained approximately cytotoxicity in A548CT116, PC-3, MCF-7 and
MDA-MB-231cells with 1G, values of 0.44M, 0.60 pM, 1.00 uM, 0.50 uM, and 1.60uM,
respectively.

The methyl group acts as an essential factor imtbhkecular recognition of endogenous and
exogenous substrates by means of biorecepttiheugh it only participates in London dispersion
interactions, methyl group has stereoelectroniecéffon micromolecules and biomacromolecules.
Accordingly, the methyl group can lead to multipielogical effects, such as, selectivity among
bioreceptors, increased the binding affinity, amdtgction against enzyme metabolism.[27]
Further investigations were performed to studyitireduction of a methyl group to the 1 position
of 7-amino-[1,2,4]triazolo[4,3}pteridinore core on the cytotoxic activity. Piperazine "tails"
moieties on the 7 positon of 7-amino-1-methyl-[4]Riazolo[4,3f]pteridinore core to a proper
degree was a key factor in improving inhibitoryiaty (L, vs. H7, L3 vs. H3) suggesting that the
methyl group was a favorable motif to potency iesth cell lines.

Obviously, all target compounds possessed selgcfi A549 and HCT116 cancer cell lines,



and had the makings of good drugs for lung andreotal cancer. Moreover, the examination of
SARs indicated that these analogs had similar S#sRsimmarized before.

In conclusion, the most potent compoundshowed promising cytotoxicity against A549, PC-3,
HCT116, MCF-7 and MDA-MB-231cell lines with igvalues of 0.1:M, 0.30 uM, 0.51 uM,
0.30uM, and 0.7QuM, respectively. The potency was much higher thalbgriclib by 8.2-, 29.6-,
4.4-, 13.6-, and 5.0-fold (Kg = 1.32uM against A549, Ig, = 8.90uM against HCT116, 16 =
2.20 uM against PC-3, 165 = 4.09uM against MCF-7, 16, = 3.50uM against MDA-MB-231),
separately. However, the potency was slightly wedkan BI6727. These encouraging results
provided a valuable lead compouhéd and highlighted the potential for further develawof
novel pteridinone derivatives as potent antitunyards.

Table 1. Structures and cytotoxicity of compoundts{H 14).

N A=N
P - ,EZ—N\/(N
N NN o N
O
R2
B H;-Hyy
Compd. -NRR? ICs0? (uM) + SDP
A549 HCT116  PC-3 MCF-7  MDA-MB-231
H, — » 38.86:0.01 8.91:0.08  >50 >50 3.500.04
H, N 6.96:0.03 8.00+0.2  26.51#0.03 >50 >50
Hs 2054 1.07+¢0.02  7.50+0.03  3.48+0.02  0.98+0.05 >50
H, 20 3.11#0.03  20.10:0.2  >50 >50 3.85+0.08
Hs = — 3.31:0.04  12.00:0.2  >50 >50 4.900.07
He =] 5.63:0.01  49.33:0.03 11.27+0.05 >50 >50
H, HC 0.89:0.06  4.40£0.07 3.26x0.01 0.41:0.03 4.80+0.02
Hg By 2.12$0.09  12.00:0.1  >50 >50 6.400.09
Ho (O 9.80+0.03  9.71#¥0.08  19.12+0.02 1.91#0.03 >50
Hio - H-on 41.680.02 36.12+0.04 >50 >50 8.10+0.02
Hu H<J >50 21.22+0.02 >50 >50 >50
Hi, i 3.89+0.07 19.13:0.03 >50 7.28:0.02 >50
His <) >50 22.34:0.01 >50 >50 3.96+0.04
His ) - 2954001 9.30£0.02  13.40:0.03 >50 >50
Palbociclib 1.3240.02  8.90£0.05 2.20:0.02  4.09:0.05 3.50+0.03
BI6727 0.08:0.01  0.11#0.02  0.09+0.01  0.09+0.02 0.11+0.03

3Values are the means of at least three indepedgetiments® SD: standard deviation.

Table 2. Structures and cytotoxicity of compoundsY 14).



N A= NN
g ~ 2NN
HN” "N N7 Yo i
O R
R2
B Yi-Yi4
Compd -NRR? ICs0 2 (uM) + SDP
A549 HCT116  PC-3 MCF-7 MDA-MB-231
Y, — » 4.81%0.02  43.23+0.02 >50 >50 48.45+0.09
Y, N 1.25:0.04  19.11+0.04 3.80£0.09 >50 15.81+0.08
Ys 2854 3.57+0.03  >50 16.1240.06 >50 >50
Y, 20 1.160.02  >50 >50 >50 >50
Ys = — 4.92+0.08  >50 >50 >50 >50
Yo =] 7.86£0.03  >50 >50 >50 >50
Y, HC 0.44+0.01  0.60+0.01  1.00£0.03  0.50+0.03 1.60+0.04
Yo By >50 >50 >50 >50 37.35+0.08
Yo WO 3.85+0.04  >50 >50 2.3120.02 >50
Yo = H-on >50 36.34+0.09 >50 >50 53.45+0.09
Yu H=<TJ >50 43.2240.08 >50 >50 8.95+0.03
Yoo - 10.06+0.09 >50 >50 2.58+0.05 >50
Yis <) >50 2.1240.04  >50 >50 >50
Yia - - 1.2840.01  7.62+0.03 >50 >50 5.81+0.03
Palbociclib 1.32+40.02  8.90+0.05 2.20:0.02  4.09+0.05 3.50+0.03
BI6727 0.08:0.01  0.11#0.02  0.09#0.01  0.09+0.02 0.11+0.03
3values are the means of at least three indepeedgetiments® SD: standard deviation.
Table 3. Structures and cytotoxicity of compounds-L 14).
O A-YN
IZEN N
“"1""
© G Rl
R2
Li-Lyy
Compd. -NRR? ICso? (uM) + SDP
A549 HCT116  PC-3 MCF-7 MDA-MB-231
L, — » 4.29:+0.02  8.91+0.02  >50 >50 >50
L, - 1.92+0.05 72.82+0.05 7.61#0.08 1.05:0.02 0.61+0.03
Ly @4 0.68+0.03  9.61+0.03  5.00£0.05 0.51+0.02 2.25:0.01
Ls =) 5.24+0.07  19.11+0.07 >50 >50 6.26+0.05
Ls = — >50 11.23+0.08 >50 >50 >50
Le = >50 >50 >50 >50 >50



L, HC 0.16:0.02  0.3020.03  0.51#0.02 0.30:0.01 0.70+0.02
Lg By 7.19#0.08 5.82+0.01 >50 >50 >50

Lo WO 5.46+0.03  7.61#0.05 8.44+0.01 0.75:0.01 3.35+0.04
Lo = H-on 21.69:0.09 18.12#0.03 >50 >50 >50

L H=<TJ 9.29+0.06  >50 >50 >50 >50

L1 - 8.86:0.04  29.11+0.02 >50 >50 >50

Lis <) 11.3620.04 >50 >50 >50 9.12+0.07
Lis ) = 2384005 12.12+0.03 >50 3.2140.03  5.85+0.09
Palbociclib 1.3240.02  8.90£0.05 2.20:0.02 4.09+0.05 3.50+0.03
BI6727 0.08:0.01  0.11#¥0.02  0.09£0.01 0.09+0.02 0.11+0.03

3Values are the means of at least three indeperdgetiments® SD: standard deviation.
Table 4.1nvitro cytotoxicity ofL 3 andL ;5 Compounds

=
N
NTNI
|
R?t ~, o
N)\N N" o

O O
()

NK
Compd. R ICs0? (uM) + SDP
A549 HCT116 PC-3 MCF-7 MDA-MB-231
Ls H 0.68+0.03 9.61+0.03 5.00+0.05 0.51+0.02 2.25+0.01
L1s CH5CO- 20.25+0.09 40.32+0.08 >50 >50 >50

3values are the means of at least three indepeedgetiments® SD: standard deviation.

According to the literatures [14], the NH of th@dsiton at 7-aminopteridinone core acted as a
key hydrogen bond donor to interact with the cqroesling amino acids in the kinase hinge
region. As hypothesized, amine-substituted anilinffs;s) positioned at C7 of the
7-amino-1-methyl-[1,2,4]triazolo[4,8pteridinone core led to an inactive compound. Thiss
not surprising for this bridging NH may act as § kgdrogen bond donor.
2.2.2In vitro enzymatic assays
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Fig. 7.Enzymatic activities of the target compounds.

Based on the cellular assays and molecular docksgts, potent compounds were selected for
furtherin vitro CDK6, and PLK1 % inhibition at iM. The results were summarizedRiy. 7. As
shown inFig. 7, all compounds poorly inhibited CDK6 kinases withinhibition values ranging
from 8.9% to 17.6%. However, most of compounds ldiggd more highly inhibition against
PLK1 than CDK6 kinases with % inhibition values garg from 19.3% to 86.4%. In parallel with
cellular results, inhibitors bearing the 1-methy2;4-triazole atA ring of pteridinone core were
found to more potent than corresponding 1,2,44t@or tetrazolo analogues, which further
proved 7-amino-1-methyl-triazolo[4 fPsteridin-4(8H)-one a favorable building block to increase
PLK1 potency. Even though it showed more selegtiagainst PLK1, the inhibitory activity of
compoundL; was still less than BI6727. These results inditatieat two series of novel

compounds worth further studying as new potentitiicancer agent for the treatment of human
cancers.

2.2.3Cdll apoptosis study

To investigate the molecular mechanisms of actioglimpinarily, cell apoptosis analysis of
Ab549 cellstreated with the optimal compoundfs andL; was performed using a biparametric
acridine orange (AO) and ethidium bromide (EB)rstag. EB was able to penetrate through intact
membranes of live cells and colors DNA as greearélacence, while AO was only taken up by
apoptotic cells with damaged membranes coloring D&8Aorange fluorescence. Therefore,
normal live cells appeared uniformly stained graeoolor. Early apoptotic cells contained bright
green condensed bodies in their nuclei represemimgjear DNA fragmentation and later
apoptotic cells presented colored orange nuclécatithg that their membranes are broken.

