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Highlights
® Fifty-five piperidinol derivatives were synthesized and biologically eval uated.

® Compound L55 exhibited potent USP7 inhibitory activity (1Cso = 40.8 nM).



® X-ray crystallographic studies revealed a new pose for L55 to bind to USP7.

® |55 downregulated MDM2 and DNMT1 and upregulated p53 and p21 in R$4;11
cells.

® LNCaP (ICs = 29.6 nM) and R%; 11 (ICso = 41.6 nM) were highly sensitive to
L55.

Abstract

USP7 as a deubiquitinase plays important roleggulating the stability of some
oncoproteins including MDM2 and DNMT1, and thus resents a potential
anticancer target. Through comparative analysidJ8P7 co-crystal structures in
complex with the reported piperidinol inhibitorsewoticed that the USP7 Phe409
sub-site might have good adaptability to the liganBlased on this observation, 55
N-aromatic and N-benzyl piperidinol derivatives wedesigned, synthesized and
biologically evaluated, among which compouh85 was identified as a highly
selective and potent USP7 inhibitor G- 40.8 nM, Ik = 78.3 nM). X-ray
crystallographic studies revealed th&5 bound to USP7 with a new pose that was
very different from the previously reported inhdy#. The results of cellular assays
showed that.55 had strong antitumor activity against LNCaPs(€ 29.6 nM) and
RS4;11 (1Go = 41.6 nM) cells, probably through inducing cedlath and restricting
GO0/G1 and S phases. Moreovies5 dose-dependently reduced the protein levels of
MDM2 and DNMT1 and increased the protein levelp®8 and p21. These findings
could have valuable implications for designing Hoswuctural classes of USP7

inhibitors.
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1. INTRODUCTION

The ubiquitin—proteasome system (UPS) is critioainaintain protein homeostasis



in the human body. With ubiquitin (a highly conssiv76-amino-acid polypeptide)
linked to or removed from target proteills the fates of these proteins can be
regulated in many aspects, such as cellular Ictadiz, physiological functions and
protein stability?. Not surprisingly, abnormal modulation of the URSclosely
correlated to various diseasesg(, cancer®, infection”, and neurodegeneraticih
Therefore, pharmacological interference of UPS as@nts a promising therapeutic
approach to diseases such as cancer, as evidendbd Approval of the proteasome
inhibitor bortezomib for the treatment of multiplmyeloma and mantle cell
lymphoma®. As an important component of the UPS, deubigaiiity enzymes play a
key role in maintaining the normal functions of th#®S “*° Ubiquitin-specific
proteases (USP) constitute the largest family afbaguitinating enzymes, among
which ubiquitin-specific protease 7 (USP7, also wnoas HAUSP) has been
extensively investigated as a potential targetdancer treatment. Notably, USP7
deubiquitinates and stabilizes MDM2, leading tordased stability of the tumor
suppressor p53-*2 Inhibition of USP7 has been shown to increasegiBility, thus
promoting cancer cell apoptosis* In addition, USP7 deubiquitinates many other
proteins, including DNMT1*, N-Myc ' and Tip60!" *® among others. Thus,
inhibition of USP7 can also induce anti-tumor effeio a p53-independent manriér
Early efforts by other research groups identifiedesal classes of USP7 inhibitors,
including HBX41108 HBX19818 and P5091 (Fig. 1) ?°?? but the potency and
selectivity of theses inhibitors were poor. Reogrdlseries of piperidinol derivatives
(Fig. 1: FT671, FT827, CP4, CP5) were identified as potent and highly selective
USP7 inhibitors’>?® and facile semi-synthetic methods were estatdisheproduce
key probe reagents for exploring deubiquitinaséviagt®” 2 X-ray crystallographic
studies revealed that the piperidinol and pyrim&esobunits iFT671 andCP5 were
two key pharmacophores with important hydrogen bamdractions with USP7
Asp295, Val296, GIn297 and Phe409, respectieff. In particular, we noticed that
the Phe409 sub-site of USP7 showed a great addptithe ligands, which could be

used for the design of new inhibitors.
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Fig. 1. Structures of some USP7 inhibitors.

As a part of our program to develop novel USP7hitbis for cancer therapy' 2%
% we worked on the structural modifications of tpiperidinol class of USP7
inhibitors, with a particular focus on the USP7 #0®@ sub-site. Thus, a series of
N-aromatic and N-benzyl piperidinol derivatives wedesigned, synthesized and
biologically evaluated. Among these compounds, aump L55 was found to
potently inhibit USP7 (1= 40.8 nM, k= 78.3 nM). Moreoven 55 showed strong
antiproliferative activity in the cancer cell lineslCaP (IGo = 29.6 nM) and RS4;11
(ICs0 = 41.6 nM). More importantly, X-ray crystallograptstudies revealed thab5

bound to USP7 with a new pose that was very diffefie@m the previously reported

inhibitors.
2. RESULTS AND DISCUSSION

2.1 Design of target compounds

Considering that the USP7 Phe409 sub-site exhilgiesdit adaptability to the
ligands, we examined the potency outcome of repipthe flexible long chain of
FT671 with a heteroaromatic group, and thus, a seriesNdieteroaromatic

piperidinol derivatives (Fig. 2L1-L13) were designed. It was expected that the



heteroatoms could make hydrogen bond interactiotls WSP7 Try 465, and the

heteroaromatic rings could mimic the bending pdsbelong chain oFT671
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Fig. 2. Design of the target compounds.

In addition, we noticed that although the piperddimmide group ofFT827
hydrogen bonded with USP7 Try465, it also formediteedral angle of nearly 90
degrees with its attached phenyl grotip Thus, we considered deleting the amide
oxygen atom and the outer phenyl group of the dighso that the ligands could be
easily adjusted to the optimal binding poses. lis tegard, a series of N-benzyl
piperidinol derivatives were designed (Fig.L24-L53). Furthermore, upon finding
2-chloro-4-methoxycarbonylbenzyl as one of the gmeidd groups, compound$4
and L55 were designed, as the (4-aminomethyl)phenyl groapd the
pyrazolo[4,3-d]pyrimidine skeleton were reported add more hydrogen bond

interactions with USP7*,

2.2 Synthesis of target compounds

The synthetic route th1-L49 is depicted in Scheme 1. The key intermediatas
synthesized according to previously reported proced®. In the presence of
triethylamine, 4-fluorophenylhydrazine hydrochlaid and
2-(ethoxymethylene)malonoitrile were cyclized undheating to form pyrozold,
which was hydrolyzed to afford amid®. Reaction of 1 with triethyl
methanetricarboxylate in acetic anhydride undetuxefafforded pyrimidone3,
followed by a nucleophilic substitution reaction cooing with tert-butyl
1-oxa-6-azaspiro[2.5]octane-6-carboxylate in theespnce of GE€0O; to give
piperidinol 4. Compound4 was Boc-deprotected by TFA and finally reactedhwit

diverse halides to offer the target compouhdid 49. EsterL49 was hydrolyzed in



50% hydroxylamine aqueous solution to give carbioxycid L50, which was

amidated with different amines to provid&1-L53.

NH,
NHNH,- HCI U " i N//fLNH
N N . \
© Cj/c a_ N 2 N TTNH, NP d

_g» /fL) \/Q/COZH /\/]\)L)/\b \/Q)LNHW
Q Q L51-L53

F F
Scheme 1Synthesis of.1-L49. Reagents and conditions: (a) TEA, EtOH, reflux, 10
h, 66%; (b) con. bEBO,, r.t., 75%; (c) triethyl orthoformate, acetic adhye, reflux,
53%; (d) tert-butyl 1-oxa-6-azaspiro[2.5]octaneddbeoxylate, C£O;, DMF, 80 C,
33%; (e) TFA, DCM, r.t.; (f) KCOs, DMF, r.t. or 120°C, 16-86%; (g) 50% NKDH
in H0, 90 C, 73%; (h) forL51 or L53: oxalyl chloride, DMF (cat.), DCM; then
ammonia methanol solution or 50% MPH in HO, r.t., 30% or 31%; fok52: 27%
methylamine in EtOH, HATU, DIPEA, DMF, r.t., 40%.

The synthesis oE54 andL55 is outlined in Scheme 2. The intermedidfewas
prepared from commercially available methyl 4-nittd-pyrazole-3-carboxylate over
six steps: methylation, reduction, cyclization, raroation, aminolysis cleavage of
epoxy and Boc-deprotection ?*.  Treatment of 11 with  methyl
4-(bromomethyl)-3-chlorobenzoate in the presencepofassium carbonate gave
compound 12, which reacted with boronat&5 or 16 under Suzuki coupling
conditions to affordl7 or L54. Boc-deprotection ofl7 in trifluoroacetic acid gave

compound.55 as the trifluoroacetate form.
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Scheme 2.Synthesis ofL54 and L55. Reagents and conditions: (a}GO;, Mel,
acetone, 701, 27%; (b) Pd/C, Bl MeOH, r.t.,, 97%; (c) formamidine acetate, DIPEA,
n-BuOH, 110 °C, 94%; (d) Br AcOH, 95 °C, 36%,; (e) tert-butyl
1-oxa-6-azaspiro[2.5]octane-6-carboxylate,,@3;, DMF, 80 °C, 33%; (f) TFA,
DCM, r.t.; (g) methyl 4-(bromomethyl)-3-chlorobermste, KCO;, DMF, r.t., 32%; (h)
for 13 (Boc),O, N, DIPEA, CHC4, r.t., 92%; forl4: acetyl chloride, TEA, dry DCM,
76%; (i) AcOK, Bis(pinacolato)diboron, Pd(dppfYCDMSO, Ar, 80 °C, 16-95%; (j)
Pd(PPR)4, K2COs, DMF, Ar, 110 °C, 60-65%; (k) TFA, DCM, r.t., 79%.

2.3 USP7 inhibitory activity and SARanalysisof the target compounds

The inhibitory activity of all the target compoundgainst full-length USP7 was
evaluated using a Ub-Rho ass@ywith the trifluoroacetic acid salt d€P4 as the
positive control (its synthetic details are incldda Supporting Information). A
preliminary screen was performed at a compound ex@nation of 10uM or 1 uM.
For those compounds with inhibitief0%, 1Govalues were further determined.

As shown in Table 1, all N-aromatic compounds hadrpr no activity at 10 uM,

with the exception of haliddss-L7, which had 32-43% inhibition against USP7.



Table 1.USP7 inhibitory activity ot.1-L13
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L6 # \ s 43.315.2 L13 SfY/N NA
A 315, SJ'COZEt
ESAN (trifluoroacetic a
L7 \ 39.3+6.4 CP4 _ 92.446.8
|7 acid salt)

@ Determined at a compound concentration of 1 puM: h#& active.

As shown in Table 2, N-benzyl piperidinol compourit exhibited poor activity,
and no improvement was observed on aza-benzyl congsoL15-17. Notably,
introduction of NQ, CN, halides and COOMe to the orth®(, L23, L25, L28 and
L30) and paral(22, L24, L27, L29 andL31) positions of the phenyl group of the
N-benzyl fragments generally led to a large inoeemsactivity. In particular, ortho
chloride L25, ortho bromidd.28 and para estdrt37 had 1G values of 3.4, 3.1 and
4.5 uM, respectively. In contrast, ortho edt®5 was not active, and compounds
L32-L34, with electron-donating groups Gldnd Ck, had poor activity, indicating a
strong preference of small and electron-withdrawougs for the ortho and para
positions.

