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ABSTRACT

In the current study, we reported a series of novel
1-H-pyrazole-3-carboxamide-based inhibitors targgthistone deacetylase (HDAC)
and cyclin-dependent kinase (CDK). The represemati compounds
N-(4-((2-aminophenyl)carbamoyl)benzyl)-4-(2,6-dicidbenzamido)-1H-pyrazole-3-
carboxamide 10 and
N-(4-(2-((2-aminophenyl)amino)-2-oxoethyl)phenyb:2,6-dichlorobenzamido)-1H-
pyrazole-3-carboxamidel4a) with potent antiproliferative activities towardise
solid cancer cell lines, showed excellent inhilitactivities against HDAC2 (l&
=0.25 and 0.24nM respectively) and CDK24J&0.30 and 0.56nM respectively). In
addition, compound3c and 14a significantly inhibited the migration of A375 and
H460 cells. Further studies revealed that compoufadand 14a could arrest cell
cycle in G2/M phase and promote apoptosis in ABGT 116, H460 and Hela cells,
which was associated with increasing the intrat@llteactive oxygen species (ROS)
levels. More importantly, compoundc possessed favorable pharmacokinetic
properties with the intraperitoneal bioavailabilidfy63.6% in ICR mice, and poteimt
vivo antitumor efficacy in the HCT116 xenograft mod@ur study demonstrated that
compoundrc provides a promising strategy for the treatmemhafignant tumors.

Key words. Histone deacetylase, Cyclin-dependent kinase, Antiproliferative
activity, Phar macokinetic properties, In vivo antitumor activity



1 Introduction

Tumorigenesis is closely associated with gene namst and abnormal
chromosome modifications which are the categoryepigenetic aberrations[1].
Histone deacetylases (HDACs) and histone acetgfeaases (HATS) are epigenetic
enzymes, which jointly governed the acetylationhgftone [2, 3]. Overexpressed
HDACs could remove the acetyl group from the teahigsine residues of histones,
thus silencing the expression of tumor suppressareg and resulting in tumor
carcinomal4-9]. HDAC inhibitors have received calesable success for cutaneous
cell lymphoma therapy. Recently, four HDAC inhibbgp vorinostat (SAHA),
romidepsin (FK228), belinostat (PXD-101), and panostat (LBH589) have been
approved by U.S. Food and Drug Administration (FDfoy the therapy of
hematological malignancies[10-13]. Chidamide (CS0%ts been approved by China
Food and Drug Administration for the treatment efipheral T-cell lymphoma[14]
(Figure 1A). Single HDAC inhibitors have been proved to bé&dfve for the
treatment of hematological malignancies, but thégws low inhibitory activity
against solid tumors[15, 16]. Moreover, many clhicesearches have demonstrated
that HDAC inhibitors exploit synergistic effects @gombination with other anticancer
agents[17-19]. However, multicomponent drugs raibedrisks involved in complex
pharmacokinetic properties, unpredictable drug-dnigractions and different drug
solubilities[20, 21]. On the contrary, developinddAIC-based multitargeting drugs
could provide an effective and practical strategpvercome the limitations of single
and multicomponent agents.

The dysfunction of cell cycle regulation is a rekadne future of the occurrence
and development of malignant tumors[2Z]yclin-dependent kinases (CDKSs),
belonging to a family of serine/threonine proteimdses, regulate cell cycle and
promote cell growth, proliferation and apoptosis[23]. To date, the CDK family
have consisted of 20 members (CDK1-20), which far@DK/ cyclin complex with
associated cyclin to exert their function[25]. COK 4 and 6 play a crucial role in
cell cycle, while CDK7, 8 and 9 are involved inrsariptional regulation[26, 27].
Abnormal expression of CDK2/cyclin A or CDK2/cyclih leads to cell carcinoma,
and overexpression of CDK2 induced by gene mutdtambeen identified in various
human tumors, containing breast cancer, ovariarcireama, bladder cancer,
endometrial carcinoma and gastric carcinoma[28-F8. a consequence, CDK
inhibitors have been considered as promising aopilastic agents. So far, two CDK
inhibitors have been approved by FDA: palbociclij[&nd ribociclib[32] for the
treatment of breast cancer and HER2-negative aédabceast cancer respectively
(Figure 1B). Several CDK inhibitors have been at differemtgsts of clinical trials,
for instance, (R)-roscovitine[33, 34], AT-7519[3%]d flavopiridol[36, 37].
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Fig.1. Chemicalstructures of approved HDAC (A) and CDK (B) inhdri&

