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1. Table S1. Green synthesis of 4k/40

N
Bn

3d,R"=5-Br 5b 4k, R' = 8-Br

3h,R'=7-F 40, R'=6-F
Reactant Product Temp. Time Yield

Entry Solvent

4 (GO I (1) B O

1 3d 4k H.O/Acetone (2:1) 60 12 73

2 3d 4k H.O/THF (2:1) 65 12 90

3 3h 40 H.O/Acetone (2:1) 60 12 68

4 3h 40 H.O/THF (2:1) 65 12 88

& Reaction conditions: the reactions were performed in a round-bottom flask on a 0.25

mmol scale of 3d/ 3h and 0.3 mmol scale of 5b in solvent (3 mL). THF =

Tetrahydrofuran. DME = 1,2-dimethoxyethane.



2. Table S2. Cell growth inhibition of the pyrazolo-[1,5-c]quinazolinone derivatives

on A549 cells, MDA-MB-231 cells, U87 cells and HepG2 cells (30 uM).

R2
Inhibition Rate
Comp. R? R? R® Asag  MDA-MB- Ug7 HepG2
231
4a H Bn MeO 34%+% 11%43% 30%% 14%=5%
4b 9-F Bn MeO 24%35% 12%43% 9%40% 37%35%
4c 9-Cl Bn MeO 30%+4% 24%+% nd. 8%x%
4d 9-Br Bn MeO 32%44% 11%2% 34%H% 7%23%
4e 9-NO2 Bn MeO 22%+3% 27%3% 21%H% -1%+2%
4f 9-Me Bn MeO 44%43% 37%H4% 37%H% 4%R2%
4q 9-OMe Bn MeO 45%2% 41%46% 12%25% 18%+H%
4h H Bn EtO 53%42% 14%=42% 1%2%  2%30%
4i 9-F Bn EtO 63%+2% 29%45%  -2%H% 0%=23%
4j 9-Cl Bn EtO 47%H% 14%43% 52%H11% -2%31%
4k 9-Br Bn EtO 41%43% 40%45%  48%4% 5%H%
41 9-NO> Bn EtO 18%=+4% 11%45%  16%35% 11%+2%
4m 9-Me Bn EtO T7%2% 23%3% 38%3% -1%35%
4n 9-OMe Bn EtO 66%42% 54%% 19%38% 13%+3%
40 7-F Bn EtO 19%45% 38%H4% 22%H% S5%E2%
4p 8,10-2F Bn EtO 40%26% 29%+5%  -7%H% -1%33%
4q H Me EtO 46%+2% 23%+4% 2%2% 24%16%
4r H BOC EtO 48%43% 13%2%  13%3% 24%36%
4s H H EtO 30%15% 13%=43% 2%2%  2%3%
4t H H MeO 35%+3% 11%4+4% 10%+%  5%3%



4u 9-F Bn Ph 27%48%
4v H Bn Ph 31%+H%
5-Fu 69%+1%
Abe 83%+1%

15%+4%
60%37%
58%44%

88%+1%

20%34%
25%46%
n.d.

86%+1%

17%35%
88%43%
58%+1%

86%+1%

& Cells were treated with compounds at the concentration of 30 uM for 72 h, the data

represent mean =SD (n = 3). 5-Fluorouracil (5-Fu) and Abemaciclib (Abe) were used

as positive controls. n.d.: not determined.



3. Figure S1. Compound ICso data for CDK9 inhibition.
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4. Figure S2. The ProTox-II toxicity profiles for compounds 4a — 4v.
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5. Figure S3.Copies of NMR Spectra and HRMS Spectra for compounds 4a — 4v
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I +TOF MS: Exp 1, 0.2365 min from Sample 18 (XuF01-RE4) of Xul¥221124-FO1 wiff Max. 6624 cpa.
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Compound 4b
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+TOF MS: Exp 1. 0.2344 min from Sample 19 (XuF01-RES) of XuJ¥221124-FO1.wiff Max. 9.5e4 cps.
=5 736344301 50663480e-004, t0=1. 682203 142344504 10e+000 (DuoSpray ()
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+TOF MS: Exp 1. 0.2152 min from Sample 32 (XuF01-RT0-5C1) of XuJY221124-FO1 wiff Max. 3.0e5 cps.
=5 736422043337 53520e-004, t0=1 608243 76062568040e+000 (DuoSpray ()
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Compound 4d
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I +TOF ME: Exp 1, 0.1389 min from Sample 21 (XuF01-REE) of XudY221124-FO 1 wiff Max. 1.3e5 cpa.