The above findings prompted us to investigate oréimal para di-substituted

compounds. To our delight, combinations of orthbdes and para-COOMe



dramatically improved the activity. Compoundé3 (ICso= 0.8 uM),L44 (ICs0= 0.8
pM) and L45 (ICso= 0.9 uM) bearing both ortho-halides and para-COOMNze
more potent than compountl3 (IC5o= 9.8 uM),L25 (ICso= 3.4 uM) andL28
(ICs0= 3.1 uM) bearing only ortho-halides. Notably, vergall structural changes on
methyl estet.44 caused sharp decrease in potency sincel&fichnd amide£51-53

were almost not active at 1 uM.

Table 2. USP7 inhibitory activity o£.14-L.53
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L17 ?%A@ 14366  ND | L38 ‘ﬁﬁij 28.6:58  ND
F

L18 ?zb NA ND L39 %jij 17.147.1 ND
Cl
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Inhibition ICso Inhibition ICs0
Cpd R Cpd R
(%0) (LM) (%0) (LM)
%@ %
L23 59.6:45  9.8+12| L44 65.943.7%  0.840.2
E Cljij\COzMe
% %
L24 30.9¢7.8  ND | L45 55.746.7%  0.940.2
F Br COo,Me
L25 EA/@ 824515 34104 46 [ | 412:55  ND
Cl F3C Cl
% ?s,
126 23969  ND | L47 ] | 629:186 11412
cl NC Cl
L27 ?"N@ 60.6:21.5 8.0:0.9| L48 ii@ 435439  ND
Cl Br CN
0 o :
L28 68.6+10.3 3.1:0.4| L49 427451 ND
Br cl CO,Et
L29 ?‘@ 51.9+3.0  6.7+1.8| L50 }{:@L 17.8#8.1*  ND
Br cl CO,H
L30 ?‘jg 50.4:132 8127 151 I NA ND
NG cl CONH,
% H a
L31 182457  ND | L52 N NA ND
CN 0
% H a
L32 34.9#38 ND | L53 o NA ND
CF;
6]
L33 %@@ 318452  ND
hx (trifluoroacetic . 0.0197+0
134 [ 23156  ND | cP4 _ 92.446.8
acid salt) .0072

@ Determined at a compound concentration 1 uM; N#A:attive; ND: not determined.

As shown in Table 3, replacing the pyrazolo[3,4ydijmidone fragment with the

pyrazolo[4,3-d]pyrimidone fragment significantlycireased the potency, consistent

with a previous repoft®. The intermediatd 2 (ICso = 156.6 nM) was 4 times more

potent than_44. Substitution of the bromine atom »2 with 4-aminomethylphenyl

group further improved the potency by approximatelipld, giving rise to the most

potent compound in this study55 (ICso= 40.8 nM). Boc-protection or acetylation of

the benzylamino group af55 caused a significant reduction of potency (compoun

171Cs0 = 208.8 nM;L54 I1Cs50 = 121.3 nM).



Table 3.USP7 inhibitory activity ofL2, 17, L54 andL55

0]
H
N N /\T\//\‘ CO,Me
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7 N
RS

Cl

Cpd R ICs0 (NM)
12 Br 156.6+9.5
17 208.8+21.9

NHBoc

L54 + 121.340.56
NHAc
L55 & NH, 40.8+4.4

(trifluoroacetic acid salt)

CP4 (trifluoroacetic acid salt) 19.7£7.2

The deubiquitinase inhibitory selectivity of compound

L55 was further evaluated. As shown in Table S4 (sepp&ting Information),
similar to the control compoun@P4 (trifluoroacetic acid salt), compourich5 did
not inhibit a panel of the tested deubiquitinas€3HlL.1, UCH-L5, USP2, USP25,
USP28 and USP11 at 20 puM, indicating its exceligmbitory selectivity for USP7.

2.4 Binding affinity of L55 to USP7

The binding affinity ofL55 to USP7 was determined using Biolayer Interferoynet
(BLI) technology. As shown in Fig. 855 bound to the USP7 catalytic domain with
high affinity (Kp = 78.3 nM), which was comparable to the positieaitml CP4

(trifluoroacetic acid salt, K= 41.6 nM) and consistent with thesialues.
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Fig. 3.Binding profiles for the interaction @P4 (A) andL55 (B) with the USP7
catalytic domain (determined by BLI).

2.5 X-ray crystallographic study of USP7 co-crysta in complex with L55

To reveal the crucial interactions between compdibland USP7we cultivated
co-crystals of USP7 catalytic domain protein wib and determined their structure
by an X-ray diffraction method. A co-crystal struet at 2.26 A resolution was
successfully obtained. The X-ray crystallographidses showed that similar ©©P5
24 55 bound to USP7 in the ubiquitin C-terminal bindingfcbetween the palm and
thumb areas (Fig. 4A and Fig. 4B). The rigid skaiet of L55 and CP5 had very
similar poses and interactions with USP7 (Fig. 4@d aFig. 4D). Their
(4-aminomethyl)phenyl groups both stretched outhe USP7 surface and made
hydrogen bond interactions with GIn351. Their pptapyrimidone groups were both
buried in USP7 and made multiple hydrogen bondaateons with GIn297, Arg408
and Phe409.
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Fig. 4. Comparison of the co-crystal structured.66 (A, C) andCP5 (B, D) binding
to the USP7 catalytic domain.

Unexpectedly, in the USP7 complex with5, Phe40%howed a large upshift, thus
adding good pi-pi interactions to the pyrazole raid.55 (Fig. 4C). Moreoverl.55
was very different fronCP5 in the pose of the piperidinol group (Fig. 4D}halugh
their hydroxyl groups both made hydrogen bond adgons with Asp295 and Val296.
The piperidinol ring olL55 stood up and was nearly parallel to the pyrimidong,
probably due to the lack of a hydrogen bond intewacwith Tyr465, while the
piperidinol ring ofCP5 laid flat in the USP7 pocket. Additionally, unlikee flexible
chain inCP5, the benzyl group okE55 did not bend inward but stretched outside,
which was probably the cause of the Phe409 shifhe T2-chloro and
4-methoxycarbonyl groups on the benzyl ld&§5 were very close to the binding
pocket boundary, thus not allowing for replacemaptlarge groups. Together, this

new co-crystal structure would assist in the desigmovel USP7 inhibitors.



2.61n vitro anticancer effect and action mechanism of L55

We next performed the cell viability assay for caupd L55 against a panel of
cancer cell lines including LNCaP, RS4;11, HCT1M®&4, K562 and Huh-7 cells.
RS4;11 (lymphoblastic leukemia cell line) and LNGpPostate cancer cell line) were
previously reported to be highly sensitive @4 2*. As expected, we found that
among the test cell lines, RS4;11 and LNCaP werertbst sensitive tb55 andCP4.
As shown in Table 4.55 exhibited nanomolar levels of inhibitory activibp LNCaP
and RS4;11 and was slightly less potent tiid. Conversely,L55 showed very
weak inhibitory activity on HCT116, NB4, K562 andukt7 cells(see Supporting
Information Fig. S3).

Table 4.Inhibitory activity ofL55 andCP4 on cancer cell growth

o, NCaP  RS&1l  HCTil6 NB4 K562 Huh-7
P ICs/nM ICsnM  ICsduM  ICsduM  ICsdiM  ICsg/uiM

55  20.6+21 416441  32.846.2  50:05  27.9+2.8  3.6+0.4

CP4 201426  6.9+2.2 550 >50 241419  10.741.6

To understand the anti-cancer mechanisni58, we assessed its effects on cell
death and the cell cycle in RS4;11 cells. The Aim&{P| assay revealed that the
ratios of dying cells (Annexin V positive/Pl pos#i representing late apoptosis or
necrosis) increased significantly with theé&55 treatment time (Fig. 5A). Flow
cytometry analysis of the cell cycle distributie@vealed a time-dependent increase in
the subG (apoptotic cell) population, further supipg the cytotoxic effect of.55.
Moreover, uporL55 treatment, the proportions of G2/M cells were dieseduced,
while the proportions of GO/G1 and S cells were aygparently altered, suggesting
that L55 might arrest cell progression by restricting the/&L and S phases (Fig.
5B).
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Fig. 5. Effects ofL55 on cell death and cell cycle distribution. (A) Wlaytometric

analysis of cell death of RS4;11 cells treated Wib (1 uM) for O h, 24 h, 48 h or 72

h. (B) The cell cycles of RS4;11 cells were analyzea flow cytometry after

treatment with_55 (1 uM) for O h, 24 h, 48 h or 72 h.

We next assessed the effects of compowtd on downstream pathway

components of USP7 signaling in RS4;11 cells. Asnshin Fig. 6, the protein levels

of MDM2 were dose-dependently reduced, while thatepn levels of p53 and p21

were increased bl55 treatment. This result was consistent with thdifig thatL55

induced cell death and cell cycle arrest. In addjteanother USP7 substrate, DNMT1

(DNA methyltransferase 1), was also downregulate¢ k55 in a

concentration-dependent manner. Interestinggb also induced a decrease in the

protein level of USP7.
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Fig. 6. Effects ofL55 on the protein levels of USP7, DNMT1, MDM2, p53 grizil
in RS4;11 cells. Western blotting analysis of R34cglls treated with.55, CP4 (1
1M) or DMSO for 24 h.

3. CONCLUSIONS

In this study, 55 piperidinol derivatives were dg&d, synthesized and biologically
evaluated to find new USP7 inhibitors. The resuwltsthe USP7 inhibitory assay
showed that N-benzyl piperidinol derivatives extedi potent USP7 inhibitory
activity, among which compounds5 was identified as a highly selective and potent
USP7 inhibitor (USP7 I§= 40.8 nM, o= 78.3 nM).L55 showed strongn vitro
antitumor activity against LNCaP (&= 29.6 nM) and RS4,;11 (Kg= 41.6 nM) cells.
Mechanism studies demonstrated 3% caused marked cell death and arrested cell
progression through restricting GO/G1 and S phas&S4;11 cells. Moreovel,55
dose-dependently reduced the protein levels of mmateins MDM2 and DNMT1 and
increased the protein levels of tumor suppressbdsgmd p21. Interestinglit55 also
reduced USP7 protein levels in RS4;11 cells. Margartantly, the co-crystal
structure of USP7 in complex with55 revealed that55 bound to USP7 at the
previously reported site but with a new pose thais wery different from the
previously reported inhibitors. This co-crystalustiure of USP7 in complex withb5

would assist in the future design of novel struatetasses of USP7 inhibitors.