As shown inFig. 8 orange-red stained cell nucleus appeared akatntent with 1.QuM
compoundY; andL ; for 24 h, indicating the late stage apoptosis B4®@ cells. Treatment with 5.0
uM compoundY; andL - led to a significant increase in the percentagapofptotic cells, marked
by concentrated orange-red nucleus stained withlERBddition, these results demonstrated that

compoundL; was more potent thavi; in inducing cell apoptosis, indicating that compound
deserves further investigation.
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Fig. 8. Effect of compound ; andL ;on cell apoptosis in A549 cells.
2.2.4Wbund-healing assay.

As migration is an important characteristic for astatic cancers, the effect of compolrtn
migration of cancer cells was investigated by tloeimd healing assay. As shownFig. 9and10,
treatment of A549 cells with compouhg at indicated concentrations markedly suppressed th
wound healing in a concentration-dependent manner.
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Fig. 9. In vitro wound healing assay on A549 cells. Phase coritregjes were obtained by the
treatment of compounds; at indicated concentrations for 0, 12, 24 and.36 h
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Fig. 10.In vitro wound healing on A549 cells bf. Columnar graph represents the transferred
percentage distribution at different concentratiand at different time.
2.2.5Cdll cycle analysis

The cell cycle analysis was performed to investigae prevention of proliferation in A549
cells with the most potent compoubhel After treatment of A549 cells with compoubé for 24 h
at indicated concentrations (0.2, 1.0, pM), the cells were fixed and stained with PI, thedAD
content was analyzed by flow cytometry. The obtinesults were compared with non-treated
A549 cells, as control. As shown fiigs. 11and12, treatment of A549 cells with; at 0.2, 1.0,
and 5.0uM concentrations increased the percentage of G&ephalls from 63.34% (as control
group) to 74.99%, 79.82%, and 82.32%, respectividlgse results confirmed that compound
significantly caused G1-phase arrest in A549 cells.
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g. 11.Effect of compoundL; on the cell cycle distribution of A549 cells.
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Fig. 12.Quantitative analysis of cell cycle distributioi&) Non-treated cells as control group; (B)
treated withL; at 0.2uM; (C) treated with_; at 1.0uM; (D) treated withL ; at 5.0uM.

2.2.6Molecular docking studies
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Fig. 13. The binding models ot ; or L;s with PLK1 and CDK®6. (A) Predicted binding
conformation forL; (blue sticks) in the binding site cavity of PLKRB code: 3FC2), (B) 2D
diagram of the interaction betweén and the binding site cavity of PLK1, (C), overlapping
with BI6727 (red sticks), (D) 2D diagram of thedrdction betweem ; (pink sticks) and the
binding site cavity of CDK6 (PDB code: 5L2I), (E); overlapping with palbociclib, (F) 2D
diagram of the interaction between palbociclib égrsticks) and the binding site cavity of CDK®,
(G) 2D diagram of the interaction betwelegs (dark green sticks) and the binding site cavity of
PLK1, and (H) 2D diagram of the interaction betwkegand the binding site cavity of CDK®6.

In order to better understand the binding mode emdar docking models df; or L5 were
performed based upon the cocrystal structure of Pukkh B16727 (PDB code: 3FC2) and CDK6
with palbociclib (PDB code: 5L2I), respectively.

As shown inFig. 13 L7 occupied the kinase domain in a similar mannerl& B7. In contrast
to two hydrogen bonds observed in the cocrystataire of BI6727 with PLK1Kig. 13A) at the
hinge areal ; was found toform three hydrogen bondsa the 8-position nitrogen atom, the
7-position  NH and the 4-positon oxygen atom of bomyl of the
7-amino-1-methyl-[1,2,4]triazolo[4,8pteridinone nuclei with Cys 133 and Cys 67, refipely
(Fig. 13A). In the meantime, the-Sigma interaction between triazolo with Leu 13@ &ne -z
stacked interaction between [1,2,4]triazolo[fl[Beridinone with Phe 183 was also present.
Inspiringly, the hydrophilic "tail", 2,6-dimethylperazine moiety, was engaged inakyl
interactions and carbon hydrogen bonds with Leuvafidating the rationality of our design and
the importance of the basic nitrogen atofig.(13B). Besides, its 1-position methyl group on the
triazolo moiety filled with active chamber which wld be beneficial to increase the binding
affinity. All these interactions played an importarole in stabilizing the conformation of
ligand-protein complex. Docking structure of compdl; overlayed with BI6727 in PLK1
showed that the conformation and binding mode ehmmundL; were well consistent with
BI6727 Fig. 13C). AlthoughL ; occupied the kinase domain in a similar manneratibqgiclib
(Fig. 13B), palbociclib was found teorm three hydrogen bondsa the 3-position nitrogen atom,
the 2-position NH and the 6-position oxygen atom oaécetyl of the
pyridin-2-ylyamino)pyrido[2,3-d]pyrimidin-7(8H)-onenuclei with Val 101 and Asp 163,
respectively Fig. 13F), compared td ; was found tdorm only two hydrogen bonds with Val 101
(Fig. 13D).

On the other hand, the docking results of compduacduggested that the acetylated 7 position
N atom could not form hydrogen bond with Cys 13%bK1 protein, and with Val 101 of CDK6
protein. Meanwhile, the introduction of acetyl gpotesulted the forming of unfavorable bump.
Therefore, the NH of the 7 positon at 7-aminopiadode core played an important role. This
result was also consisted with tirevitro antiproliferative activity, which the acetylatedoguct
Lis  displayed lower potency than compound L. Therefore, the
7-amino-1-methyl-[1,2,4]triazolo[4,8pteridinone moiety could serve as a scaffold fawhich to
build a novel series of PLK1 inhibitors.

2.3 Physicochemical and ADME parameters

Furthermore, some physicochemical and ADME propertif the synthesized compounds and
positive controls were predicted using the SwissADMa free web tool to evaluate
pharmacokinetics, drug likeness and medicinal cheyiriendliness of small molecules) for their
adaptability with Lipinski's rule of five [28-32]Compounds obeying at least three of the four
criteria are considered to adhere to Lipinski Rule.

As demonstrated ifable 5, the most active compounds shown variable perrigabased on



gastrointestinal absorption (Gl), according to B@ILED-Egg predictive model (Brain Or
IntestinaL EstimateD permeation method). All préeticcompounds showed high gastrointestinal
absorption. With respect to oral bioavailability;s i expected 0.55 of probability of oral
bioavailability score >10% in the rat for all conymals, greater than BI6727 (0.17). Compound
exhibited potentin vitro antitumor activity, low toxicity and reasonable ypltochemical
properties, because suitable flexible and size embibhavailability radar mag={g. 14). All these
data suggests that compoubhd could be considered as a promising candidate diothér
development.

Table 5.Physicochemical properties and ADME properties oshactive compounds.

MW H-bond H-bond LogP Violation ®PSA  Rotatable
Compd. (g/mol) acceptors donors  olw Lipinski %) bonds ®BBB ‘GI “BS
<500 <10 <5 <5 Rule of 5 <140 <10
H, 459.55 6 2 2.06 0 105.27 4 NO High  0.55
Y, 460.53 7 2 2.11 1 118.16 4 NO High  0.55
L, 473.57 6 2 2.40 0 105.27 4 NO High  0.55
Hs 459.55 6 1 2.10 0 96.48 5 NO High  0.55
Y3 460.53 7 1 2.16 1 109.37 5 NO High  0.55
Ls 473.57 6 1 2.46 0 96.48 5 NO High  0.55
Lo 489.57 7 2 1.78 1 116.71 6 NO High  0.55
L1a 542.68 7 1 2.47 2 99.72 5 NO High  0.17
Palbociclib ~ 447.53 6 2 2.24 0 105.04 5 NO High 0.55

BI6727 618.81 7 2 3.59 2 106.17 11 NO High 0.17

%PSA - Polar surface are8BBB — blood-brain barrier’Gl — Gastrointestinal absorptiofiBS —
Bioavailability Score.

A: L, B: Palbociclib C: BI16727
LIPO LIPO LIPO
FLEX SIZE FLEX SIZE FLEX SIZE
INSATU POLAR INSATU POLAR INSATU POLAR
INSOLU INSOLU INSOLU

Fig. 14.The bioavailability radar enables a first glanceéhat drug-likeness of a molecul&: (L -,

B: Palbociclib, C: BI6727). The pink area represents the optimal range for gmobperties
(lipophilicity: XLOGP3 between -0.7 and +5.0, si2ddW between 150 and 500 g/mol, polarity:
TPSA between 20 and 136 5olubility: logSnot higher than 6, saturation: fraction of carbimns
the sp hybridization not less than 0.25, and flexibilitgt more than 9 rotatable bonds.

3. Conclusion

In current investigation, two series of novel 7-am[1,2,4]triazolo[4,3¥]pteridinone, and
7-aminotetrazolo[1,5}pteridinone derivatives with hydrophilic "tailsB) bearing aliphatic amine
groups, were firstly designed and synthesized. d&afpibn of SARs culminated ih;, which
contained a terminal 2,6-dimethylpiperazine Batand 1-methyl-1,2,4-triazole aA ring of
pteridinone core, showed the most potent antignaifve activity against A549, PC-3, HCT116,
MCF-7 and MDA-MB-231cell lines with I§3 values of 0.1eM,0.30uM, 0.51uM, 0.30uM, and



0.70uM, respectively. Combined with the results of thelesular docking and enzymatic studies,
the PLK1 was very likely to be one of the drug &sgof compound. ;. Furthermore, to clarify
the mechanism of the anticancer activity of therigiteone molecule, the AO/EB and
wound-healing assays confirmed thatinduced cell apoptosis. Finally, cell cycle anaysfL -,

by flow cytometry showed cell cycle arrest in Glaph, DNA fragmentation and alteration in
mitochondrial membrane potential by compoubd for the three concentrations tested. In
summary, the SARs studies together with the phastogical assays on novel pteridin-#{Bone
analogues identified.; as a promising anti-cancer agent, which will leadthe promising
development of new drugs.