=5 73633154282262030e-004, t0=1 678581047 80612340e+000 (DuoSpray ()
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Compound 4e
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+TOF MS: Exp 1. 0.1397 min from Sample 24 (XuF01-RED) of XuJ¥221124-FO1.wiff Max. 3.325 cps.
=5 73633154282262030e-004, t0=1 678581047 80612340e+000 (DuoSpray ()
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Compound 4f
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+TOF MS: Exp 1. 0.1389 min from Sample 23 (XuF01-RE8) of XuJ¥221124-FO1.wiff Max. 1.9e5 cps.
=5 73633154282262030e-004, t0=1 678581047 80612340e+000 (DuoSpray ()
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I +TOF ME: Exp 1. 0.1372 min from Sample 22 (XuF01-RET ) of XudY221124-FO 1 wiff Max. 2.3a5 cps.

=5 73633154282262030e-004, t0=1 678581047 80612340e+000 (DuoSpray ()
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I +TOF MS: Exp 1, 0.1278 min from Sample 1 (XuST-1-b) of XuJd¥221124-FO1 wiff Max. 5.725 cps.

a=5.T36335072635157 10e-004, 10=1.640521730149567T0e+000 (DuwoSpray ())
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+TOF ME: Exp 1. 0.1140 min from Sample 33 (XuF01-R38) of XuJY221124-FO 1 wiff Max. 4.8e5 cpa.
8=5.73642204333753520e-004, 10=1 688243 T6062588040+000 (DuoSpray ()
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I +TOF ME: Exp 1, 0.167€ min from Sample 15 (XuF01-Rdd ) of XudY221124-F0 1 wiff

=5 736344301 50663480e-004, t0=1. 682203 142344504 10e+000 (DuoSpray ()
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+TOF MS: Exp 1, 0.1640 min from Sample 8 (XuF01-R30-58r) of XuJ¥221124-F01wiff Max. 2.525 cps.
=5 736335072635 157 10e-004, t0=1.64052178014956770+000 (DuoSpray ()
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+TOF ME: Exp 1. 0.1139 min from Sample 14 (XuF01-R43) of XudY221124-F0 1 wiff Max. 1.7e5 cpa.
8=5.736344 301 506634 80e-004, 10=1.682203 142344504 10e+000 (DuoSpray ()

1.7e5 ] 4871234
1.6e5 ]
1.5e5
1.4e5 ]
1.2e5 ]
1.2e5
1.1e5 ]
1.0e5 |

6.0e4

Intenaity, opa

465.1413
B.0ed |

T.0ed |
G.0ed
5.0ed J
4 0ed |
3.0ed
20ed J

' 274273

1.0ed ]

0o TP T | l i ll.J l l.Lll Lhig ut |..1 Loanih N TR T T T
L LA S RS RN S LI S S LN SN S S R | B B B B p
220 240 250 280 300 320 340 360 380 40D 420 440 480 480 500 520 40 560 5BO 600

miz, Da

37



Compound 4m

5

2 2 B 3 s 2 L e k4 3 5 3 o = £ 2 <
$ 5 5 5 . 35 . § S % % 5 % 3 % 3 5 % 7
-1
LE"L o ~b0'9
: 1
or’E g_
2eeT— E— ~P0°E
: o 4
orv o —— = LOP
F4 a4
i4ad
08'5— — -——== F0"Z
80°L
] ' A zZo'L
SV'L i \AM Le'e
LV'L - - 1 A votz
6L 66°0
oz'L
LZ'L

—— —00"}L
eT’L
L
ar'8

3-5lle
single_pulse

XuF01-R4

2=}

Fea

Lo

1 (ppm)

0. 040
0. 038

(0. 036

0. 034

0. 052

0. 030

~0.028

0. 026

(0. 024

0. 022

0. 020

0. 018

0. 016

F0.014

F0.012

(0. 010

(0. 008

£0. 006

0. 004
0. 002
0. 000

0. 002

0. 004

SOV
ic24"
1602

Ve Ly —

v0'Z9
mN.N@v.