4. Experimental section

4.1 Chemistry

General information General procedures of the synthesis route are idedcias
below. Commercially available reagents and solvemése used without further
purification. Analytical thin-layer chromatograpfiLC) was performed on silica gel
60 F254 plates (Qingdao Ocean Chemical Company, nathi Column
chromatography was carried out on silica gel (200-3nesh, Qingdao Ocean
Chemical Company, China}jH and *C NMR spectra were recorded on an
ACF*300Q Bruker spectrometer with Y& as the internal reference. Proton
coupling patterns were described as singlet ()bl (d), doublet of doublets (dd),
triplet (t), triplet of doublets (td), quartet (qpultiplet (m), and broad (br). Low and
high-resolution mass spectra (LRMS and HRMS) webtaioed in electrospray
ionization mode. The mass analyzer type used ®HIRMS measurements was TOF.
The melting point (m. p.) was measured on a mi@piscmelting point apparatus. All
compounds underwent UPLC to determine purity imm@uedly before processing the
Ub-Rho assays. A Waters Acquity UPLC system cormgishe Quaternary Solvent
manager, Sample Manager-FTN, PDA Detector were @medl The UPLC
conditions were as follows: ACQUITY UPLC® BEH C18lemn, 2.1x50 mm, 1.7

um; detection wavelength: 254 nm.

4.1.1
1-(4-fluorophenyl)-5-((4-hydroxy-1-(pyridin-2-yl)peridin-4-yl)methyl)-1,5-dihydro-
4H-pyrazolo[3,4-d]pyrimidin-4-one.()

A mixture of 5 (88 mg, 0.2 mmol¥3, 2-bromopyridine (21 pL, 0.22 mmol) and
K2CO; (102 mg, 0.74 mmol) in DMF (2 mL) was stirred &01°C for 20 h. After

cooling to room temperature, the mixture was dduath water (10 mL), extracted
with ethyl acetate (10 mL x 3), and the organicetawas washed with water (10
mLx3) and brine (10 mL), dried over sodium sulfdtkered and concentrated. The
residue was purified by column chromatographydailgel, petroleum ether : ethyl

acetate = 1 : 1) to give compouhd (37 mg, 34% vyield) as a white solid. m.p.



204-206 °CH NMR (300 MHz,ds-DMSO0) & 8.42 — 8.32 (m, 2H), 8.12 — 8.04 (m,
3H), 7.54 — 7.37 (m, 3H), 6.86 — 6.79 (m, 1H), 6-6a.53 (M, 1H), 4.90 (s, 1H), 4.05
(s, 2H), 4.00 — 3.90 (m, 2H), 3.26 — 3.16 (m, 2H§4 — 1.53 (m, 2H), 1.48 — 1.39 (m,
2H).ESI-MS: m/z 443.1 [M+N4d] LC tz: 0.910 min, purity 97.24%.

4.1.2
1-(4-fluorophenyl)-5-((4-hydroxy-1-(pyrimidin-2-ypjperidin-4-yl)methyl)-1,5-dihyd
ro-4H-pyrazolo[3,4-d]pyrimidin-4-oné_2)

CompoundL2 was prepared according to the procedure descrifrecoimpound.1.
L2: white solid, 34% yield. m.p. 204-206 °&1 NMR (300 MHz,ds-DMSO) § 8.42
—8.30 (M, 4H), 8.15 — 8.00 (m, 2H), 7.51 — 7.35 2i), 6.62 — 6.54 (m, 1H), 4.96 (s,
1H), 4.37 — 4.26 (m, 2H), 4.06 (s, 2H), 3.29 — 3(@8 2H), 1.64 — 1.37 (m, 4H).
ESI-MS: m/z 422.2 [M+H]. LC tz: 0.889 min, purity 97.78%.

4.1.3
1-(4-fluorophenyl)-5-((4-hydroxy-1-(quinolin-2-ylyperidin-4-yl)methyl)-1,5-dihydr
0-4H-pyrazolo[3,4-d]pyrimidin-4-ond_Q3)

CompoundL3 was prepared according to the procedure descrifrecbimpound.1.
L3: white solid, 39% yield. m.p. 203-205 °& NMR (300 MHz,ds-DMSO) § 8.38
(s, 1H), 8.37 (s, 1H), 8.14 — 8.05 (m, 2H), 8.02.97 (m, 1H), 7.72 — 7.65 (m, 1H),
7.59 — 7.49 (m, 2H), 7.50 — 7.38 (m, 2H), 7.30 57(m, 2H), 4.96 (s, 1H), 4.31 —
4.14 (m, 2H), 4.06 (s, 2H), 3.46 — 3.33 (m, 2HY51- 1.56 (m, 2H), 1.56 — 1.41 (m,
2H). ESI-MS: m/z 471.2 [M+H] LC tx: 2.336 min, purity 95.85%.

4.1.4
1-(4-fluorophenyl)-5-((1-(3-fluoropyridin-2-yl)-4ydroxypiperidin-4-yl)methyl)-1,5-
dihydro-4H-pyrazolo[3,4-d]pyrimidin-4-oné.4)

CompoundL4 was prepared according to the procedure descriirecoimpound.1.
L4: white solid, 39% yield. m.p. 165-167 °&4 NMR (300 MHz,ds-DMSO) § 8.45
—8.30 (m, 2H), 8.16 — 7.93 (m, 3H), 7.54 — 7.33 i), 6.91 — 6.77 (m, 1H), 4.91 (s,



1H), 4.06 (s, 2H), 3.80 — 3.63 (m, 2H), 3.27 — 35 2H), 1.77 — 1.62 (m, 2H), 1.55
—1.43 (m, 2H). ESI-MS: m/z 439.1 [M+H]LC tz: 0.597 min, purity 97.42%.

4.1.5
5-((1-(3-chloropyridin-2-yl)-4-hydroxypiperidin-4bmethyl)-1-(4-fluorophenyl)-1,5-
dihydro-4H-pyrazolo[3,4-d]pyrimidin-4-oné.%)

CompoundL5 was prepared according to the procedure descrifrecoimpound.1.
L5: white solid, 36% yield. m.p. 175-177 °& NMR (300 MHz,ds-DMSO) § 8.46
—8.31 (m, 2H), 8.24 — 8.15 (m, 1H), 8.15 — 8.01 2i), 7.81 — 7.71 (m, 1H), 7.51 —
7.36 (m, 2H), 7.03 — 6.89 (m, 1H), 4.87 (s, 1HP84(s, 2H), 3.57 — 3.40 (m, 2H),
3.22 — 3.04 (m, 2H), 1.86 — 1.66 (m, 2H), 1.60 441(m, 2H). ESI-MS: m/z 455.1
[M+H]*. LC tr: 1.620 min, purity 98.47%.

4.1.6
5-((1-(3-bromopyridin-2-yl)-4-hydroxypiperidin-4-yhethyl)-1-(4-fluorophenyl)-1,5-
dihydro-4H-pyrazolo[3,4-d]pyrimidin-4-oné.6)

CompoundL6 was prepared according to the procedure descrirecoimpound.1.
L6: white solid, 48% yieldm.p. 171-173 °C*H NMR (300 MHz,ds-DMSO0) § 8.38
(s, 1H), 8.37 (s, 1H), 8.27 — 8.18 (m, 1H), 8.18.62 (m, 2H), 7.98 — 7.89 (m, 1H),
7.48 — 7.38 (m, 2H), 6.95 — 6.84 (m, 1H), 4.871¢4), 4.10 (s, 2H), 3.51 — 3.38 (m,
2H), 3.16 — 3.00 (m, 2H), 1.86 — 1.65 (m, 2H), 1-62.48 (m, 2H). ESI-MS: m/z
455.1 [M+Na]. LC tz: 0.900 min, purity 97.56%.

4.1.7
1-(4-fluorophenyl)-5-((4-hydroxy-1-(3-iodopyridin-g)piperidin-4-yl)methyl)-1,5-di
hydro-4H-pyrazolo[3,4-d]pyrimidin-4-oné.7)

CompoundL?7 was prepared according to the procedure descrifrecoimnpound.1.
L7: white solid, 55% yieldm.p. 215-217 °C*H NMR (300 MHz,ds-DMSO) § 8.41
— 8.35 (m, 2H), 8.29 — 8.22 (m, 1H), 8.19 — 8.12 {id), 8.12 — 8.04 (m, 2H), 7.50 —
7.36 (m, 2H), 6.81 — 6.71 (m, 1H), 4.86 (s, 1HL04(s, 2H), 3.41 — 3.31 (m, 2H),



3.14 — 2.98 (m, 2H), 1.88 — 1.68 (m, 2H), 1.64 451(m, 2H). ESI-MS: m/z 547.2
[M+H]*. LC tx: 2.157 min, purity 98.52%.

4.1.8
2-(4-((1-(4-fluorophenyl)-4-oxo-1,4-dihydro-5H-pyr@alo[ 3,4-d]pyrimidin-5-yl)meth
yl)-4-hydroxypiperidin-1-yl)nicotinonitrile I(8)

CompoundL8 was prepared according to the procedure descrifirecbimnpound.1.
L8: white solid, 48% yield. m.p. 185-187 °& NMR (300 MHz,ds-DMSO) § 8.44
—8.32 (m, 3H), 8.14 — 7.98 (m, 3H), 7.50 — 7.38 2i), 6.93 — 6.84 (m, 1H), 4.98 (s,
1H), 4.09 (s, 2H), 4.04 — 3.91 (m, 2H), 3.42 — BB 2H), 1.82 — 1.65 (m, 2H), 1.61
—1.44 (m, 2H). ESI-MS: m/z 468.1 [M+Na].C tz: 1.037 min, purity 98.23%.

4.1.9
1-(4-fluorophenyl)-5-((4-hydroxy-1-(6-(trifluoromieyl) pyridin-2-yl)piperidin-4-yl)m
ethyl)-1,5-dihydro-4H-pyrazolo[3,4-d]pyrimidin-4-enlL9)

CompoundL9 was prepared according to the procedure descrifrecbimpound.1.
L9: white solid, 40% yield. m.p. 233-235 °& NMR (300 MHz,ds-DMSO) § 8.43
—8.32 (m, 2H), 8.14 — 8.01 (m, 2H), 7.79 — 7.65 {i), 7.53 — 7.38 (m, 2H), 7.20 —
7.07 (m, 1H), 7.04 — 6.93 (m, 1H), 4.97 (s, 1HP6A(s, 2H), 4.05 — 3.96 (m, 2H),
3.29 — 3.18 (m, 2H), 1.70 — 1.56 (m, 2H), 1.53 381(m, 2H). ESI-MS: m/z 511.1
[M+Na]®. LC tz: 2.734 min, purity 96.26%.

4.1.10
2-(4-((1-(4-fluorophenyl)-4-oxo-1,4-dihydro-5H-py@lo[3,4-d]pyrimidin-5-yl)meth
yh)-4-hydroxypiperidin-1-yl)nicotinaldehydé.10)

Compound.10 was prepared according to the procedure descrdyezbfmpound.1.
L10: white solid, 49% yield. m.p. 172-175 °& NMR (300 MHz,ds-DMS0) § 9.92
(s, 1H), 8.44 — 8.33 (m, 3H), 8.14 — 7.97 (m, 3H%1 — 7.32 (m, 2H), 7.05 — 6.89 (m,
1H), 4.95 (s, 1H), 4.09 (s, 2H), 3.70 — 3.51 (m), 2843 — 3.32 (m, 2H), 1.88 — 1.68
(m, 2H), 1.57 — 1.38 (m, 2H). ESI-MS: m/z 471.1 [N&]". LC tz: 0.912 min, purity
96.41%.