4. Experimental procedures

4.1 Chemistry

All melting points were acquired on a Mettler Medii Point MP70 apparatus (Mettler, Toledo,
Switzerland) and uncorrected. Mass spectra (MSewaken in ESI mode on Agilent 1100
LC-MS (Agilent, palo Alto, CA, USA). Reactions were monitored by thin-layer
chromatography (TLC) on silica plates (F-254) aisliglized under UV lightH NMR and
%C NMR spectra were performed using Bruker specttersgBruker Bioscience, respectively,
Billerica, MA, USA) with TMS as an internal standaColumn chromatography was run on silica
gel (200-300 mesh) from Qingdao Ocean Chemicalsgfzio, Shandong, China). X-Ray
diffraction studies where carried on an Bruker SMA®Roex-IICCD-based X-ray diffractometer.
Unless otherwise noted, all materials were obtafr@md commercially available sources and used
without further purification.

4.1.1 General procedure for preparation of compounds (2-9)

4.1.1.1 2-chloro-N-cyclopentyl-5-nitropyrimidin-4-amine (2)

2,4-Dichloro-5-nitropyrimidine (50.0 g, 259 mmolhd NaHCQ (43.5 g, 518 mmol) were
dissolved in DCM (200 mL) and cooled to 0 °C. Cydatylamine (26.4 g, 311 mmol) was
dissolved in DCM (50 mL) and added dropwise. Aftez completion of the dropwise addition,
the cooling bath was removed, and the reactionuréxivas stirred at room temperature for about
10 h. Then organic was washed by water, and bfihe.organic phase was dried over,81@,
filtered, and the solvent evaporated to obtain B§.#f2 as a yellow solid, m.p.:125.2 — 126.6 °C.
Yield: 85%; MS (ESIynz 243.3 [M+H].

4.1.1.2 2-chloro-N4-cyclopentyl pyrimidine-4,5-diamine (3)

To a suspension of compoud50.0 g, 207 mmol) in 200 mL of 95% ethanol wasesdHCI (1
mL), and Fe Powder (57.8 g, 1035 mmol) in batché® mixture was heated for 2 h at reflux.
After completion of the reaction as indicated byCTlthe mixture was filtered through a celite bed
and concentrated in a vacuum to afford pure prodlicé residue was purified by silica gel
column chromatographyto obtain 32.1 g3fs a white solid, m.p.: 128.2 — 130.0 °C. Yield:
73.3%; MS (ES)Wz 213.2 [M+H].

4.1.1.3 2-chloro-8-cyclopentyl-5,8-dihydropteridine-6,7-dione (4)

To a stirred solution of compour®(30.0 g, 124 mmol) and KOs (34.2 g, 248 mmol) in acetone
(150 mL) was dropped ethyl oxalyl monochlori@8.9 g, 136 mmol). The mixture was stirred at
rt for 2 h. The reaction mixture was filtered ar ffiltrate was concentrated under reduced
pressure. The crude ketoester was dissolved inabdetOH (200 mL), placed in a pressure flask,
and TEA (15.1 g, 149 mmol) was added. The mixtuees weated for 4 h at 100 °C. After
completion of the reaction as indicated by TLC, thigture was filtered to obtain 27.4 g 4fs a



white solid, m.p.: 210.1 — 212.2 °C. Yield: 83.6MS (ESI)m/z 264.9 [M-H].

4.1.1.4 2,6-dichloro-8-cyclopentyl pteridin-7(8H)-one (5)

To a solution of compound (25.0 g, 94 mmol) in SOE(80 mL) at refulx was dropped DMF (1
mL), and the resulting mixture was kept at thisgemature for 2 h. The solvent was concentrated
in vacuum and the residue was poured into stiricegwater (200 mL), the resulting precipitate
was filtered and dried to obtain 24.3 g5odis a white solid, m.p.: 269.0 — 279.3 °C. Yielt:29%;
MS (ESI)m/z 285.26 [M+H].

4.1.1.5 2-chloro-8-cyclopentyl-6-hydrazinyl pteridin-7(8H)-one (6)

A mixture of5 (18.0 g, 63.4 mmol) and 80% hydrazine monohyd{@te g, 190 mmol) in EtOH
(200 mL) was stirred at 40 °C for 2h. After comfatof the reaction as indicated by TLC, most
of the solvent was evaporated under reduced presgoen white solid appeared. The resulting
precipitate was filtered off, washed with waterd aried under vacuum to afford 15.6 géoés a
white solid, m.p.: 210.7 — 212.1 °C. Yield: 88.4MS (ESI)m/z 279.0 [M-H].

4.1.1.6 7-chloro-5-cyclopentyl-[ 1,2,4] triazol o[ 4,3-f] pteridin-4(5H)-one (7)

To a stirred solution of compour&l(6.0 g, 21.4 mmol) in trimethyl orthoformate (2Q.mThe
reaction mixture was stirred at 80 °C for 2h, cddle room temperature. The resulting precipitate
was filtered off, washed with diethyl ether, andiedrto afford 5.3 g o¥ as a white solid, m.p.:
251.8 — 253.1 °C. Yield: 86.1%; MS (E$#jz 313.1 [M+Na]. '"H NMR (400 MHz, DMSOds) &
9.90 (s, 1H), 9.49 (s, 1H), 5.76 — 5.60 (m, 1H2122.13 (m, 2H), 2.09 — 1.98 (m, 2H), 1.98 —
1.83 (m, 2H), 1.67-1.64 (m, 2H).

4.1.1.7 7-chloro-5-cyclopentyltetrazol o 1,5-f] pteridin-4(5H)-one (8)

NaN; (1.14 g, 17.6 mmol) was added to suspensiob (&.0 g, 17.6 mmol) and DMF (20 mL).
The mixture was stirred at 0 °C for 10 h. After qdetion of the reaction as indicated by TLC, the
reaction mixture was cooled to room temperaturedewaas then added, and the solid was filtered
and dried under reduced pressure to afford 4.2 § af a white solid, m.p.: 185.4 — 186.8 °C.
Yield: 80.2%; MS (ESIywz 292.3 [M+H]. 'H NMR (400 MHz, DMSOdg) § 9.71 (s, 1H), 5.78
—5.70 (m, 1H), 2.21 — 2.13 (m, 2H), 2.08 — 2.02 2id), 2.00 — 1.88 (m, 2H), 1.73 — 1.62 (m,
2H).

4.1.1.8 7-chloro-5-cyclopentyl-1-methyl-[ 1,2,4] triazol o[ 4,3-f] pteridin-4(5H)-one (9)

To a stirred solution of compour@l (6.0 g, 21.4 mmol) in triethyl orthoformate (20 jndThe
reaction mixture was stirred at 80 °C for 2h, cddle room temperature. The resulting precipitate
was filtered off, washed with diethyl ether, andiedrto afford 5.2 g 08 as a white solid, m.p.:
255.3 — 257.1 °C. Yield: 79.1%; MS (ESWz 327.2 [M+Na].

4.1.2 General Procedure for Preparation of (11)

Substituted amine (1.2 equiv) was added to a meéxtir 4-fluoronitrobenzene (1 equiv) and
K,CGO; (2.0 equiv) in DMF (7 mL/g). The reaction mixtunas stirred at 40 °C and followed by
TLC. After completion of the reaction, the mixtuveas poured into stirring ice-water. The
resulting precipitate was filtered and dried toaidbtompound41 as a yellow solid.

4.1.3 General Procedure for Preparation of (12)

The substituted nitro compourd (1 equiv in a mixture of EtOH-4®, 95:5, 20 mL) was treated
with 10% Pd-carbon (5% w/w). The reaction was st to hydrogenation under hydrogen gas
at room temperature and the reaction was monitoyetl.C. After completion of the reaction, the
mixture was filtered through a Celite bed and cotreged in a vacuum to afford produ&

4.1.4 General procedure for preparation of compounds (H1-H 14, Y1-Y14, L1-L14)



To a stirred solution of compouril 8, or 9 (1 equiv) in 1-butanol was added compoutgél.1
equiv) andp-toluenesulfonic acid (1 equiv). The mixture wasqeld in a pressure flask, and
heated to 100 °C for 15 h. The reaction mixture wasnched by saturated J)&; aqueous
solution, and then was extracted with DCM and ttgawic phase was washed with water, dried
over anhydrous N&O,. The combined organic layer was concentrated urelirced pressure
and was further purified by flash column chromaggdry using dichloromethane/methanol as
eluent to afford produdii;-Hy4, Y1-Y14, OrLi-L14 as a pale yellow solid.

5-cyclopentyl-7-((4-mor pholinophenyl)amino)-[ 1,2,4] triazol o 4,3-f] pteridin-4(5H)-one (Hy)

Yield: 51.6%; m.p.: 315.3- 316.5 °C; MS (ESI)mwz 455.4 [M+Na]; *H NMR (400 MHz,
DMSO-dg) 6 9.73 (s, 2H), 9.18 (s, 1H), 7.51 @+ 8.9 Hz, 2H), 6.94 (d] = 9.0 Hz, 2H), 5.78 —
5.70 (m, 1H), 3.75 — 3.73 (m, 4H), 3.07 — 3.05 4id), 2.29-2.21 (m, 2H), 1.971.89 (m, 2H),
1.87-1.79 (m, 2H), 1.64 — 1.56 (m, 2H); Anal. Calcd @gH,4NgO,: C, 61.10; H, 5.59; N, 25.91;
Found: C, 61.07; H, 5.51; N, 25.90.