8Z0LL
e A"
929511
99°9zZ1
68°LZL
£0'62Z1
vz'eel
ZrEEL
oLvEL
86EL"
ze'egl’
mu.mv_.w
6981
01291~
267291

Me

53!
single pulse decoupled gated NOE

XuF01-R4:

"

£1 (ppm)

38



+TOF MS: Exp 1. 0.1569 min from Sample 16 (XuFD1-R45) of XuJ¥221124-FO1.wiff Max. 3.525 cps.
=5 736344301 50663480e-004, t0=1. 682203 142344504 10e+000 (DuoSpray ()
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+TOF MS: Exp 1, 0.1563 min from Sample 13 (XuF01-R42-5Me0) of XuJY221124-FO1witf Max. 1.825 cps.
=5 736344301 50663480e-004, t0=1. 682203 142344504 10e+000 (DuoSpray ()
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I +TOF MS: Exp 1, 0.1568 min from Sample 11 (XuF01-R40-7F) of XuJ¥221124-FO1 wiff Max. 4.425 cps.

=5 736344301 50663480e-004, t0=1. 682203 142344504 10e+000 (DuoSpray ()

4 deb
460,127

4 0e5
3.5e5
3.0e5

2565

Intenaity, opa

2.0e5

4381454

1.5e5

1.0e5

4794101

5.0e4 40F.154

0.0 " ll. ll[L'.?l’lf=ll l

Lo T T

220 240 250 280 300 320 340 360 380 40D 420 440 480 480 500 520 40 560 5BO 600

miz, Da

43



Compound 4p

F0.6

0.5

F0.4

0.3

0.2

6E°}
Wi
[4
4
L
4

iaad
v
114
6vYy

§6°G— —
6.9
289
289
S8'9-7
889 _
SZT°L

9Z°L

0€°L

LE'L

LEL

€€°L

ve'L

9€°L ﬁ

uF01-R41-46F
single_pulse

...I“H.,.IJM =919

=10"¥)

=z TeEL
- ez
== {0z

S0°L

fo

f1 (ppm)

50

0. 00¢

0. 0043

0. 0040

5

0. 003¢

0. 0030

5

+0. 002

0. 0020

5

+0. 001

0. 0010
0. 0002
0. 0000

5

0. 000;

6071
T4 4d

68°8Y—

(4944 ]
6€°29

58°66
LZ00}
25°00}

LEPLL—
5992 _./
9821
pe6ZL,
SPze _%
L6'EE} \
9L'LEL
L6'PrL
£6°ST1
6L'LSL
ver09l
9k'091

mw.nu_. ﬁ

single pulse decoupled g:

XuF01-R41-46F

]

o

"

20

-10

T
140

f1 (ppm)

44



+TOF ME: Exp 1, 0.1585 min from Sample 12 (XuF01-R41-46F) of XuJ¥221124-F01 wifi Max. 2.1e5 cpa.
8=5.736344 301 506634 80e-004, 10=1.682203 142344504 10e+000 (DuoSpray ()
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+TOF MS: Exp 1, 0.1829 min from Sample § (XuF01-R33) of XuJ¥221124-FO1 wiff Max. 1.825 cps.
=5 736335072635 157 10e-004, t0=1.64052178014956770+000 (DuoSpray ()
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I +TOF M3: Exp 1, 0.1155 t010.1333 min from Sample 5 XuF01-R32) of XuYZ21124=-F01 wiff Max. T.0ed cps.
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+TOF ME: Exp 1, 0.230€ min from Sample 4 (XuF01-R31) of XuJ¥221124-F01 wifi Max. 1.1e5 cpa.
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Figure S4. Copies of HPLC analysis for products 4a — 4v
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7. Biology methods
6.1 Cell Growth Inhibition Assay