4.1.11
6-(4-((1-(4-fluorophenyl)-4-oxo-1,4-dihydro-5H-py@lo[ 3,4-d]pyrimidin-5-yl)meth
yh)-4-hydroxypiperidin-1-yl)picolinaldehydd_(@1)

Compound_11 was prepared according to the procedure descrdyeztbfnpound.1.
L11: white solid, 19% vyield. m.p. 170-172 °& NMR (300 MHz,ds-DMS0) § 9.79
(s, 1H), 8.38 (s, 1H), 8.37 (s, 1H), 8.15 — 8.02 @), 7.79 — 7.65 (m, 1H), 7.49 —
7.37 (m, 2H), 7.22 — 7.09 (m, 2H), 4.97 (s, 1HL%- 4.00 (m, 4H), 3.42 — 3.31 (m,
2H), 1.71 — 1.54 (m, 2H), 1.54 — 1.36 (m, 2H). B&3: m/z 471.2 [M+Nd]. LC tx!
0.445 min, purity 95.78%.

4.1.12
1-(4-fluorophenyl)-5-((4-hydroxy-1-(thiazol-2-yl)peridin-4-yl)methyl)-1,5-dihydro-
4H-pyrazolo[3,4-d]pyrimidin-4-one.(2)

A mixture of5 (221 mg, 0.5 mmol), 2-bromothiazole (82 mg, 0.5ahnand KCOs;
(138 mg, 1 mmol) in DMF (2 mL) was stirred at 90fUC 67 h. After cooling to room
temperature, the mixture was diluted with water ifil0, extracted with ethyl acetate
(10 mL x 3), and the organic layer was washed wister (10 mLx3) and brine (10
mL), dried over sodium sulfate, filtered and coricated. The residue was purified by
column chromatography (silica gel, DCM: gbH= 1: 1) to give compoundl12 (34
mg, 16% yield) as a white solid. m.p. 210-212 4&.NMR (300 MHz,ds-DMSO) &
8.36 (d,J = 2.6 Hz, 2H), 8.18 — 7.99 (m, 2H), 7.42Jt 8.8 Hz, 2H), 7.13 (d] = 3.6
Hz, 1H), 6.80 (d,J = 3.6 Hz, 1H), 5.00 (s, 1H), 4.06 (s, 2H), 3.73.59 (m, 2H), 3.28
(t, J = 10.8 Hz, 2H), 1.68 (t) = 10.2 Hz, 2H), 1.60 — 1.43 (m, 2H). ESI-MS: m/z
449.2 [M+Na]. LC tz: 0.856 min, purity 97.06%.

4.1.13 Ethyl
2-(4-((1-(4-fluorophenyl)-4-oxo-1,4-dihydro-5H-pyr@lo[ 3,4-d]pyrimidin-5-yl)meth
yl)-4-hydroxypiperidin-1-yl)thiazole-4-carboxylate13)

CompoundL13 was prepared according to the procedure described@dmpound

L12. L13: white solid, 18% yield. m.p. 184-186 °&4 NMR (300 MHz,ds-DMSO)



6 8.35 (d,J = 1.8 Hz, 2H), 8.06 (dd] = 8.7, 4.8 Hz, 2H), 7.65 (s, 1H), 7.41Jt 8.7
Hz, 2H), 5.01 (s, 1H), 4.21 (4,= 7.0 Hz, 2H), 4.06 (s, 2H), 3.68 @@= 12.6 Hz, 2H),
1.68 (t,J = 10.2 Hz, 2H), 1.58 — 1.41 (m, 2H), 1.25)& 7.0 Hz, 3H). ESI-MS: m/z
521.2 [M+Na]. LC tz: 2.779 min, purity 97.84%.

4.1.14
5-((1-benzyl-4-hydroxypiperidin-4-yl)methyl)-1-(4dbrophenyl)-1,5-dihydro-4H-pyr
azolo[3,4-d]pyrimidin-4-onel(14)

A mixture of 5 (88 mg, 0.2 mmol), benzyl bromide (36 pL, 0.3 mmahd KCO;
(102 mg, 0.74 mmol) in DMF (4 mL) was stirred atltaemt temperature for 2 h. The
mixture was diluted with water (9 mL), extractedtwethyl acetate (6 mL x 3), and
the organic layer was washed with water (10 mLx8) hrine (10 mL), dried over
sodium sulfate, filtered and concentrated. Thedtesiwas purified by column
chromatography (silica gel, DCM:methol = 20:1) teegcompound.14 (27 mg, 31%
yield) as a light yellow solid. m.p. 178-180 °&4 NMR (300 MHz,ds-DMSO) &
8.42 — 8.24 (m, 2H), 8.18 — 7.99 (m, 2H), 7.54087(m, 7H), 4.61 (s, 1H), 4.03 (s,
2H), 3.44 (s, 2H), 2.49 — 2.37 (m, 2H), 2.39 — Am7 2H), 1.75 — 1.54 (m, 2H), 1.51
—1.32 (m, 2H). ESI-MS: m/z 434.2 [M+H]LC tz: 1.572 min, purity >99%.

4.1.15
1-(4-fluorophenyl)-5-((4-hydroxy-1-(pyridin-2-ylmieyl)piperidin-4-yl)methyl)-1,5-d
ihydro-4H-pyrazolo[3,4-d]pyrimidin-4-ond_{5)

CompoundL15 was prepared according to the procedure describeddmpound
L14. L15: light yellow solid, 31% yield. m.p. 124-126 °¢H NMR (300 MHz,
ds-DMSO) § 8.54 — 8.40 (m, 1H), 8.40 — 8.28 (m, 2H), 8.16.957(m, 2H), 7.85 —
7.64 (m, 1H), 7.52 — 7.32 (m, 3H), 7.28 — 7.15 (iH), 4.66 (s, 1H), 4.01 (s, 2H),
3.57 (s, 2H), 2.64 — 2.50 (m, 2H), 2.44 — 2.24 P), 1.72 — 1.51 (m, 2H), 1.47 —
1.28 (m, 2H). ESI-MS: m/z 435.2 [M+H]LC tx: 0.647 min, purity 98.94%.

4.1.16
1-(4-fluorophenyl)-5-((4-hydroxy-1-(pyridin-3-ylmieyl)piperidin-4-yl)methyl)-1,5-d



ihydro-4H-pyrazolo[3,4-d]pyrimidin-4-ond_{6)

CompoundL16 was prepared according to the procedure describeddmpound
L14. L16: white solid, 54% yieldm.p. 198-200 °C*H NMR (300 MHz,ds-DMS0) &
8.54 — 8.40 (m, 2H), 8.37 — 8.27 (m, 2H), 8.14 987(m, 2H), 7.77 — 7.62 (m, 1H),
7.51 —7.22 (m, 3H), 4.66 (s, 1H), 4.00 (s, 2H3,73(s, 2H), 2.60 — 2.49 (m, 2H), 2.38
—2.19 (m, 2H), 1.70 — 1.49 (m, 2H), 1.48 — 1.28 Z). ESI-MS: m/z 435.2 [M+H]
LC tr: 0.904 min, purity >99%.

4.1.17
1-(4-fluorophenyl)-5-((4-hydroxy-1-(pyridin-4-ylmieyl)piperidin-4-yl)methyl)-1,5-d
ihydro-4H-pyrazolo[3,4-d]pyrimidin-4-ond_{17)

CompoundL17 was prepared according to the procedure described@¢dmpound
L14. L17: light yellow solid, 61% yieldm.p. 244-246 °C*H NMR (300 MHz,
ds-DMSO) § 8.59 — 8.43 (m, 2H), 8.42 — 8.28 (m, 2H), 8.17.608m, 2H), 7.50 —
7.37 (m, 2H), 7.37 — 7.26 (m, 2H), 4.69 (s, IHP34(s, 2H), 3.50 (s, 2H), 3.31 (s,
2H), 2.57 — 2.51 (m, 2H), 2.40 — 2.22 (m, 2H), 1-78.54 (m, 2H), 1.50 — 1.32 (m,
2H). ESI-MS: m/z 435.2 [M+H] LC t: 0.912 min, purity 97.69%.

4.1.18 Methyl
2-(2-chlorophenyl)-2-(4-((1-(4-fluorophenyl)-4-0Xq4-dihydro-5H-pyrazolo[3,4-d]p
yrimidin-5-yl)methyl)-4-hydroxypiperidin-1-yl)aceta (L18)

A mixture of5 (221 mg, 0.5 mmol), methyl 2-bromo-2-(2-chloropyigmcetate (131
mg, 0.5 mmol) and ¥CO; (138 mg, 1 mmol) in DMF (4 mL) was stirred at asnii
temperature for 2 h. The mixture was diluted wititev (9 mL), extracted with ethyl
acetate (6 mL x 3), and the organic layer was washth water (10 mLx3) and brine
(10 mL), dried over sodium sulfate, filtered andncentrated. The residue was
purified by column chromatography (silica gel, DCMCH;OH = 20 : 1) to give
compound_18 (150 mg, vield 57%) as a white solfti NMR (300 MHz,ds-DMSO)

$ 8.34 (d,J = 5.5 Hz, 2H), 8.07 (dd] = 9.0, 4.9 Hz, 2H), 7.58 (d,= 7.3 Hz, 1H),
7.50 — 7.28 (m, 5H), 4.70 (s, 1H), 4.58 (s, 1HD24(s, 2H), 3.62 (s, 3H), 2.67 — 2.57



(m, 1H), 2.48 — 2.35 (m, 3H), 1.72 — 1.50 (m, 2HE0 — 1.32 (m, 2H). ESI-MS: m/z
548.2 [M+Na]. m.p. 168-170 °C. LGyt 5.308 min, purity 98.88%.

4.1.19
5-((1-benzhydryl-4-hydroxypiperidin-4-yl)methyl){4-fluorophenyl)-1,5-dihydro-4
H-pyrazolo[3,4-d]pyrimidin-4-onelL(19)

CompoundL19 was prepared according to the procedure descifiiredompound
L14. L19: white solid, 35% yield. m.p. 220-222 °84 NMR (300 MHz,ds-DMSO)

§ 8.31 (s, 2H), 8.04 (s, 2H), 7.38 (s, 6H), 7.32.207(m, 4H), 7.20 — 7.04 (m, 2H),
4.63 (s, 1H), 4.30 (s, 1H), 4.01 (s, 2H), 2.47372m, 2H), 2.32 — 2.03 (M, 2H), 1.79
— 1.51 (m, 2H), 1.50 — 1.26 (m, 2H). ESI-MS: m/253[M+Na]". LC tz: 1.083 min,
purity 96.31%.

4.1.20
1-(4-fluorophenyl)-5-((4-hydroxy-1-(2-nitrobenzyljeridin-4-yl)methyl)-1,5-dihydr
0-4H-pyrazolo[3,4-d]pyrimidin-4-ond_@0)

CompoundL20 was prepared according to the procedure describeddmpound
L14. L20: light yellow solid, 40% yield. m.p. 180-182 °¢d4 NMR (300 MHz,
ds-DMS0) 5 8.35 (s, 1H), 8.33 (s, 1H), 8.13 — 8.00 (M, 2H387- 7.79 (m, 1H), 7.70
— 7.57 (m, 2H), 7.57 — 7.36 (m, 3H), 4.67 (s, 1400 (s, 2H), 3.71 (s, 2H), 2.47 —
2.21 (m, 4H), 1.64 — 1.44 (m, 2H), 1.42 — 1.27 2id). ESI-MS: m/z 479.2 [M+H]
LC tr: 1.524 min, purity 97.51%.