5-cyclopentyl-7-((4-(4-methyl pi perazin-1-yl)phenyl)amino)-[ 1,2,4] triazol o[ 4,3-f] pteridin-4(5H)-0

ne (Ho)

Yield: 62.0%; m.p.: 304.5- 305.7 °C; MS (ES)m/z 446.6 [M+H]; '"H NMR (600 MHz,
DMSO-dg)  9.75 — 9.73 (m, 2H), 9.19 (s, 1H), 7.49 J&; 6.3 Hz, 2H), 6.93 (d] = 7.8 Hz, 2H), 5.74
(s, 1H), 3.09 (s, 4H), 2.45 (s, 4H), 2.25 (s, 2M22 (s, 3H), 1.93 (s, 2H), 1.83 (s, 2H), 1.6@); °C
NMR (101 MHz, DMSQdg) 6 158.14, 153.79, 153.38, 149.23, 147.49, 142.52,883 137.87, 131.88,
121.74, 116.18, 55.14, 53.76, 49.15, 46.27, 4046443, 40.22, 40.02, 39.81, 39.60, 39.39, 28.15,
25.58 Anal. Calcd for GzH,7NgO: C, 62.01; H, 6.11; N, 28.30; Found: C, 61.98;6:04; N,
28.28.

5-cyclopentyl-7-((4-(4-ethyl piperazin-1-yl)phenyl)Jamino)-[ 1,2,4] triazol o] 4,3-f] pteridin-4(5H)-one
(Hs)

Yield: 59.8%; m.p.: 318.7Z 320.0 °C; MS (ES)m/z 460.6 [M+H]; *H NMR (600 MHz,
DMSO-dg) 6 9.73 (s, 2H), 9.17 (s, 1H), 7.48 (= 8.2 Hz, 2H), 6.93 (d] = 8.6 Hz, 2H), 5.74 (s,
1H), 3.32 (s, 3H), 3.09 (s, 4H), 2.32.35 (m, 2H), 2.29-2.20 (s, 2H), 1.93 (s, 2H), 1.841.79
(m, 2H), 1.64-1.56 (m, 2H), 1.03 (tJ = 7.1 Hz, 3H)*C NMR (101 MHz, DMSGdg) & 158.15,
153.38, 149.24, 147.55, 142.52, 137.84, 131.84,7921116.15, 108.64, 53.78, 52.86, 52.11, 49.28,
40.64, 40.43, 40.22, 40.01, 39.80, 39.59, 39.39,£85.57, 12.48Anal. Calcd for G4H,gNgO: C,
62.73; H, 6.36; N, 27.43; Found: C, 62.70; H, 618127.41.
5-cyclopentyl-7-((4-(piperidin-1-yl)phenyl)amino)-[ 1,2,4] triazol o 4,3-f] pteridin-4(5H)-one (H.,)
Yield: 48.3%; m.p.: 291.9- 293.0 °C; MS (ESI)m/iz 429.6 [M-H]; 'H NMR (600 MHz,
DMSO-dg) 6 9.53 (s, 1H), 8.94 (s, 1H), 7.41 (M= 8.2 Hz, 2H), 6.53 (d] = 8.8 Hz, 2H), 5.75 (s,
1H), 3.21 (t,J = 6.3 Hz, 4H), 2.91 (s, 2H), 2.252.20 (m, 2H), 1.95-1.91 (m, 4H), 1.89 — 1.88
(m, 2H), 1.85 — 1.78 (m, 2H), 1.611.55 (s, 2H); Anal. Calcd for £H,eNgO: C, 64.17; H, 6.09;
N, 26.03; Found: C, 64.13; H, 6.02; N, 26.01.

5-cyclopentyl-7-((4-(4-methyl piperidin-1-yl)phenyl)amino)-[ 1,2,4] triazol of 4,3-f] pteridin-4(5H)-0

ne (Hs)

Yield: 55.6%; m.p.: 329.8- 331.3 °C; MS (ESI)m/z 445.5 [M+H]; *H NMR (600 MHz,
DMSO-dg) 6 9.72 (s, 1H), 9.69 (s, 1H), 9.17 (s, 1H), 7.46])(¢,8.7 Hz, 2H), 6.92 (d] = 9.0 Hz,
2H), 5.74 (s, 1H), 3.59 (d,= 12.3 Hz, 2H), 2.67 — 2.55 (m, 2H), 2.28 — 2.8 2H), 1.97-1.87
(s, 1H), 1.85 - 1.80 (m, 2H), 1.#1.68 (m, 2H), 1.6+ 1.56 (m, 2H), 1.50 — 1.46 (m, 2H), 1.27
1.21 (m, 2H), 0.94 (d) = 6.5 Hz, 3H); Anal. Calcd for £H»gNgO: C, 64.85; H, 6.35; N, 25.21;



Found: C, 64.79; H, 6.34; N, 25.19.

5-cyclopentyl-7-((4-(pyrrolidin-1-yl)phenyl)amino)-[ 1,2,4] triazol of 4,3-f] pteridin-4(5H)-one (He)
Yield: 66.1%; m.p.: 327.1- 329.2 °C; MS (ES)m/z 415.4 [M-HJ; '"H NMR (600 MHz,
DMSO-dg) 6 9.71 (s, 1H), 9.57 (s, 1H), 9.13 (s, 1H), 7.40)(¢,8.5 Hz, 2H), 6.53 (d] = 8.9 Hz,
2H), 5.73 (s, 1H), 3.21 (§ = 6.4 Hz, 4H), 2.28 3.22 (m, 2H), 1.96-1.94 (m, 4H), 1.93 — 1.88
(m, 2H), 1.82 — 1.81 (m, 2H), 1.591.55 (m, 2H); Anal. Calcd for £H,,NgO: C, 63.45; H, 5.81;
N, 26.90; Found: C, 63.44; H, 5.76; N, 26.88.

5-cyclopentyl-7-((4-(3,5-dimethyl pi per azin-1-yl )phenyl)amino)-[ 1,2,4] triazol o 4,3-f] pteridin-4(5
H)-one (H-)

Yield: 63.2%; m.p.: 275.6- 277.3 °C; MS (ES)m/z 460.5 [M+H]; 'H NMR (400 MHz,
DMSO-dg) 6 9.73 (s, 1H), 9.68 (s, 1H), 9.17 (s, 1H), 7.47)(¢,8.8 Hz, 2H), 6.91 (d] = 9.0 Hz,
2H), 5.78 — 5.69 (m, 1H), 3.48 (d@= 9.7 Hz, 2H), 2.92 — 2.84 (m, 2H), 2.22.20 (m, 2H), 2.11
(t, J=10.9 Hz, 2H), 1.99 — 1.90 (m, 2H), 1.871.78 (m, 2H), 1.64 — 1.56 (m, 2H), 1.04 &
6.3 Hz, 6H); Anal. Calcd for £H,gNgO: C, 62.73; H, 6.36; N, 27.43; Found: C, 62.716k32; N,
27.40.

5-cyclopentyl-7-((4-thiomor pholinophenyl)amino)-[ 1,2,4] triazol o 4,3-f] pteridin-4(5H)-one (Hyg)
Yield: 56.2%; m.p.: 310.6- 312.3 °C; MS (ESI)m/iz 447.5 [M-H]; 'H NMR (400 MHz,
DMSO-dg) 6 9.72 (s, 2H), 9.17 (s, 1H), 7.50 = 8.9 Hz, 2H), 6.93 (d] = 9.0 Hz, 2H), 5.76 —
5.72 (m, 1H), 3.46-3.43 (m, 4H), 2.70 — 2.68 (m, 4H), 2.282.23 (m, 2H), 1.94-1.90 (m, 2H),
1.85-1.79 (m, 2H), 1.64 — 1.58 (m, 2H); Anal. Calcd f@rH,4NgOS: C, 58.91; H, 5.39; N,
24.98; Found: C, 58.84; H, 5.36; N, 24.96.

5-cyclopentyl-7-((4-(4-(2-hydroxyethyl) pi perazn-1-yl)phenyl)amino)-[ 1,2,4] triazol o] 4,3-f] pteridi
n-4(5H)-one (Hy)

Yield: 44.6%; m.p.: 337.2- 338.9 °C; MS (ESI)m/z 476.6 [M+H]; *H NMR (400 MHz,
DMSO-dg) 6 9.73 (s, 1H), 9.70 (s, 1H), 9.17 (s, 1H), 7.48])(¢,8.8 Hz, 2H), 6.92 (d] = 9.0 Hz,
2H), 5.76-5.72 (m, 1H), 3.55-3.52 (m, 2H), 3.10 — 3.07 (m, 4H), 2.57 — 2.55 4id), 2.43 (t,J
= 6.2 Hz, 2H), 2.45 — 2.42 (m, 2H), 1.92 (s, 2HB5](s, 2H), 1.64-1.56 (m, 2H); Anal. Calcd for
CoH29NgO2: C, 60.62; H, 6.15; N, 26.51; Found: C, 60.596H 2; N, 26.45.
5-cyclopentyl-7-((4-(4-hydroxypi peridin-1-yl)phenyl)amino)-[ 1,2,4] triazol o] 4,3-f] pteridin-4(5H)-
one (H1o)

Yield: 61.9%; m.p.: 307.2- 308.5 °C; MS (ESI)m/iz 445.6 [M-H]; 'H NMR (400 MHz,
DMSO-dg) 6 9.72 (s, 1H), 9.68 (s, 1H), 9.17 (s, 1H), 7.46])(¢,8.9 Hz, 2H), 6.92 (d] = 9.0 Hz,
2H), 5.78 — 5.69 (m, 1H), 4.65 (@= 4.0 Hz, 1H), 3.63 3.58 (m, 1H), 3.51 — 3.45 (m, 2H), 3.17
(d,J =4.7 Hz, 1H), 2.82 — 2.75 (m, 2H), 2.22.21 (m, 2H), 1.92 (s, 2H), 1.831.81 (m, 4H),
1.62 —1.59 (m, 2H), 1.53 — 1.44 (m, 2H); Anal.d@dor G,H»sNO,: C, 59.05; H, 5.63; N, 28.17;
Found: C, 59.03; H, 5.61; N, 28.13.