The effects of target compounds on cell proliferation were performed by Hainan
Provincial Key Laboratory for Research and Development of Tropical Herbs (Hainan,
China). The U-87 (glioblastoma) cell line was purchased from Procell (Wuhan, China).
The A549 (non-small cell lung cancer), the MDA-MB-231 (breast cancer) and the
HepG2 (hepatocellular carcinoma) cell lines were purchased from Haiyibo Biotech Co.
(Haikou, China). The A549, the U-87, the MDA-MB-231 and the HepG2 cells were
incubated with 10% FBS, 100 U mL ! penicillin and 100 ug mL"! streptomycin at 37 °C
under a humidified atmosphere of 5% CO». The experimental procedure, using A549
cells as an example, involved culturing the cells until they reached the logarithmic
growth phase. At this point, the cells were digested, counted, and diluted to a
concentration of 2x10* cells/mL. The peripheral wells of a 96-well plate were filled
with phosphate buffer solution (PBS) to reduce experimental error caused by edge
evaporation, while the remaining wells were inoculated with 100 pL of cell suspension
and incubated for 24 hours. A 10 mM compound solution in DMSO was diluted to
concentrations of 300/100/60/30/10/1/0.33 uM or 100/33.33/11.11/3.70/1.24/0.41 uM
with growth medium and added to the wells containing cells. The plate was incubated
for 72 hours before the supernatant was gently removed and replaced with 110 pL of
complete medium containing 10% CCK-8. After incubating for an additional hour, the
absorbance (OD) of each well at 450 nm was measured using an enzyme marker.
Similar experimental methods were used for other tumour cells. The anti-proliferative
activity of the compounds on the cells (% inhibition and ICso values) were calculated
using Prism 8.0 and EXCEL software.

6.2 Biochemical kinase activity assay

For the biochemical kinase activity assay, we used the CDK kinase activity assay
developed by Caliper/LabChip EZ Reader (Perkin Elmer, Waltham, MA). The kinase
activity rate and ICso values of CDK2/7/9 were determined using the Mobility Shift
Assay (MSA) platform at Biortus Biosciences. In this protocol, using the CDK9 kinase
activity assay as an example, the concentration of phosphorylated peptide substrate
produced as a fraction of total peptide activity is monitored following an incubation
period of 60 minutes. Compounds 4t and 4n were assayed at concentrations ranging

from 30 uM to 13.7 nM in a series of 3-fold serial dilutions and were incubated with
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CDKO9/Cyclin T1 complex (8 nM), ATP (0.03 mM), and “CDK9tide” peptide substrate
(2 uM) in a buffer comprising 20 mM MES (pH 6.75), 10 mM MgCI2, 0.01% Tween
20, and 0.05 mg/mL BSA.

The procedure involved diluting the compounds (10 mM DMSO stocks) to make 1
mM DMSO stocks, followed by serial dilution to make 0.05 mM DMSO stocks. These
were then diluted with ddH2O and transferred to a 384-well assay plate. CDK9/Cyclin
T1 working solution was added to each well and pre-incubated for 60 minutes before
adding the substrate mix. The plate was incubated at 27 °C for 60 minutes before
quenching the reactions with EDTA and reading on a Caliper EZ Reader II. The ICso
values of CDK9 were calculated using Prism 8.0 and EXCEL software.

8. Insilico study methods

7.1. In silico drug-likeness property and toxicity study

Pharmacokinetics and drug-likeness prediction ACD labs Chemsketch was used for
generation of the chemical structures and SMILES notations of the final pyrazole
derivatives. SMILES notations of the studied compounds were fed into the freely
accessible web server Swiss ADME (http://www.swissadme.ch/) for prediction of the
pharmacokinetic and drug-likeness aspects of the studied compounds [1]. This study
depends on the chemical structure of the compounds which are involved in the
calculation of certain parameters including human gastrointestinal absorption (HIA),
blood-brain barrier (BBB) permeation, substrate, or non-substrate for the permeability
glycoprotein (P-gp), Logky and interaction of molecules with cytochromes P450
isomers (CYP).

For prediction of the possible toxicities like mutagenicity, tumourogenicity irritant
and reproductive effect, SMILES notations of the studied compounds, generated by
ACD labs Chemsketch version 11.01, were fed into another virtual filter Osiris Property
Explorer[2].

7.2. The structure-based kinase profiling of the ProfKin web server works

Kinase profiling is an effective strategy for kinase inhibitor discovery,
polypharmacological drug discovery, and drug repositioning. To fully exploit the
potential of structure-based kinase profiling in these areas, Li’s group developed a

versatile web server called ProfKin. This server is based on an in-house comprehensive
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structural database, KinLigDB, which contains manually curated kinase-ligand
complex structures and associated information[3].

The structure-based kinase profiling approach behind the ProfKin web server works
via integrating molecular docking and interaction fingerprinting methods. We uploaded
the compound 4t (the job ID 22122215005489) for predicting its kinase profile to all
kinase structures, and to visually inspect the predicted binding pose as well as the
superimposition of the predicted pose with the crystal ligand. The detailed results of
ProfKin have been shown in the website (www.lilab-
ecust.cn/profkin/profiling/results/22122215005489).
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