4.1.21
1-(4-fluorophenyl)-5-((4-hydroxy-1-(3-nitrobenzyljeridin-4-yl)methyl)-1,5-dihydr
0-4H-pyrazolo[3,4-d]pyrimidin-4-one_@1)

CompoundL21 was prepared according to the procedure described@¢dmpound
L14. L21: white solid, 44% yieldn.p. 90-92 °CH NMR (300 MHz,ds-DMSO) §
8.34 (s, 2H), 8.22 — 8.02 (m, 4H), 7.76 Jds 7.4 Hz, 1H), 7.62 (J = 7.8 Hz, 1H),
7.42 (t,J = 8.7 Hz, 2H), 4.68 (s, 1H), 4.03 (s, 2H), 3.612d), 2.60 — 2.51 (m, 2H),
2.44 — 2.23 (m, 2H), 1.74 — 1.54 (m, 2H), 1.50 361(m, 2H). ESI-MS: m/z 479.2



[M+H]*. LC tr: 1.484 min, purity 94.43%.

4.1.22
1-(4-fluorophenyl)-5-((4-hydroxy-1-(4-nitrobenzyljeridin-4-yl)methyl)-1,5-dihydr
0-4H-pyrazolo[3,4-d]pyrimidin-4-ond_@2)

CompoundL22 was prepared according to the procedure describeddmpound
L14. L22: 51% yield as white solign.p. 214-216 °C*H NMR (300 MHz,ds-DMSO)

$ 8.35 (d,J = 3.5 Hz, 2H), 8.18 (d] = 8.4 Hz, 2H), 8.07 (dd] = 8.8, 4.9 Hz, 2H),
7.59 (d,J = 8.4 Hz, 2H), 7.42 (t) = 8.8 Hz, 2H), 4.69 (s, 1H), 4.03 (s, 2H), 3.60 (s
2H), 2.57 — 2.51 (m, 2H), 2.33 (= 10.2 Hz, 2H), 1.63 (] = 10.1 Hz, 2H), 1.41 (d,
J=12.9 Hz, 2H). ESI-MS: m/z 479.2 [M+H]LC tx:1.444 min, purity 93.09%.

4.1.23
5-((1-(2-fluorobenzyl)-4-hydroxypiperidin-4-yl)meth-1-(4-fluorophenyl)-1,5-dihyd
ro-4H-pyrazolo[3,4-d]pyrimidin-4-one_@3)

CompoundL23 was prepared according to the procedure described@¢dmpound
L14. L23: white solid, 53% vyieldn.p. 174-176 °C*H NMR (300 MHz,ds-DMSO) §
8.35 (s, 1H), 8.33 (s, 1H), 8.11 — 8.01 (m, 2H%87- 7.36 (m, 3H), 7.35 — 7.25 (m,
1H), 7.20 — 7.09 (m, 2H), 4.65 (s, 1H), 4.01 (s),2858 — 3.45 (m, 2H), 2.39 — 2.25
(m, 2H), 1.65 — 1.54 (m, 2H), 1.41 — 1.33 (m, 2E$I-MS: m/z 452.2 [M+H]. LC t:
1.216 min, purity 97.49%.

4.1.24
5-((1-(4-fluorobenzyl)-4-hydroxypiperidin-4-yl)meth-1-(4-fluorophenyl)-1,5-dihyd
ro-4H-pyrazolo[3,4-d]pyrimidin-4-one_@4)

CompoundL24 was prepared according to the procedure desciimedompound
L14. L24: white solid, 58% vyieldn.p. 206-208 °C*H NMR (300 MHz,ds-DMS0) &
8.35 (s, 1H), 8.34 (s, 1H), 8.13 — 8.01 (m, 2H507- 7.37 (m, 2H), 7.38 — 7.24 (m,
2H), 7.19 — 7.06 (m, 2H), 4.66 (s, 1H), 4.02 (s),2H44 (s, 2H), 2.49 — 2.44 (m, 2H),
2.33 — 2.19 (m, 2H), 1.71 — 1.50 (m, 2H), 1.48 301(m, 2H). ESI-MS: m/z 452.3
[M+H]*. LC t: 0.933 min, purity 96.77%.



4.1.25
5-((1-(2-chlorobenzyl)-4-hydroxypiperidin-4-yl)metih1-(4-fluorophenyl)-1,5-dihyd
ro-4H-pyrazolo[3,4-d]pyrimidin-4-one.@5)

CompoundL25 was prepared according to the procedure describeddmpound
L14. L25: white solid, 48% yield. m.p. 218-220 °&4 NMR (300 MHz,ds-DMSO)

§ 8.36 (s, 1H), 8.34 (s, 1H), 8.14 — 8.00 (m, 2H347- 7.37 (m, 4H), 7.37 — 7.20 (m,
2H), 4.69 (s, 1H), 4.03 (s, 2H), 3.55 (s, 2H), 2:62.52 (M, 2H), 2.43 — 2.30 (m, 2H),
1.69 — 1.54 (m, 2H), 1.47 — 1.34 (m, 2H). ESI-MSzm68.2 [M+H]. LC tx: 1.411
min, purity 96.24%.

4.1.26
5-((1-(3-chlorobenzyl)-4-hydroxypiperidin-4-yl)metih-1-(4-fluorophenyl)-1,5-dihyd
ro-4H-pyrazolo[3,4-d]pyrimidin-4-one_g6)

CompoundL26 was prepared according to the procedure described@¢dmpound
L14. L26: white solid, 65% yieldm.p. 194-196 °C*H NMR (300 MHz,ds-DMSO) §
8.35 (s, 1H), 8.34 (s, 1H), 8.13 — 7.99 (m, 2H307 7.21 (m, 6H), 4.66 (s, 1H), 4.02
(s, 2H), 3.47 (s, 2H), 2.49 — 2.45 (m, 2H), 2.38.22 (m, 2H), 1.68 — 1.53 (m, 2H),
1.46 — 1.33 (m, 2H). ESI-MS: m/z 468.1[M+H].C tz: 1.139 min, purity 95.44%.

4.1.27
5-((1-(4-chlorobenzyl)-4-hydroxypiperidin-4-yl)matih-1-(4-fluorophenyl)-1,5-dihyd
ro-4H-pyrazolo[3,4-d]pyrimidin-4-one_@7)

CompoundL27 was prepared according to the procedure described@¢dmpound
L14. L27: white solid, 39% yieldm.p. 224-226 °C*H NMR (300 MHz,ds-DMSO) §
8.47 — 8.25 (m, 2H), 8.18 — 7.95 (m, 2H), 7.68 207(m, 6H), 4.67 (s, 1H), 4.03 (s,
2H), 3.44 (s, 2H), 2.49 — 2.41 (m, 2H), 2.36 — A6 2H), 1.72 — 1.52 (m, 2H), 1.47
—1.31 (m, 2H). ESI-MS: m/z 468.2 [M+H]LC tx: 2.271 min, purity >99%.

4.1.28
5-((1-(2-bromobenzyl)-4-hydroxypiperidin-4-yl)methnl -(4-fluorophenyl)-1,5-dihy
dro-4H-pyrazolo[3,4-d]pyrimidin-4-ond_p8)



CompoundL28 was prepared according to the procedure describeddmpound
L14. L28: white solid, 41% yieldm.p. 214-216 °C*H NMR (300 MHz,ds-DMS0) §
8.46 — 8.24 (m, 2H), 8.19 — 7.94 (m, 2H), 7.65537(m, 1H), 7.53 — 7.26 (m, 4H),
7.27 — 7.10 (m, 1H), 4.68 (s, 1H), 4.03 (s, 2H523(s, 2H), 2.61 — 2.53 (m, 2H), 2.45
—2.27 (m, 2H), 1.75 — 1.52 (m, 2H), 1.49 — 1.31 2). ESI-MS: m/z 512.2 [M+H]
LC tr: 2.580 min, purity 97.52%.

4.1.29
5-((1-(4-bromobenzyl)-4-hydroxypiperidin-4-yl)methnl -(4-fluorophenyl)-1,5-dihy
dro-4H-pyrazolo[3,4-d]pyrimidin-4-ond_29)

CompoundL29 was prepared according to the procedure described@¢dmpound
L14. L29: white solid, 72% yieldm.p. 208-210 °C*H NMR (300 MHz,ds-DMSO) §
8.35 (s, 1H), 8.33 (s, 1H), 8.13 — 8.01 (m, 2H¥47- 7.37 (m, 4H), 7.31 — 7.21 (m,
2H), 4.65 (s, 1H), 4.02 (s, 2H), 3.43 (s, 2H), 248.42 (m, 2H), 2.34 — 2.19 (m, 2H),
1.65 — 1.51 (m, 2H), 1.44 — 1.35 (m, 2H). ESI-MSzB12.2 [M+H]. LC tz: 1.202
min, purity 95.07%.

4.1.30
2-((4-((1-(4-fluorophenyl)-4-oxo-1,4-dihydro-5H-m@zolo[3,4-d]pyrimidin-5-yl)meth
y)-4-hydroxypiperidin-1-yl)methyl)benzonitrile_80)

CompoundL30 was prepared according to the procedure describeddmpound
L14. L30: white solid, 45% yieldm.p. 184-186 °C*H NMR (300 MHz,ds-DMS0) &
8.44 — 8.26 (m, 2H), 8.14 — 7.99 (m, 2H), 7.84 757(m, 1H), 7.73 — 7.62 (m, 1H),
7.62 — 7.53 (m, 1H), 7.51 — 7.33 (m, 3H), 4.721(3), 4.02 (s, 2H), 3.65 (s, 2H), 2.62
— 2,52 (m, 2H), 2.45 — 2.29 (m, 2H), 1.68 — 1.5Q @hl), 1.49 — 1.33 (m, 2H).
ESI-MS: m/z 459.2 [M+H]. LC tz: 1.211 min, purity 97.71%.

4.1.31
4-((4-((1-(4-fluorophenyl)-4-oxo-1,4-dihydro-5H-@zolo[3,4-d] pyrimidin-5-yl)meth
yl)-4-hydroxypiperidin-1-yl)methyl)benzonitrild_31)

CompoundL31 was prepared according to the procedure described¢dmpound



L14. L31: white solid, 22% yieldm.p. 204-206 °C*H NMR (300 MHz,ds-DMSO) §
8.36 (s, 1H), 8.34 (s, 1H), 8.15 — 8.01 (m, 2HB57 7.70 (m, 2H), 7.58 — 7.34 (m,
4H), 4.68 (s, 1H), 4.02 (s, 2H), 3.55 (s, 2H), 2-62.52 (M, 2H), 2.40 — 2.23 (m, 2H),
1.69 — 1.51 (m, 2H), 1.50 — 1.31 (m, 2H). ESI-MSz#59.2 [M+H]. LC tz: 1.141
min, purity 96.61%.

4.1.32
1-(4-fluorophenyl)-5-((4-hydroxy-1-(4-(trifluoromieyl)benzyl)piperidin-4-yl)methyl)
-1,5-dihydro-4H-pyrazolo[3,4-d]pyrimidin-4-on&32)

Compound_32 was prepared according to the procedure descrdyezbfmpound.1.
L32; white solid, 36% yield. m.p. 177-179 °& NMR (300 MHz,ds.DMSO0) § 8.35
(s, 1H), 8.34 (s, 1H), 8.14 — 8.01 (m, 2H), 7.74.62 (m, 2H), 7.58 — 7.48 (m, 2H),
7.48 — 7.35 (m, 2H), 4.67 (s, 1H), 4.03 (s, 2H563(s, 2H), 2.49 — 2.44 (m, 2H), 2.42
—2.17 (m, 2H), 1.72 — 1.51 (m, 2H), 1.51 — 1.32 ). ESI-MS: m/z 502.2 [M+H]
LC tr: 1.153 min, purity 96.15%.