5-cyclopentyl-7-((4-(cyclopentylamino) phenyl)amino)-[ 1,2,4] triazol o] 4,3-f] pteridin-4(5H)-one
(Hu)

Yield: 62.3%; m.p.: 291.2- 292.3 °C; MS (ESI)m/iz 429.5 [M-H]; 'H NMR (400 MHz,
DMSO-dg) 6 9.71 (s, 1H), 9.48 (s, 1H), 9.13 (s, 1H), 7.27)(¢,8.6 Hz, 2H), 6.55 (d] = 8.8 Hz,
2H), 5.72-5.68 (m, 1H), 5.38 (d] = 6.5 Hz, 1H), 3.71 — 3.64 (m, 1H), 2.3@.21 (m, 2H), 1.95
-1.87 (m, 4H), 1.83 - 1.76 (m, 2H), 1.71 — 1.63 2#), 1.58 — 1.51 (m, 4H), 1.461.39 (m, 2H);
Anal. Calcd for GH5¢NgO: C, 64.17; H, 6.09; N, 26.03; Found: C, 64.136H5; N, 26.01.
5-cyclopentyl-7-((4-(dimethylamino) phenyl)amino)-[ 1,2,4] triazol o] 4,3-f] pteridin-4(5H)-one (H1,)



Yield: 52.1%; m.p.: 311.2- 313.3 °C; MS (ES)m/z 389.5 [M-H]; 'H NMR (400 MHz,
DMSO-dg) 6 9.72 (s, 1H), 9.61 (s, 1H), 9.15 (s, 1H), 7.43)(¢,8.9 Hz, 2H), 6.74 (d] = 9.0 Hz,
2H), 5.75 - 5.71 (m, 1H), 2.87 (s, 6H), 2.39 — 220 2H), 1.96-1.89 (m, 2H), 1.86-1.78 (m,
2H), 1.62- 1.55 (m, 2H); Anal. Calcd for £gH,,NgO: C, 61.52; H, 5.68; N, 28.70; Found: C,
61.46; H, 5.62; N, 28.67.

5-cyclopentyl-7-((4-(4-cyclopentyl pi perazin- 1-yl ) phenyl )Jamino)-[ 1,2,4] triazol o[ 4,3-f] pteridin-4(5
H)-one (H1s)

Yield: 66.2%; m.p.: 334.1 335.9 °C; MS (ES)m/z 500.7 [M+H]; 'H NMR (400 MHz,
DMSO-dg) 8 9.72 (s, 2H), 9.17 (s, 1H), 7.48 (= 7.9 Hz, 2H), 6.92 (d] = 8.3 Hz, 2H), 5.78 — 5.70
(m, 1H), 3.08 (s, 4H), 2.55 (s, 4H), 2.29 — 2.2 2id), 1.96 — 1.88 (m, 2H), 1.68 — 1.76 (m, 4HB7L.
—1.57 (m, 4H), 1.53 — 1.48 (m, 2H), 1.41 — 1.31 2#d); Anal. Calcd for GH33NgO: C, 64.91; H,
6.66; N, 25.23; Found: C, 64.87; H, 6.62; N, 25.19.

5-cyclopentyl-7-((4-(4-cyclopentyl pi perazin- 1-yl ) phenyl )Jamino)-[ 1,2,4] triazol o[ 4,3-f] pteridin-4(5
H)-one (H14)

Yield: 57.8%; m.p.: 320.6- 322.1 °C; MS (ESI)m/z 529.7 [M+H]; *H NMR (400 MHz,
DMSO-dg) 6 9.73 (s, 1H), 9.70 (s, 1H), 9.17 (s, 1H), 7.46])(¢,8.9 Hz, 2H), 6.92 (d] = 9.0 Hz,
2H), 5.76 — 5.72 (m, 1H), 3.65 (@= 12.4 Hz, 2H), 3.51 (s, 1H), 2.62 Jt= 11.5 Hz, 2H), 2.35 —
2.21 (m, 7H), 2.14 (s, 3H), 2.641.78 (m, 8H), 1.64-1.57 (m, 2H), 1.54 — 1.45 (m, 3H); Anal.
Calcd for GgH3gN100: C, 63.61; H, 6.86; N, 26.50; Found: C, 63.58682; N, 26.48.
5-cyclopentyl-7-((4-mor pholinophenyl Jamino)tetrazol of 1,5-] pteridin-4(5H)-one (Y1)

Yield: 53.2%; m.p.: 303.% 306.2 °C;H NMR (400 MHz, DMSO#dg) & 10.05 (s, 1H), 9.29 (s,
1H), 7.52 (dJ = 8.4 Hz, 2H), 6.97 (d] = 8.9 Hz, 2H), 5.77 (s, 1H), 3.76 — 3.74 (m, 4Bip)8 —
3.07 (m, 4H), 2.29 — 2.21 (m, 2H), 2.60.92 (m, 2H), 1.88-1.82 (m, 2H), 1.6+ 1.57 (m, 2H);
Anal. Calcd for GiH»3NgO,: C, 58.19; H, 5.35; N, 29.08; Found: C, 58.165E80; N, 29.76.
5-cyclopentyl-7-((4-(4-methyl piperazin-1-yl)phenyl)amino)tetrazol o 1,5-f] pteridin-4(5H)-one (Y>)
Yield: 58.0%; m.p.: 311.2- 312.5 °C; MS (ESI)m/iz 445.4 [M-H]; '"H NMR (400 MHz,
DMSO-dg) 6 10.01 (s, 1H), 9.28 (s, 1H), 7.49 (ds 8.6 Hz, 2H), 6.95 (d] = 9.0 Hz, 2H), 5.76 (s,
1H), 3.12 — 3.09 (m, 4H), 2.48 — 2.44 (m, 4H), 222825 (m, 2H), 2.22 (s, 3H), 1.991.90 (m,
2H), 1.86 — 1.81 (m, 2H), 1.65 — 1.57 (m, 2H); Ar@lcd for GHoeN1O: C, 59.18; H, 5.87; N,
31.37. Found: C, 59.14; H, 5.82; N, 31.35.

5-cyclopentyl-7-((4-(4-ethyl piperazin-1-yl ) phenyl)Jamino)tetrazol of 1,5-f] pteridin-4(5H)-one (Y3)
Yield: 58.0%; m.p.: 324.8325.9 °C; MS (ESIjw/z. 459.6 [M-HJ; *H NMR (400 MHz, DMSQdy)

8 10.00 (s, 1H), 9.27 (s, 1H), 7.49 @M= 8.4 Hz, 2H), 6.95 (dJ = 9.0 Hz, 2H), 5.76 (s, 1H), 3.12 —
3.09 (m, 4H), 2.37 (q] = 7.1 Hz, 2H), 2.28 — 2.20 (m, 2H), 1.98 — 1.81 4id), 1.64 — 1.58 (m, 2H),
1.04 (t,J = 7.2 Hz, 3H);Anal. Calcd for GH,gN1oO: C, 59.18; H, 5.87; N, 31.37, Found: C, 59.14;
H, 5.82; N, 31.35.

5-cyclopentyl-7-((4-(pi peridin-1-yl)phenyl)Jamino)tetrazol o] 1,5-f] pteridin-4(5H)-one (Y,)

Yield: 61.2%; m.p.: 304.4305.9 °C;H NMR (400 MHz, DMSOdj) § 9.98 (s, 1H), 9.27 (s, 1H),
7.47 (d,J = 8.6 Hz, 2H), 6.94 (d] = 9.0 Hz, 2H), 5.75 (s, 1H), 3.10 — 3.08 (m, 4R{p9 — 2.21
(m, 2H), 1.96- 1.81 (m, 4H), 1.66- 1.60 (m, 6H), 1.55 — 1.53 (m, 2H); Anal. Calcd for
CyoH2sNgO: C, 61.24; H, 5.84; N, 29.21; Found: C, 61.215K1; N, 29.16.
5-cyclopentyl-7-((4-(4-methyl piperidin-1-yl) phenyl)amino)tetrazol o 1,5-f] pteridin-4(5H)-one (Ys)
Yield: 56.7%; m.p.: 250.+ 252.3 °C; MS (ES)m/z 468.4 [M+Na]; *H NMR (400 MHz,
DMSO-dg) 6 9.98 (s, 1H), 9.27 (s, 1H), 7.47 (0= 8.5 Hz, 2H), 6.94 (d] = 9.0 Hz, 2H), 5.76 (s,



1H), 3.62 (dJ = 12.2 Hz, 2H), 2.62 (dd, = 12.2, 10.0 Hz, 2H), 2.292.21 (m, 2H), 1.9+ 1.84
(m, 4H), 1.71-1.67 (m, 2H), 1.62 1.60 (m, 2H), 1.51 — 1.46 (m, 1H), 1.29 — 1.23 2id), 0.94
(d, J = 6.5 Hz, 3H); Anal. Calcd for £H,,NgO: C, 62.01; H, 6.11; N, 28.30; Found: C, 61.93; H,
6.07; N, 28.29.

5-cyclopentyl-7-((4-(pyrrolidin-1-yl)phenyl)amino)tetrazol o 1,5-f] pteridin-4(5H)-one (Yg)

Yield: 65.2%; m.p.: 288.7290.9 °C;*H NMR (600 MHz, DMSO) 9.99 (s, 1H), 9.28 (s, 1H), 7.47
(d,J = 7.2 Hz, 2H), 6.94 (d] = 8.9 Hz, 2H), 5.81 — 5.69 (m, 1H), 3.11 — 3.08 4id), 2.28 — 2.22 (m,
2H), 1.85 (s, 2H), 1.65 — 1.58 (m, 6H), 1.55 — 1%L 2H); Anal. Calcd for GiH»3aNO: C, 60.42; H,
5.55; N, 30.20; Found: C, 60.40; H, 5.51; N, 30.17.

5-cyclopentyl-7-((4-(3,5-dimethyl pi per azin- 1-yl) phenyl)amino)tetrazol of 1,5-f] pteridin-4(5H)-one

(Y7)

Yield: 66.0%; m.p.: 297.4- 298.1 °C; MS (ES)m/z 461.5 [M+H]; *H NMR (400 MHz,
DMSO-dg) 6 9.99 (s, 1H), 9.28 (s, 1H), 7.48 (b= 8.4 Hz, 2H), 6.94 (d] = 9.0 Hz, 2H), 5.76 (s,
1H), 3.49 (dJ = 9.6 Hz, 2H), 2.89 — 2.84 (m, 2H), 2.22.20 (m, 2H), 2.10 (fJ = 10.9 Hz, 2H),
1.94 — 1.81 (m, 4H), 1.641.59 (m, 2H), 1.03 (d] = 6.3 Hz, 6H)**C NMR (101 MHz, DMSO%
159.11, 152.63, 149.67, 148.03, 147.74, 147.69,384330.93, 122.34, 116.11, 56.03, 50.61, 40.63,
40.42, 40.21, 40.00, 39.79, 39.58, 39.37, 29.48&5.62, 19.79Anal. Calcd for GH»gN1o0: C,
59.98; H, 6.13; N, 30.41; Found: C, 59.96; H, 6/4030.38.