4.1.33
1-(4-fluorophenyl)-5-((4-hydroxy-1-(2-methylbenzyiperidin-4-yl)methyl)-1,5-dihy
dro-4H-pyrazolo[3,4-d]pyrimidin-4-ond_B83)

CompoundL33 was prepared according to the procedure described@¢dmpound
L14. L33: white solid, 32% yield. m.p. 204-206 °84 NMR (300 MHz,ds-DMSO)

§ 8.36 (s, 2H), 8.07 (dd] = 8.8, 4.8 Hz, 2H), 7.43 (8, = 8.7 Hz, 2H), 7.17 (d] =
24.0 Hz, 4H), 4.68 (s, 1H), 4.03 (s, 2H), 3.4024d), 3.32 (s, 3H), 2.31 (s, 4H), 1.56
(d, J = 8.8 Hz, 2H), 1.39 (dJ = 10.4 Hz, 2H). ESI-MS: m/z 448.2 [M+H]LC tx!
2.364 min, purity 97.34%.

4.1.34
1-(4-fluorophenyl)-5-((4-hydroxy-1-(4-methylbenzyiperidin-4-yl)methyl)-1,5-dihy
dro-4H-pyrazolo[3,4-d]pyrimidin-4-ond_B4)

CompoundL34 was prepared according to the procedure described@¢dmpound



L14. L34: white solid, 60% yieldn.p. 200-202 °C*H NMR (300 MHz,ds-DMSO0) &
8.35 (s, 1H), 8.34 (s, 1H), 8.15 — 7.99 (m, 2HJA7- 7.65 (m, 1H), 7.49 — 7.34 (m,
2H), 7.24 — 7.03 (m, 3H), 4.64 (s, 1H), 4.01 (s),2H41 (s, 2H), 2.49 — 2.42 (m, 2H),
2.38 — 2.12 (m, 5H), 1.65 — 1.54 (m, 2H), 1.43 351(m, 2H). ESI-MS: m/z 448.2
[M+H]*. LC tg: 1.420 min, purity 97.13%.

4.1.35 Methyl
2-((4-((1-(4-fluorophenyl)-4-oxo-1,4-dihydro-5H-m@zolo[3,4-d]pyrimidin-5-yl)meth
yh)-4-hydroxypiperidin-1-yl)methyl)benzoaté& 35)

CompoundL35 was prepared according to the procedure describeddmpound
L14. L35: white solid, 57% yield. m.p. 180-182 °&4 NMR (300 MHz,ds-DMSO)

§ 8.32 (d,J = 5.4 Hz, 2H), 8.05 (dd] = 8.8, 4.9 Hz, 2H), 7.55 (d, = 7.4 Hz, 1H),
7.49 — 7.26 (m, 5H), 4.65 (s, 1H), 3.98 (s, 2H},73(s, 3H), 3.62 (s, 2H), 2.43 — 2.31
(m, 2H), 2.25 (tJ = 9.8 Hz, 2H), 1.50 (t) = 9.8 Hz, 2H), 1.40 — 1.26 (m, 2H).
ESI-MS: m/z 492.2 [M+H]. LC tz: 1.330 min, purity 96.44%.

4.1.36 Methyl
3-((4-((1-(4-fluorophenyl)-4-oxo-1,4-dihydro-5H-m@zolo[3,4-d]pyrimidin-5-yl)meth
yl)-4-hydroxypiperidin-1-yl)methyl)benzoaté&36)

CompoundL36 was prepared according to the procedure described@¢dmpound
L14. L36: white solid, 63% yield. m.p. 158-160 °84 NMR (300 MHz,ds-DMSO)
$ 8.33 (d,J = 3.5 Hz, 2H), 8.05 (dd] = 8.8, 4.9 Hz, 2H), 7.88 (s, 1H), 7.82 {d; 7.4
Hz, 1H), 7.55 (dJ) = 7.2 Hz, 1H), 7.50 — 7.32 (m, 3H), 4.65 (s, 144)1 (s, 2H), 3.84
(s, 3H), 3.51 (s, 2H), 2.49 (s, 2H), 2.30 Jd 9.8 Hz, 2H), 1.57 (d] = 9.6 Hz, 2H),
1.47 — 1.28 (m, 2H). ESI-MS: m/z 492.3 [M¥HLC tz: 1.146 min, purity 97.29%.

4.1.37 Methyl
4-((4-((1-(4-fluorophenyl)-4-oxo-1,4-dihydro-5H-m@zolo[3,4-d]pyrimidin-5-yl)meth
y)-4-hydroxypiperidin-1-yl)methyl)benzoat&37)

CompoundL37 was prepared according to the procedure describeddmpound

L14. L24: white solid, 57% yield. m.p. 186-188 °&4 NMR (300 MHz,ds-DMSO)



6 8.33 (d,J = 2.5 Hz, 2H), 8.05 (dd] = 8.6, 4.8 Hz, 2H), 7.89 (d,= 7.8 Hz, 2H),
7.49 — 7.31 (m, 4H), 4.65 (s, 1H), 4.01 (s, 2H323(s, 3H), 3.52 (s, 2H), 2.49 (s, 2H),
2.29 (t,J = 9.9 Hz, 2H), 1.60 () = 10.1 Hz, 2H), 1.47 — 1.30 (m, 2H). ESI-MS: m/z
492.3 [M+HJ'. LC tz: 1.133 min, purity 98.15%.

4.1.38
5-((1-(3,5-difluorobenzyl)-4-hydroxypiperidin-4-yhethyl)-1-(4-fluorophenyl)-1,5-di
hydro-4H-pyrazolo[3,4-d]pyrimidin-4-oné.88)

CompoundL38 was prepared according to the procedure described@¢dmpound
L14. L38: white solid, 77% yield. m.p. 206-208 °84 NMR (300 MHz,ds-DMSO)

§ 8.35 (s, 1H), 8.32 (s, 1H), 8.14 — 8.01 (m, 2H337- 7.28 (m, 3H), 7.16 — 7.00 (m,
2H), 4.63 (s, 1H), 3.99 (s, 2H), 3.56 (s, 2H), 24845 (m, 2H), 2.44 — 2.19 (m, 2H),
1.66 — 1.46 (m, 2H), 1.46 — 1.31 (m, 2H). ESI-MSz@70.3[M+H]. LC t: 0.922
min, purity 97.13%.

4.1.39
5-((1-(2,6-dichlorobenzyl)-4-hydroxypiperidin-4-gyethyl)-1-(4-fluorophenyl)-1,5-di
hydro-4H-pyrazolo[3,4-d]pyrimidin-4-oné.89)

CompoundL39 was prepared according to the procedure describeddmpound
L14. L39: white solid, 42% yield. m.p. 242-244 °&4 NMR (300 MHz,ds-DMSO)

$ 8.34 (d,J = 6.9 Hz, 2H), 8.07 (dd} = 8.8, 4.9 Hz, 2H), 7.50 — 7.26 (m, 5H), 4.69 (s,
1H), 4.00 (s, 2H), 3.66 (s, 2H), 2.50 — 2.36 (M),4H62 — 1.44 (m, 2H), 1.43 — 1.31
(m, 2H). ESI-MS: m/z 502.2 [M+H] LC tz:1.636 min, purity 95.79%.

4.1.40
5-((1-(2-chloro-4-fluorobenzyl)-4-hydroxypiperididryl)methyl)-1-(4-fluorophenyl)-
1,5-dihydro-4H-pyrazolo[3,4-d]pyrimidin-4-on&40)

CompoundL40 was prepared according to the procedure describeddmpound
L14. L40: white solid, 46% yield. m.p. 214-216 °&4 NMR (300 MHz,ds-DMSO)
§ 8.36 (s, 1H), 8.34 (s, 1H), 8.14 — 7.98 (m, 2HJ.77- 7.32 (m, 4H), 7.27 — 7.12 (m,
1H), 4.69 (s, 1H), 4.03 (s, 2H), 3.51 (s, 2H), 262.51 (M, 2H), 2.43 — 2.28 (m, 2H),



1.66 — 1.54 (m, 2H), 1.44 — 1.34 (m, 2H). ESI-MSz @86.2 [M+H]. LC t&: 1.255
min, purity 95.59%.

4.1.41
5-((1-(2,4-dichlorobenzyl)-4-hydroxypiperidin-4-gyhethyl)-1-(4-fluorophenyl)-1,5-di
hydro-4H-pyrazolo[3,4-d]pyrimidin-4-ond.41)

CompoundL41 was prepared according to the procedure described@¢dmpound
L14. L41: white solid, 47% yield. m.p. 198-200 °84 NMR (300 MHz,ds-DMSO)

§ 8.45 — 8.26 (M, 2H), 8.16 — 7.96 (m, 2H), 7.67.267m, 5H), 4.69 (s, 1H), 4.04 (s,
2H), 3.53 (s, 2H), 2.61 — 2.51 (m, 2H), 2.45 — A®5 2H), 1.77 — 1.53 (m, 2H), 1.53
—1.33 (m, 2H). ESI-MS: m/z 502.2 [M+H]LC tg: 1.716 min, purity >99%.

4.1.42
5-((1-(4-bromo-2-chlorobenzyl)-4-hydroxypiperidiryymethyl)-1-(4-fluorophenyl)-
1,5-dihydro-4H-pyrazolo[3,4-d]pyrimidin-4-on&42)

CompoundL42 was prepared according to the procedure described@¢dmpound
L14. L42: white solid, 40% yield. m.p. 184-186 °84 NMR (300 MHz,ds-DMSO)

§ 8.36 (s, 1H), 8.34 (s, 1H), 8.13 — 8.00 (M, 2HJA7- 7.62 (m, 1H), 7.58 — 7.49 (m,
1H), 7.49 — 7.36 (m, 3H), 4.70 (s, 1H), 4.03 (s), 451 (s, 2H), 2.62 — 2.52 (m, 2H),
2.44 — 222 (m, 2H), 1.74 — 1.52 (m, 2H), 1.53 331(m, 2H). ESI-MS: m/z
546.1[M+H]". LC tz: 1.853 min, purity 95.09%.

4.1.43 Methyl
3-fluoro-4-((4-((1-(4-fluorophenyl)-4-oxo-1,4-dihya-5H-pyrazolo[3,4-d]pyrimidin-
5-yl)methyl)-4-hydroxypiperidin-1-yl)methyl)benz@af_43)

CompoundL43 was prepared according to the procedure describeddmpound
L14. L43: white solid, 32% yield. m.p. 185-187 °&4 NMR (300 MHz,ds-DMSO)

§ 8.36 (s, 1H), 8.34 (s, 1H), 8.17 — 8.00 (M, 2H377 7.72 (m, 1H), 7.74 — 7.54 (m,
2H), 7.51 — 7.31 (m, 2H), 4.68 (s, 1H), 4.02 (s),2H86 (s, 3H), 3.58 (s, 2H), 2.63 —
2.52 (m, 2H), 2.42 — 2.19 (m, 2H), 1.72 — 1.54 2#), 1.48 — 1.31 (m, 2H). ESI-MS:
m/z 510.2[M+HJ. LC tz: 0.671 min, purity > 99%.



4.1.44 Methyl
3-chloro-4-((4-((1-(4-fluorophenyl)-4-oxo-1,4-dihsat5H-pyrazolo[3,4-d]pyrimidin-
5-yl)methyl)-4-hydroxypiperidin-1-yl)methyl)benz@af_44)

CompoundL44 was prepared according to the procedure describeddmpound
L14. L44: white solid, 50% yield. m.p. 168-170 °&4 NMR (300 MHz,ds-DMSO)

$ 8.35 (d,J = 3.0 Hz, 2H), 8.07 (dd} = 8.7, 4.8 Hz, 2H), 7.99 — 7.85 (m, 2H), 7.66 (d,
J=8.3 Hz, 1H), 7.42 (§ = 8.7 Hz, 2H), 4.71 (s, 1H), 4.03 (s, 2H), 3.86314), 3.61
(s, 2H), 2.62 — 2.52 (m, 2H), 2.45 — 2.33 (m, 2H}3 — 1.55 (m, 2H), 1.49 — 1.35 (m,
2H). ESI-MS: m/z 526.2 [M+H] LC tz: 0.865 min, purity > 99%.

4.1.45 Methyl
3-bromo-4-((4-((1-(4-fluorophenyl)-4-oxo-1,4-dihydbH-pyrazolo[3,4-d]pyrimidin-
5-yl)methyl)-4-hydroxypiperidin-1-yl)methyl)benz@ad_45)

CompoundL45 was prepared according to the procedure described@¢dmpound
L14. L45: white solid, 49% yield. m.p. 133-135 °t& NMR (300 MHz,ds.DMSO) §
8.36 (s, 1H), 8.35 (s, 1H), 8.13 — 8.03 (m, 3HY97- 7.92 (m, 1H), 7.69 — 7.62 (m,
1H), 7.48 — 7.37 (m, 2H), 4.72 (s, 1H), 4.04 (s),2486 (s, 3H), 3.59 (s, 2H), 2.65 —
2.54 (m, 2H), 2.45 — 2.32 (m, 2H), 1.73 — 1.57 2#), 1.50 — 1.35 (m, 2H). ESI-MS:
m/z 570.1[M+HJ. LC tz: 0.931 min, purity > 99%.

4.1.46
5-((1-(4-chloro-2-(trifluoromethyl)benzyl)-4-hydrggiperidin-4-yl)methyl)-1-(4-fluo
rophenyl)-1,5-dihydro-4H-pyrazolo[3,4-d]pyrimidinghe (46)

CompoundL46 was prepared according to the procedure described@¢dmpound
L14. L46: white solid, 86% yield. m.p. 198-200 °84 NMR (300 MHz,ds-DMSO)
$ 8.35 (d,J = 3.7 Hz, 2H), 8.17 — 7.99 (m, 2H), 7.86 — 7.78 ), 7.78 — 7.68 (m,
2H), 7.42 (tJ = 8.7 Hz, 2H), 4.71 (s, 1H), 4.03 (s, 2H), 3.582d), 2.56 — 2.50 (m,
2H), 2.40 — 2.21 (m, 2H), 1.76 — 1.52 (m, 2H), 1-50.32 (m, 2H). ESI-MS: m/z
536.2 [M+HT". LC tx: 1.511 min, purity 98.25%.

4.1.47



5-chloro-2-((4-((1-(4-fluorophenyl)-4-oxo-1,4-dihgat5H-pyrazolo[3,4-d]pyrimidin-
5-yl)methyl)-4-hydroxypiperidin-1-yl)methyl)benzdrile (L47)

CompoundL47 was prepared according to the procedure described@¢dmpound
L14. L47: white solid, 44% yield. m.p. 208-210 °84 NMR (300 MHz,ds-DMSO)

§ 8.35 (s, 1H), 8.34 (s, 1H), 8.12 — 8.02 (m, 2H)18- 7.95 (m, 1H), 7.78 — 7.70 (m,
1H), 7.62 — 7.56 (m, 1H), 7.47 — 7.37 (m, 2H), 430LH), 4.02 (s, 2H), 3.61 (s, 2H),
2.57 — 2.51 (m, 2H), 2.44 — 2.32 (m, 2H), 1.68501(m, 2H), 1.48 — 1.32 (m, 2H).
ESI-MS: m/z 515.2[M+Na] LC tz: 0.727 min, purity > 99%.

4.1.48
3-bromo-4-((4-((1-(4-fluorophenyl)-4-oxo-1,4-dihydbH-pyrazolo[3,4-d]pyrimidin-
5-yl)methyl)-4-hydroxypiperidin-1-yl)methyl)benzarile (L48)

CompoundL48 was prepared according to the procedure describeddmpound
L14. L48: white solid, 64% yield. m.p. 228-230 °@&4 NMR (300 MHz,ds-DMSO)

§ 8.34 (s, 2H), 8.14 (s, 1H), 8.12 — 7.99 (m, 2H357(d,J = 7.8 Hz, 1H), 7.67 (d] =
7.8 Hz, 1H), 7.42 (t) = 8.3 Hz, 2H), 4.71 (s, 1H), 4.03 (s, 2H), 3.582), 2.61 —
2.51 (m, 2H), 2.46 — 2.30 (m, 2H), 1.73 — 1.53 2#), 1.51 — 1.34 (m, 2H). ESI-MS:
m/z 537.2 539.2 [M+H] LC tz: 1.558 min, purity 96.17%.

4.1.49
3-chloro-4-((4-((1-(4-fluorophenyl)-4-oxo-1,4-dihgat5H-pyrazolo[3,4-d]pyrimidin-
5-yl)methyl)-4-hydroxypiperidin-1-yl)methyl)benz@ad_49)

CompoundL49 was prepared according to the procedure described@¢dmpound
L14. L49: white solid, 58% yield. m.p. 168-170 & NMR (300 MHz,ds-DMSO) §
8.34 (d,J = 3.6 Hz, 2H), 8.06 (dd = 9.1, 4.9 Hz, 2H), 7.95 — 7.82 (m, 2H), 7.65d,
= 8.4 Hz, 1H), 7.41 () = 8.8 Hz, 2H), 4.70 (s, 1H), 4.31 (&= 7.1 Hz, 2H), 4.03 (s,
2H), 3.60 (s, 2H), 2.54 (d,= 11.5 Hz, 2H), 2.38 (] = 10.1 Hz, 2H), 1.63 (1= 10.4
Hz, 2H), 1.41 (dJ = 13.1 Hz, 2H), 1.31 (&) = 7.1 Hz, 3H). ESI-MS: m/z 562.2
[M+Na]®. LC tz: 1.047 min, purity > 99%.

4.1.50



3-chloro-4-((4-((1-(4-fluorophenyl)-4-oxo-1,4-dihgat5H-pyrazolo[3,4-d]pyrimidin-
5-yl)methyl)-4-hydroxypiperidin-1-yl)methyl)benzoacid (50)

To the solution ofL44 (50 mg, 0.095 mmol) in MeOH (2 mL) was added 50%
NH2OH aqueous solution (2 mL). The resulting mixtugsvneated in a sealed tube at
90 °C for 5 h and concentrated under reduced pres$he residue was purified by
column chromatography (silica gel, DCM : MeOH =5 to give compountd50 (35
mg, 73% yield) as a white solid. m.p. 206-208 #&.NMR (300 MHz,ds-DMSO) &
8.35 (d,J = 3.4 Hz, 2H), 8.06 (dd] = 9.0, 4.8 Hz, 2H), 7.89 (s, 1H), 7.82 &= 7.9
Hz, 1H), 7.50 — 7.33 (m, 3H), 4.76 (s, 1H), 4.0324d), 3.54 (s, 2H), 2.60 — 2.51 (m,
2H), 2.42 — 2.22 (m, 2H), 1.73 — 1.52 (m, 2H), 1-48.33 (m, 2H). ESI-MS: m/z
512.2 [M+HT". LC tx: 0.384 min, purity 98.21%.

4.1.51
3-chloro-4-((4-((1-(4-fluorophenyl)-4-oxo-1,4-dihgat5H-pyrazolo[3,4-d]pyrimidin-
5-yl)methyl)-4-hydroxypiperidin-1-yl)methyl)benzada (51)

To the solution ofL50 (30 mg, 0.059 mmol) in DCM (3 mL) was added oxalyl
chloride (110 pL, 1.3 mmol) and 1 drop of DMF. Tiesulting solution was stirred at
room temperature for 1.5 h and concentrated. Tsidue was dissolved in DCM (2.5
mL) and added dropwise to ammonia methanol solut®omL). The solution was
stirred for 2 h and concentrated. The residue waigd by column chromatography
(silica gel, DCM : MeOH = 10 : 1) to give compouh8l (9 mg, 30% yield) as a
white solid. m.p. 250-252 °GH NMR (300 MHz,ds-DMSO0) 5 8.36 (s, 1H), 8.35 (s,
1H), 8.18 — 7.98 (m, 3H), 7.91 (s, 1H), 7.82J& 7.9 Hz, 1H), 7.57 (d] = 7.9 Hz,
1H), 7.51 — 7.37 (m, 3H), 4.70 (s, 1H), 4.04 (s),459 (s, 2H), 2.64 — 2.53 (m, 2H),
2.38 (t,J = 10.2 Hz, 2H), 1.63 (1] = 10.0 Hz, 2H), 1.51 — 1.33 (m, 2H). ESI-MS: m/z
511.2 [M+HT". LC tx: 0.881 min, purity 97.95%.

4.1.52
3-chloro-4-((4-((1-(4-fluorophenyl)-4-oxo-1,4-dihgat5H-pyrazolo[3,4-d]pyrimidin-
5-yl)methyl)-4-hydroxypiperidin-1-yl)methyl)-N-meytbenzamide l(52)



To the solution o£.50 (35 mg, 0.068 mmolin DMF (4 mL) was added DIPEA (45
puL, 0.272 mmol) and HATU (28 mg, 0.0748 mmol). Timéxture was stirred at
ambient temperature for 15 min in a sealed tubethEosolution was added 27%
methylamine EtOH solution (1 mL). After stirringrf@8 h, the reaction was quenched
by the addition of KO (10 mL), and the mixture was extracted with ethgttate
(3%10 mL). The combined organic layers were washwéd water and dried over
NaSQy. After removal of solvent by evaporation, the @ymtoduct was purified by
column chromatography (silica gel, DCM : ¢bH = 30 : 1) to give compoundb2
(14 mg, 40% yield) as a white solid. 40% yield. n2p2-224 °C'*H NMR (300 MHz,
ds-DMSO0) 5 8.50 (s, 1H), 8.34 (d] = 4.0 Hz, 2H), 8.15 — 8.00 (m, 2H), 7.85 (s, 1H),
7.77 (d,J = 7.1 Hz, 1H), 7.56 (d] = 8.0 Hz, 1H), 7.42 (t) = 8.8 Hz, 2H), 4.69 (s,
1H), 4.03 (s, 2H), 3.57 (s, 2H), 2.77 (t= 4.0 Hz, 3H), 2.62 — 2.50 (m, 2H), 2.44 —
2.24 (m, 2H), 1.77 — 1.54 (m, 2H), 1.50 — 1.34 ). ESI-MS: m/z 525.4 [M+H]

LC tr: 1.020 min, purity 95.06%.