5-cyclopentyl-7-((4-(3,5-dimethyl pi per azin- 1-yl) phenyl)amino)tetrazol of 1,5-f] pteridin-4(5H)-one

(Ys)

Yield: 43.9%; m.p.: 296.1- 297.4 °C; MS (ES)m/z 448.5 [M-HJ; '"H NMR (400 MHz,
DMSO-dg) 6 10.01 (s, 1H), 9.28 (s, 1H), 7.50 0+ 8.5 Hz, 2H)6.95 (d,J = 8.9 Hz, 2H)5.76 (s,
1H), 3.48 — 3.46 (m, 4H), 2.71 — 2.67 (m, 4H), 229.21 (m, 2H), 2.00 — 1.84 (m, 4H), 1.66 —
1.57 (m, 2H); Anal. Calcd for £H,3NgOS: C, 56.11; H, 5.16; N, 28.04; Found: C, 56.085H4;
N, 28.03

5-cyclopentyl-7-((4-(4-(2-hydroxyethyl) pi perazin-1-yl) phenyl )amino)tetrazol of 1,5-f] pteridin-4(5H
)-one (Yo)

Yield: 42.1%; m.p.: 344.6 — 345.6 °C; MS (EStyz 475.6 [M-H]; '"H NMR (400 MHz,
DMSO-dg) 6 9.99 (s, 1H), 9.27 (s, 1H), 7.49 (M= 8.5 Hz, 2H), 6.94 (d] = 9.0 Hz, 2H), 5.75 (s,
1H), 4.42 (s, 1H), 3.553.50 (m, 2H), 3.11 — 3.09 (m, 4H), 2.57 — 2.55 4id), 2.44 (tJ = 6.2
Hz, 2H), 2.30 — 2.21 (m, 2H), 1.991.81 (m, 4H), 1.66 — 1.56 (m, 2H); Anal. Calcd for
Cy3H2eN100,: C, 57.97; H, 5.92; N, 29.39; Found: C, 57.955H89; N, 29.34
5-cyclopentyl-7-((4-(4-hydroxypi peridin-1-yl ) phenyl)Jamino)tetrazol of 1,5-f] pteridin-4(5H)-one

(Y10)

Yield: 48.9%; m.p.: 312.5 — 313.8 °C; MS (ESt)yz 448.2 [M+H], '"H NMR (400 MHz,
DMSO-dg) 8 9.98 (s, 1H), 9.27 (s, 1H), 7.47 (®= 8.7 Hz, 2H), 6.95 (d] = 9.0 Hz, 2H), 5.75 (s, 1H),
4.66 (d,J = 3.7 Hz, 1H), 3.62 (s, 1H), 3.51 (s, 2H), 2.83.78 (m, 2H), 2.28 — 2.20 (m, 2H), 2.00 —
1.78 (m, 2H), 1.83 — 1.78 (m, 4H), 1.65 — 1.57 @hl), 1.53 — 1.45 (m, 2H)Anal. Calcd for
Co1H24N100;: C, 56.24; H, 5.39; N, 31.23; Found: C, 56.205t36; N, 31.19
5-cyclopentyl-7-((4-(cyclopentylamino) phenyl)amino)tetrazol of 1,5-f] pteridin-4(5H)-one (Y1)

Yield: 37.6%; m.p.: 324.4 — 325.1 °C; MS (EStyz 430.3 [M-H]; '"H NMR (400 MHz,
DMSO-dg) 6 9.79 (s, 1H), 9.22 (s, 1H), 7.28 (0= 8.1 Hz, 2H), 6.57 (d] = 8.7 Hz, 2H), 5.75 (s,
1H), 5.45 (dJ = 5.6 Hz, 1H), 3.7+2.67 (m, 1H), 2.29 — 2.22 (m, 2H), 1.94 — 1.82 i), 1.68
—1.62 (m, 2H), 1.59 — 1.53 (m, 4H), 1.47 — 1.41 ZM); Anal. Calcd for gH,sNO: C, 61.24; H,



5.84; N, 29.21; Found: C, 61.21; H, 5.80; N, 29.19.

5-cyclopentyl-7-((4-(dimethylamino) phenyl)amino)tetrazol of 1,5-f] pteridin-4(5H)-one (Y1,)

Yield: 52.3%; m.p.: 295.7 — 296.8 °C; MS (EStyz 392.4 [M+H]; 'H NMR (400 MHz,
DMSO-dg) 6 9.91 (s, 1H), 9.25 (s, 1H), 7.44 M= 8.7 Hz, 2H), 6.75 (d] = 9.0 Hz, 2H), 5.7#
5.70 (m, 1H), 2.88 (s, 6H), 2.29 — 2.20 (m, 2HY92- 1.91 (m, 2H), 1.85 — 1.81 (m, 2H), 163
1.57 (m, 2H); Anal. Calcd for {gH,;NgO: C, 58.30; H, 5.41; N, 32.21; Found: C, 58.255t86;
N, 32.19.

5-cyclopentyl-7-((4-(4-cycl opentyl pi perazin- 1-yl ) phenyl)Jamino)tetrazol o 1,5-f] pteridin-4(5H)-one
(Y13)

Yield: 55.6%; m.p.:298.4 — 299.1 °C; MS (EStyz 501.7 [M+HJ; *H NMR (400 MHz,
DMSO-dg) 6 9.99 (s, 1H), 9.27 (s, 1H), 7.49 s 8.4 Hz, 2H), 6.94 (d] = 8.9 Hz, 2H), 5.75 (s,
1H), 3.51 (s, 1H), 3.1£ 3.09 (m, 4H), 2.572.55 (m, 4H), 2.30 — 2.21 (m, 2H), 2.60.92 (m,
2H), 1.83 — 1.78 (m, 4H), 1.661.59 (m, 4H), 1.56 — 1.50 (m, 2H), 1.4A.32 (m, 2H); Anal.
Calcd for GeH3aN1¢O: C, 62.38; H, 6.44; N, 27.98; Found: C, 62.356H1; N, 27.95
5-cyclopentyl-7-((4-(4-(4-methyl pi perazin-1-yl) piperidin-1-yl) phenyl)amino)tetrazol o] 1,5-f] pterid
in-4(5H)-one (Y14)

Yield: 61.3%; m.p.: 302.1 — 303.8 °C; MS (EStyz 530.7 [M+H]; 'H NMR (400 MHz,
DMSO-dg) 8 9.99 (s, 1H), 9.27 (s, 1H), 7.47 = 8.4 Hz, 2H), 6.95 (d] = 9.0 Hz, 2H), 5.76 (s,
1H), 3.67 (dJ = 12.1 Hz, 2H), 3.51 (s, 1H), 2.63 JtF 11.3 Hz, 2H), 2.36 — 2.21 (m, 7H), 2.14 (s,
3H), 2.00-1.79 (m, 8H), 1.66-1.57 (s, 2H), 1.54 — 1.45 (m, 3H); Anal. Calcd ®¥rH35N1,0: C,
61.23; H, 6.66; N, 29.09; Found: C, 61.20; H, 6/6329.01

5-cyclopentyl-1-methyl-7-((4-mor pholinophenyl)amino)-[ 1,2,4] triazol of 4,3-f] pteridin-4(5H)-one
(Lo

Yield: 49.8%; m.p.: 306.2- 304.9 °C; MS (ESI)mz 447.7 [M+H]; *H NMR (400 MHz,
DMSO-dg) 6 9.70 (s, 1H), 8.98 (s, 1H), 7.53 M= 8.8 Hz, 2H), 6.93 (d] = 9.0 Hz, 2H), 5.79 —
5.74 (m, 1H), 3.76 — 3.73 (m, 4H), 3.07 — 3.05 4id), 2.92 (s, 3H), 2.292.20 (m, 2H), 1.99-
1.91 (m, 2H), 1.88 — 1.80 (m, 2H), 1.64 — 1.57 2id); Anal. Calcd for GzH»eNgO,: C, 61.87; H,
5.87; N, 25.10; Found: C, 61.84; H, 5.82; N, 25.07.

5-cyclopentyl-1-methyl-7-((4-(4-methyl pi per azin-1-yl ) phenyl)amino)-[ 1,2,4] triazol o 4,3-f] pteridi
n-4(5H)-one (L)

Yield: 56.4%; m.p.: 296.6- 297.3 °C; MS (ESI)m/z460.6 [M+H]; 'H NMR (400 MHz,
DMSO-dg) 6 9.67 (s, 1H), 8.98 (s, 1H), 7.50 = 8.7 Hz, 2H), 6.92 (d] = 9.0 Hz, 2H), 5.79 —
5.74 (m, 1H), 3.09 — 3.07 (m, 4H), 2.92 (s, 3H}72- 2.44 (m, 4H), 2.282.24 (m, 2H), 2.22 (s,
3H), 1.98-1.91 (m, 2H), 1.87 — 1.80 (m, 2H), 1.64.56 (m, 2H); Anal. Calcd for £H,gNgO: C,
62.73; H, 6.36; N, 27.43; Found: C, 62.69; H, 618,127.40.

5-cyclopentyl-7-((4-(4-ethyl piperazin-1-yl ) phenyl)Jamino)- 1-methyl-[ 1,2,4] triazol o 4,3-f] pteridin-
4(5H)-one (L)

Yield: 53.0%; m.p.: 299.6- 302.2 °C; MS (ESm/z 474.7 [M+H]; 'H NMR (400 MHz,
DMSO-dg) 6 9.68 (s, 1H), 8.97 (s, 1H), 7.50 = 8.7 Hz, 2H), 6.92 (d] = 9.0 Hz, 2H), 5.78 —
5.75 (m, 1H), 3.10 — 3.08 (m, 4H), 2.92 (s, 3H372(q,J = 7.1 Hz, 2H), 2.28 2.20 (m, 2H), 1.98
—-1.89 (m, 2H), 1.871.79 (m, 2H), 1.641.56 (m, 2H), 1.03 (tJ = 7.2 Hz, 3H)*C NMR (101
MHz, DMSO-dg) 5 157.48, 153.26, 149.43, 148.66, 147.54, 146.78,6B4 131.86, 121.81, 116.13,
110.19, 53.89, 52.84, 52.11, 49.27, 40.61, 40.8(0,%4 39.98, 39.78, 39.57, 39.36, 28.14, 25.525.4.
12.45; Anal. Calcd for GsH31NgO: C, 63.40; H, 6.60; N, 26.62; Found: C, 63.37;68:58; N,



26.59.

5-cyclopentyl-1-methyl-7-((4-(pi peridin-1-yl) phenyl)amino)-[ 1,2,4] triazol o 4,3-f] pteridin-4(5H)-o

ne (La)

Yield: 62.4%; m.p.: 325.8 327.9 °C; MS (ES)m/z 445.6 [M+H]; '"H NMR (400 MHz,
DMSO-dg) 8 9.66 (s, 1H), 8.97 (s, 1H), 7.48 (= 8.8 Hz, 2H), 6.91 (d] = 9.0 Hz, 2H), 5.87 — 5.64
(m, 1H), 3.13 — 3.02 (m, 4H), 2.92 (s, 3H), 2.28.19 (m, 2H), 1.93 (s, 2H), 1.89 — 1.78 (m, 2H6L.
— 1.58 (m, 6H), 1.55 — 1.50 (m, 2H&nal. Calcd for GsH2gNgO: C, 64.85; H, 6.35; N, 25.21;
Found: C, 64.83; H, 6.33; N, 25.19.

5-cyclopentyl-1-methyl-7-((4-(4-methyl piperidin-1-yl)phenyl)amino)-[ 1,2,4] triazol o[ 4,3-f] pteridin
-4(5H)-one (Ls)

Yield: 67.8%; m.p.: 308.%Z 309.6 °C; MS (ES)m/z 457.6 [M-H]; '"H NMR (400 MHz,
DMSO-dg) 6 9.66 (s, 1H), 8.97 (s, 1H), 7.47 = 8.7 Hz, 2H), 6.91 (d] = 9.0 Hz, 2H), 5.77 —
5.74 (m, 1H),3.59 (d,J = 12.2 Hz, 2H), 2.92 (s, 3H), 2.60 {t= 11.2 Hz, 2H), 2.29 — 2.20 (m, 2H),
1.93 (s, 2H), 1.86 — 1.80 (m, 2H), 1.69 Jd 12.3 Hz, 2H), 1.61 — 1.57 (m, 2H), 1.52 — 1.4% {H),
1.28 — 1.23 (m, 2H), 0.94 (d,= 6.5 Hz, 3H) Anal. Calcd for GsH;NgO: C, 65.48; H, 6.59; N,
24.44; Found: C, 65.46; H, 6.57; N, 24.42.
5-cyclopentyl-1-methyl-7-((4-(pyrrolidin-1-yl)phenyl)Jamino)-[ 1,2,4] triazol o 4,3-f] pteridin-4(5H)-

one (Lg)

Yield: 55.7%; m.p.: 315.4 316.8 °C; MS (ES)m/z. 431.5 [M+H]; '"H NMR (400 MHz,
DMSO-dg) & 9.54 (s, 1H), 8.94 (s, 1H), 7.41 (= 8.4 Hz, 2H), 6.52 (d] = 8.7 Hz, 2H), 5.79 — 5.72
(m, 1H), 3.21-3.19 (m, 4H), 2.91 (s, 3H), 2.28 £&(m, 2H), 1.99 — 1.88 (m, 6H), 1.85 — 1.77 (m),2H
1.62 — 1.54 (m, 2H).Anal. Calcd for GH»¢NgO: C, 64.17; H, 6.09; N, 26.03; Found: C, 64.15; H,
6.08; N, 26.01.

5-cyclopentyl-7-((4-(3,5-dimethyl pi per azin-1-yl ) phenyl )Jamino)-1-methyl-[ 1,2,4] triazol o[ 4,3-f] pter
idin-4(5H)-one (L ;)

Yield: 53.2%; m.p.: 280.4- 282.1 °C; MS (ES)mz 474.5 [M+H]; *H NMR (400 MHz,
DMSO-dg) 6 9.64 (s, 1H), 8.97 (s, 1H), 7.48 M= 8.7 Hz, 2H), 6.90 (d] = 8.9 Hz, 2H), 5.78 —
5.74 (m, 1H), 3.46 (d) = 9.6 Hz, 2H), 2.92 (s, 3H), 2.88 — 2.83 (m, 2BIR6 — 2.19 (m, 2H),
2.08 (t,J=10.8 Hz, 2H), 1.961.89 (m, 2H), 1.87 — 1.79 (m, 2H), 1.64 — 1.56 2i#), 1.02 (dJ
=6.2 Hz, 6H),13C NMR (101 MHz, DMSO)» 157.51, 153.27, 149.43, 148.65, 147.68, 146.78.674
131.58, 121.88, 116.15, 110.15, 56.31, 53.87, 5016163, 40.42, 40.22, 40.01, 39.80, 39.59, 39.38,
28.17, 25.63, 19.91, 14.2%nal. Calcd for GsH31NgO: C, 63.40; H, 6.60; N, 26.62; Found: C,
63.38; H, 6.57; N, 26.56.

5-cyclopentyl-1-methyl-7-((4-thiomor pholinophenyl)amino)-[ 1,2,4] triazol o 4,3-f] pteridin-4(5H)-o

ne (Lg)

Yield: 64.3%; m.p.: 312.6- 314.6 °C; MS (ES)m/z 461.6 [M-H]; '"H NMR (400 MHz,
DMSO-dg) 6 9.68 (s, 1H), 8.98 (s, 1H), 7.51 = 8.8 Hz, 2H), 6.92 (d] = 9.0 Hz, 2H), 5.79
5.74 (m, 1H), 3.45 — 3.43 (m, 4H), 2.92 (s, 3HJ 2= 2.68 (m, 4H), 2.27 — 2.21 (m, 2H), 1.93 (s,
2H), 1.85 -1.83 (m, 2H), 1.62 — 1.59 (m, 2H); Ar@hlcd for GsH,eNgOS: C, 59.72; H, 5.67; N,
24.22: Found: C, 59.69; H, 5.62; N, 24.18.

5-cyclopentyl-7-((4-(4-(2-hydroxyethyl) pi perazn-1-yl ) phenyl Jamino)-1-methyl-[ 1,2,4] triazol o] 4,3

-f] pteridin-4(5H)-one (L)

Yield: 58.5%; m.p.: 288.4- 289.9 °C; MS (ES)m/z 490.7 [M+HJ; *H NMR (400 MHz,
DMSO-dg) 6 9.66 (s, 1H), 8.97 (s, 1H), 7.49 = 8.8 Hz, 2H), 6.91 (d] = 9.0 Hz, 2H), 5.81 —



5.71 (m, 1H), 4.41 (s, 1H), 3.573.51 (s, 2H), 3.09 — 3.07 (m, 4H), 2.92 (s, 3H»72- 2.55 (m,
4H), 2.44 (tJ = 6.2 Hz, 2H), 2.28 2.20 (m, 2H), 1.95-1.89 (m, 2H), 1.87 — 1.81 (m, 2H), 1.64 —
1.56 (m, 2H); Anal. Calcd for H3:NgO,: C, 61.33; H, 6.38; N, 25.75; Found: C, 61.296t85;

N, 25.66.

5-cyclopentyl-7-((4-(4-hydroxypiperidin-1-yl) phenyl Jamino)- 1-methyl-[ 1,2 4] triazol o[ 4,3-f] pteridi
n-4(5H)-one (L 10)

Yield: 56.1%; m.p.: 321.2- 323.8 °C; MS (ES)m/z 461.5 [M+H]; *H NMR (400 MHz,
DMSO-dg) 6 9.65 (s, 1H), 8.97 (s, 1H), 7.48 (M= 8.8 Hz, 2H), 6.92 (d] = 9.0 Hz, 2H), 5.78 —
5.74 (m, 1H), 4.65 (d] = 4.1 Hz, 1H), 3.62 3.58 (m, 1H), 3.51-3.44 (m, 2H), 2.92 (s, 3H), 2.82
—2.73 (m, 2H), 2.28-2.20 (m, 2H), 1.93 (s, 2HB41L-1.81 (m, 4H), 1.61 — 1.59 (m, 2H), 1.52 —
1.44 (m, 2H); Anal. Calcd for GH,7NgO,: C, 59.86; H, 5.90; N, 27.31; Found: C, 59.82587;

N, 27.26.