4.1.53
3-chloro-4-((4-((1-(4-fluorophenyl)-4-oxo-1,4-dihgat5H-pyrazolo[3,4-d]pyrimidin-
5-yl)methyl)-4-hydroxypiperidin-1-yl)methyl)-N-hydxybenzamidel(53)

CompoundL53 was prepared according to the procedure described@¢dmpound
L51. L53: light yellow solid, 31% yield. m.p. 228-230 °é4 NMR (300 MHz,
de-DMSO+D,0) & 8.35 (d,J = 8.5 Hz, 2H), 8.02 (dd] = 9.0, 4.9 Hz, 2H), 7.85 (d,

= 9.3 Hz, 2H), 7.77 (d] = 7.9 Hz, 1H), 7.40 (1] = 8.8 Hz, 2H), 4.41 (s, 2H), 4.08 (s,
2H), 3.18 (dJ = 18.4 Hz, 4H), 1.94 (1] = 10.7 Hz, 2H), 1.63 (d] = 14.0 Hz, 2H).
ESI-MS: m/z 527.3 [M+H]. LC tz: 1.611 min, purity 96.93%.

4.1.54 Methyl
4-((4-((3-bromo-2-methyl-7-oxo0-2,7-dihydro-6 H-pyma[4,3-d]pyrimidin-6-yl)meth
y)-4-hydroxypiperidin-1-yl)methyl)-3-chlorobenz@afl 2)

Compoundl2 was prepared according to the procedure descrdretbmpound._14.
12: white solid, 32% yieldm.p. 218-220 °C*H NMR (300 MHz,ds-DMSO) & 8.03



(s, 1H), 7.98 — 7.84 (m, 2H), 7.65 (= 8.4 Hz, 1H), 4.66 (s, 1H), 4.06 (s, 3H), 3.96
(s, 2H), 3.85 (s, 3H), 3.59 (s, 2H), 2.59 — 2.50 @), 2.43 — 2.29 (m, 2H), 1.65 —
1.52 (m, 2H), 1.46 — 1.33 (m, 2H). ESI-MS: m/z M+H]*. LC tz: 0.996 min,
purity 98.59%.

4.1.55 Methyl
4-((4-((3-(4-(((tert-butoxycarbonyl)amino)methyl gyl)-2-methyl-7-ox0-2,7-dihydr
0-6H-pyrazolo[4,3-d]pyrimidin-6-yl)methyl)-4-hydrgpiperidin-1-yl)methyl)-3-chlo

robenzoatel(7)

A mixture of 12 (164 mg, 0.31 mmol)13 (120 mg, 0.36 mmol), Pd(PBh (11 mg,
0.0093 mmol) and ¥COs (128 mg, 0.93 mmol) in DMF (3 mL) was degassedeurad
vacuum and refilled with Nthree times. The mixture was heated at 110nder a N
atmosphere for 19 h. After cooling to room tempatthe mixture was partitioned
in water (9 mL) and EtOAc (10 mL). The organic layeas collected, and the
aqueous layer was extracted with EtOAc (3 x 10 nTle combined organic layers
were dried over N&O;, concentrated in a vacuum and purified by column
chromatography (silica gel, DCM : MeOH = 20 : 1)gige compound.7 (141 mg, 60%
yield) as a white solidn.p. 168-170 °C*H NMR (300 MHz,ds-DMSO) & 8.00 (s,
1H), 7.98 — 7.85 (m, 2H), 7.76 — 7.59 (m, 3H), 7-5.35 (m, 3H), 4.67 (s, 1H), 4.22
(d, J = 5.9 Hz, 2H), 4.10 (s, 3H), 4.00 (s, 2H), 3.873), 3.62 (s, 2H), 2.66 — 2.52
(m, 2H), 2.40 (tJ = 10.1 Hz, 2H), 1.63 (§ = 10.0 Hz, 2H), 1.42 (s, 11H). ESI-MS:
m/z 651.4 [M+H]. LC tr: 0.737 min, purity 96.24%.

4.1.56 Methyl
4-((4-((3-(4-(acetamidomethyl)phenyl)-2-methyl-7ea®,7-dihydro-6H-pyrazolo[4,3-
d]pyrimidin-6-yl)methyl)-4-hydroxypiperidin-1-yl)ntayl)-3-chlorobenzoatd 64)

Compound_54 was prepared according to the procedure descrirecbinpoundL?.
L54: white solid, 65% yield. m.p. 117-119 °& NMR (300 MHz,ds-DMSO) 6 8.41
(t, J=5.8 Hz, 1H), 7.99 (s, 1H), 7.89 @@= 4.8 Hz, 2H), 7.80 — 7.60 (m, 3H), 7.43 (d,
J=8.1Hz, 2H), 4.65 (s, 1H), 4.33 (@= 5.9 Hz, 2H), 4.08 (s, 3H), 3.98 (s, 2H), 3.85



(s, 3H), 3.60 (s, 2H), 2.63 — 2.52 (m, 2H), 2.48.32 (m, 2H), 1.89 (s, 3H), 1.73 —
1.55 (m, 2H), 1.51 — 1.34 (m, 2H). ESI-MS: m/z aVI+H]". LC tz: 0.914 min,
purity 95.86%.

4.1.57
4-((3-(4-(ammoniomethyl)phenyl)-2-methyl-7-oxo-2jilrydro-6H-pyrazolo[4,3-d]py
rimidin-6-yl)methyl)-1-(2-chloro-4-(methoxycarbonpkenzyl)-4-hydroxypiperidin-1-i

um 2,2,2-trifluoroacetatd_g5)

To a solution ofL7 (59 mg, 0.0091 mmol) in DCM (4 mL) was added twfloacetic
acid (400 pL) at 0 °C. The mixture was stirred 3on and concentrated. The residue
was suspended in EtOAc (2 mL) and stirred for 4t htaThe precipitates were
collected by filtration and dried under a vacuungice compound.55 (56 mg, 79%
yield) as a light yellow solidn.p. 133-135 °C*H NMR (300 MHz,ds-DMS0) 5 9.69
(s, 1H), 8.34 (s, 3H), 8.12 — 7.94 (m, 3H), 7.92.82 (m, 1H), 7.77 (d) = 7.6 Hz,
2H), 7.66 (d,J = 7.7 Hz, 2H), 5.32 (s, 1H), 4.54 (s, 2H), 4.142H), 4.12 (s, 3H),
4.04 (s, 2H), 3.89 (s, 3H), 2.63 — 2.50 (m, 2HY61- 1.80 (m, 2H), 1.77 — 1.55 (m,
2H), 1.35 — 1.20 (m, 2H):*C NMR (75 MHz, ds-DMSO) & ppm 165.10, 159.15,
158.68, 156.66, 147.82, 135.35, 134.53, 130.06,702918.20, 114.33, 73.51, 68.87,
67.56, 58.24, 56.22, 56.20, 56.17, 53.39, 53.144812.48, 40.09, 31.92. ESI-MS:
m/z 551.3 [M-2CECOOH+H]". LC tz: 0.941 min, purity 98.11%.

4.2 USP7 enzyme inhibition assay

The inhibitory activity of compounds against USPasvdetermined according to a
previously described metholl. Briefly, test compounds were prepared in DMSO
with a 1:3 serial dilution starting from 250 pM. &y the prepared compound
solution or vehicle control (DMSO) was added to risaction buffer (50 mM HEPES,
0.5 mM EDTA, 100 mM NaCl, 1 mM TCEP, 0.1 mg/mL BSpH 8.0) containing
full-length USP7 (#U-519, Boston Biochem). Aftercidation for 30 min at room
temperature in the dark, the reaction system wamted by addition of Ub-Rho

(Boston Biochem 1QuL, 50 nM) in a white 384-well plate (Thermo Scidiai



264706). The plate was incubated for another 2nk, the fluorescence intensity
(excitation = 485 nm; emission = 535 nm) was meabuusing an automated
microplate spectrophotometer (EnSpire, PerkinElme€x), values were calculated by

curve fits using GraphPderism software.

4.3 X-ray crystallography

The constructs of the USP7 catalytic domains (88-360 for Ky measurement
and aa. 208-554 for X-ray crystallography) in tl&@8a vector were expressed in E.
coli Rosetta (DE3) cells. The proteins were inifigburified by Ni-NTA affinity
chromatography and anion exchange chromatograptigwied by size exclusion
chromatography in PBS buffer containing 0.02% Twgerfor K measurement and
in a running buffer of 20 mM Tris-HCI, pH 8.0, 16GM NaCl, and 4 mM TCEP for
X-ray crystallography, respectively.

The X-ray crystallographic study of the USP7 catalgomain (aa. 208-554) in
complex with inhibitors was performed accordinghe method described by Lorna
et al®. Briefly, USP7 catalytic domain crystals were groty hanging-drop vapor
diffusion of the protein solution and an equal wvo& of reservoir solution.
Co-crystals of USP7 with compouh85 were obtained by soaking the above crystals
with compoundL55. The crystals were cryoprotected and flash-frorediquid
nitrogen for diffraction data collection on the Xyrcrystallography facility platform
at the National Protein Research Facility (Tsingh@ase. Data collection and

refinement statistics are shown in Table S6 (se&ting Information).

4.4 Kp Measurement

The affinity of compound binding to the USP7 catialglomain (aa. 208-560) was
examined on an Octet RED96 (FortéBio). Briefly, USKas conjugated to biotin in
PBS buffer containing 0.02% Tween 20 and immohdizeto Super Streptavidin
(SSA) biosensors. Then, three steps were conducte8S buffer containing 0.02%
Tween 20, 0.1% BSA and 0.4% DMSO: (1) baseline mdipn (600 s), (2)

association (120 s) for the measurement gfdfd (3) dissociation (180 s) forpK



measurement. All the steps were performed at 30AtQeast four concentrations of
compounds were used for detection. The associatidrdissociation plots and kinetic

constants (l§ Kq, and Kp) were obtained with FortéBio data analysis sofewar

4.5 Cell viability assay

Tumor cells were seeded at an appropriate deldNZ &P, 2500 cells/well; RS4;11,
5000 cells/well; HCT-116, Huh7, K562 and NB4, 2@@lis/well) into 96-well plates.
After 24 h, the cells were treated with differemincentrations of compounds for
specific times (LNCaP, 6 days; RS4;11, HCT-116, Huk562 and NB4, 3 days).
Cell viability was determined using the CellTiteleGassay with an automated
microplate spectrophotometer (EnSpire, PerkinEImiZ), values were calculated

with GraphPad Prism version 5.0.
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Highlights

Fifty-five piperidinol derivatives were synthesized and biologically evaluated.
Compound L 55 exhibited potent USP7 inhibitory activity (ICso = 40.8 nM).
X-ray crystallographic studies revealed a new pose for L 55 to bind to USP7.

L 55 downregulated MDM2 and DNMT1 and upregulated p53 and p21 in R$4;11
cells.

LNCaP (ICsp = 29.6 nM) and R$4;11 (1Csp = 41.6 nM) were highly sensitive to
L 55.
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