5-cyclopentyl-7-((4-(cyclopentylamino) phenyl)amino)-1-methyl-[ 1,2,4] triazol o] 4,3-f] pteridin-4(5
H)-one (L 1)

Yield: 49.2%; m.p.: 312.6314.2°C; MS (ESIyWz: 443.6 [M-HJ; '"H NMR (400 MHz, DMSOds)

6 9.45 (s, 1H), 8.93 (s, 1H), 7.28 (b 8.5 Hz, 2H), 6.55 (d] = 8.8 Hz, 2H), 5.73 (s, 1H), 5.38 (d,
J=6.5Hz, 1H), 3.68 (ddl = 11.8, 5.6 Hz, 1H), 2.91 (s, 3H), 2.22.21 (m, 2H), 1.92.1.87 (m,
4H), 1.84-1.77 (m, 2H), 1.69-1.63 (m, 2H), 1.58-1.56 (m, 4H), 1.46-1.41 (m, 2H); Anal.
Calcd for G4H2gNgO: C, 64.85; H, 6.35; N, 25.21; Found: C, 64.836130; N, 25.18.
5-cyclopentyl-7-((4-(dimethylamino) phenyl)amino)- 1-methyl-[ 1,2,4] triazol o[ 4,3-f] pteridin-4(5H)-

one (L)

Yield: 64.3%; m.p.: 337.2338.9 °C; MS (ESIjwWz 403.5 [M-H]; 'H NMR (400 MHz,DMSO-dg)
89.79 — 9.36 (m, 1H), 8.96 (s, 1H), 7.45 Jck 8.8 Hz, 2H), 6.73 (d] = 9.1 Hz, 2H), 5.82 — 5.71 (m,
1H), 2.92 (s, 3H), 2.87 (s, 6H), 2.28 — 2.20 (m),2H96 — 1.89 (m, 2H), 1.86 — 1.78 (m, 2H), 1.62 —
1.55 (m, 2H) Anal. Calcd for GH,/NgO: C, 62.36; H, 5.98; N, 27.70; Found: C, 62.345193;

N, 27.65.

5-cyclopentyl-7-((4-(4-cyclopentyl pi per azin- 1-yl ) phenyl)Jamino)-1-methyl-[ 1,2,4] triazol o] 4,3-f] pte
ridin-4(5H)-one (L 13)

Yield: 67.8%; m.p.: 331.4- 334.6 °C; MS (ES)m/z 514.7 [M+HJ; *H NMR (400 MHz,
DMSO-dg) 6 9.67 (s, 1H), 8.97 (s, 1H), 7.50 (#s= 8.8 Hz, 2H), 6.91 (d] = 9.0 Hz, 2H), 5.8%
5.73 (m, 1H), 3.09 — 3.07 (m, 4H), 2.92 (s, 3H}62= 2.54 (m, 4H), 2.28 — 2.20 (m, 2H), 1.93 (s,
2H), 1.86—1.78 (m, 4H), 1.65 — 1.56 (m, 4H), 1.53 — 1.50 2#), 1.40-1.33 (m, 2H); Anal.
Calcd for GgH3sNgO: C, 65.47; H, 6.87; N, 24.54; Found: C, 65.426186; N, 24.51.
5-cyclopentyl-1-methyl-7-((4-(4-(4-methyl pi perazin-1-yl) piperidin-1-yl ) phenyl Jamino)-[ 1,2,4] triaz

olo[ 4,3-f] pteridin-4(5H)-one (L 14)

Yield: 57.4%; m.p.: 327.9- 329.5 °C; MS (ESm/z 543.8 [M+H]; 'H NMR (400 MHz,
DMSO-dg) 6 9.67 (s, 1H), 8.97 (s, 1H), 7.50 (H5= 8.8 Hz, 2H), 6.91 (d] = 9.0 Hz, 2H), 5.86-
5.72 (m, 1H),5 3.65 (d,J = 11.4 Hz, 1H) 3.51 (s, 1H), 2.92 (s, 3H), 2.64 — 2.59 (m, 2HR5 —
2.20 (m, 7H), 2.14 (s, 3H), 1.991.78 (m, 8H), 1.64 — 1.57 (m, 2H), 1.55 — 1.43 8id); Anal.
Calcd for GgH3zgN1¢O: C, 64.18; H, 7.06; N, 25.81; Found: C, 64.137H2; N, 25.77.

4.15

N-(5-cyclopentyl-1-methyl-4-oxo-4,5-dihydro-[ 1,2,4] triazol of 4,3-f] pteridin-7-yl)-N-(4-(4-ethylpip
erazin-1-yl)phenyl)acetamide (L 15)

The compound.; (0.5 g, 0.9 mmol) was taken into acetic anhydeddd stirred at 100 °C for 4 h.



The reaction mixture was cooled to room temperatanel the crude product was filtered. The
pure product ;5 was obtained by flash column chromatography udingloromethane/methanol
as eluent.

Yield: 60.0%; m.p.: 331.2- 333.6 °C; MS (ESI)m/z 516.3 [M+H]; '"H NMR (600 MHz,
DMSO-dg) 8 9.25 (s, 1H), 7.10 (dl = 8.8 Hz, 2H), 6.98 (d] = 8.8 Hz, 2H), 5.54 — 5.48 (m, 1H), 3.16
—3.15 (m, 4H), 2.95 (s, 3H), 2.36 (= 7.1 Hz, 2H), 2.27 (s, 3H), 2.11 — 2.05 (m, 2HR1 — 1.75 (m,
2H), 1.71 (s, 2H), 1.55 — 1.49 (m, 2H), 1.03)t 7.2 Hz, 3H).Anal. Calcd for GH33NgO,: C,
62.89; H, 6.45; N, 24.45; Found: C, 62.77; H, 618524.23.

4.2 Biological section

4.2. 1MTT assay

MTT assay was carried out on A549, PC-3, HCT116AWIC MDA-MB321 cells to evaluate
antiproliferative activity of the target compounde cancer cell lines were cultured in minimum
essential medium (MEM) supplement with 10% foetalibe serum (FBS).

Approximate 5x18 cells, suspended in MEM medium, were plated in6av@ll plate and
incubated in 5% C@at 37 °C for 24 h. The tested compounds were atllléfte culture medium
and the cell cultures were incubated for anotheh.72he cells were incubated at 37 °C for 4 h
with 10 uL of 5 mg/mL MTT solution. The formazan crystalséach well were dissolved in 100
uL dimethyl sulfoxide, and their absorbance were sneed at 492 nm (absorbance of MTT
formazan) and 630 nm (reference wave length) witHERISA reader. The results, expressed as
ICso, are averages of at least three determinationscatwllated using the Bacus Laboratories
Incorporated Slide Scanner (Bliss) software.
4.2.2In vitro enzyme assay

Enzymatic activity assay against CDK6 (Carna) ah#&1P(Millipore) was carried out by a
well-established mobility shift assay. The kinaseseé buffer was consist of 20 mM HEPES (pH
7.5), 0.01% Triton X-100, 10 mM Mggland 2 mM DTT. The stop buffer contained a mixtofe
100 mM HEPES (pH 7.5), 0.015% Brij-35, 0.2% Coatrepgent and 50 mM EDTA.

Initially, the tested compounds were diluted tof&ld+ of the desired highest concentration in
reaction by 100% DMSO. The tested compound diluf®D ul) was transfered into a well in
96-well plate. Then, the controls were formed byiag 100uL of 100% DMSO to two empty
wells, which was marked as source plate. The irgdiate plate was prepared by transferring 10
uL of compound from source plate to a new 96-wedtel In the intermediate plate, additional 90
uL of kinase buffer was added to each well. Therinegliate plate was swayed for 10 min. Then,
transferring uL of each well from the 96-well intermediate plédea 384-well plate in duplicates
as the assay plate. In the each well of 384-wdhwaslate, the prepared enzyme solution
(appropriate kinase in kinase base buffer) was é&ddbe platewas then incubated at room
temperature for 10 min. After that, the addition l10of prepared peptide solution (FAM-labeled
peptide and ATP in kinase base buffer) was addbd. semple was incubated at 28 °C for 1 h,
then 25uL of stop buffer was added. The conversion datacegéed from Caliper program, and
the values were converted to inhibition values.ceat inhibition = (max - conversion)/ (max -
min) x 100.
4.2.3Morphology assays of apoptotic cells

Apoptotic morphological changes of A549 cells weletected by AO/EB staining. Briefly,
A549 cells were seeded in six-well plates (5%d@ll) and then treated with different
concentrations of ;7 andL - for 24 h. The cells were washed with phosphatéebsiline (PBS)



and then stained with AO/EB mixed solution (AO: ER.: 1) for 15 min. The stained cells were
washed twice with PBS and observed by fluoresceariceoscope (Olympus, Tokyo, Japan).
4.2.4Cell migration assay

Cell migration assay were carried out using wouedlihg assay. A549 cells were seeded in
six-well plates (5x18well) and were allowed to grow to 100% confluen&dinear wound was
made by a pipet tips across the confluent cellrla§®49 cells were washed twice with PBS, and
then incubated with culture medium containing DM&Cdifferent concentrations of compound
L,. After treatment for 12, 24 and 36 h, the imagegsemaken by fluorescence microscope
(Olympus, Tokyo, Japan).
4.2.5Cédll cycle distribution analysis

The effects of compounid;on cell cycle progression were confirmed by a stathgbropidium
iodide (PI) staining procedure followed by flow egtetry analysis. Briefly, A549 cells were
seeded in six-well plates (5X1@ell) and then treated with different concentrasiofL ; for 24 h.
The cells were collected and washed twice withciolel PBS, then immobilized in 70% ice cold
ethanol overnight at 4 °C. The cells were washeginay PBS, and then the cell DNA was
stained with PI (5Qug/mL) for 10 min. FL-2 signal was acquired and gsedl using a flow
cytometer.
4.3 Molecular docking

Structural alignment was accomplished through tres§et Forge v10.4.1. The CDK6 or PLK1
models was built using PDB code: 5L2I and PDB cdfeC2 as templates, respectively. The
protein coordinates were downloaded from the Pnddeita Bank (http://www.rcsb.org/pdb/). And
palbociclib (PDB code: 5L2I), BI6727 (PDB code: 35Gre regarded as reference molecules for
the computation of field points and alignment. TMES conformations of the molecules in
training set were generated by being aligned orréference molecule. After the conformations
were obtained, the highest structural arrangenearesvas recommended as the best alignment.
Molecular field points are computed for the testafenolecules, together with the molecular field
points of the training set structure were reveatetle the best alignment with the template field
points. The analysis of results implemented onadisty studio visualizer software [33].
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Highlights

1. Two series of novel pteridinone derivatives were designed and synthesized in this study.

2. Invitro antiproliferative activity screening and SARs study for all the targeted compounds.
3. The PLK1 was likely to be one of the drug targets of compound L ;.

4. Compound L ; could induce apoptosis by the wound-healing and AO/EB assays.

5. Compound L ; effectively arrested A549 cellsin G1 stage through flow cytometry.