It's reported that vorinostat and flavopiridol, aanpCDK inhibitor, have
synergized in leukemia, breast, lung and esophagealer[38, 39]. In addition, Fan
et al. reported a series of novel CDK4/9 and HDAIDal inhibitors against malignant
cancer[40]. These evidence indicated that desigmatgonally a multitargeting
molecule inhibiting CDK and HDAC could be a promigistrategy for cancer therapy.
Compound 1,
4-(2,6-difluorobenzamido)-N-(4-fluorophenyl)-1H-@aole-3-carboxamide, was
proven to reveal high inhibitory activity againdDK1 and CDK2 enzymes, and good
pharmacokinetic (PK) properties, indicating it ® & lead compoundrigure 2) [33,
35]. Additionally, pharmacophore models of most HDAnhibitors comprise a cap
group, a linker and a zinc-binding group (ZBG). Ttap structure containing a
hydrophobic ring interacts with amino acid residaeshe protein surface; the linker
occupies the tubular channel to connect the camupgrand the zinc site; the
zinc-binding group, such as hydroxamic acid andniabenzamide, chelates with
zinc ion and forms hydrogen bonds in the cataldite (Figure 1)[41, 42].
Considering that there is a large hydrophobic areathe surface of HDAC, we
envisaged that the essential pharmacophore of comopdé was merged with
hydroxamic acid ob-aminobenzamide moiety to acquire a single molethaé could
inhibit both HDAC as well as CDK enzymes. Furtherey@n basis of the strategy as



shown inFigure 2 , we synthesized a series of dual CDK/ HDAC conmaoisy and
evaluated their antitumor activiig vitro andin vivo.
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Fig.2. Design of multi-target inhibitors against HDACda@DK.

2. Results and discussion

2.1 Chemistry

The synthetic routes of all target compounds wested in Scheme 1-3. The
preparation procedures of compounds/g and8a-8g were illustrated irScheme 1.
Commercially available 4-nitro-1H-pyrazole-3-carpbx acid @) reacted with
methyl 4-(aminomethyl)benzoate hydrochlorid® o synthesize4, which was
reduced by palladium on activated carbon to yi@dpgound5. Then compound
was treated with different substituted benzoyl ddkes to afford the key intermediate
6. The intermediat® was hydrolyzed, and then treated with benzene-h2ide to
give the target compound&-7g. In addition, the hydroxamic acid3a-8g were
directly generatetly compound with fresh hydroxylamine solution.

As shown inScheme 2, firstly, compoundlO was prepared by the reduction of
methyl 4-nitro-1H-pyrazole-3-carboxylated)( in the presence of palladium on
activated carbonlO reacted with various benzoyl chlorides to afforanpoundil,
which was subjected to hydrolysis in 1,4-dioxangite the corresponding aci®.
After that, the key intermediatel3 was obtained by12 with ethyl
2-(4-aminophenyl)acetate. The synthesis of hydrogawids15a-15g wassimilar to
that of8a-8g. Then target compoundgla-14g were prepared via the hydrolysis and
condensation reaction frob3. In Scheme 3, compoundl2 was treated with available
aminoalkylester hydrochlorides to provide the intediate 16, which was
consequently converted to final produt?a-17g.



Scheme 1. Synthesis of 7a-7g and 8a-8g ®
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Scheme 2 Synthesis of 14a-14g and 15a-15g #
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Scheme 3 Synthesis of 17a-17g ®
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2.2 Biological evaluation



2.2.1 Assays of antiproliferative activity and enmmyinhibition

Tablel

Antiproliferative activity and enzyme inhibition @a(inhib%) of the target compounds

% cell growth inhibitiorf

% enzyme inhibitior?

HCT116 H460 HDAC1 CDK2
Compd 8uM 2uM 8uM 2uM 10uM 10uM
7a 79.09% 73.12% 80.55% 13.92% 98.32% 66.84%
7b 83.75% 78.65% 75.01% 50.12% 90.41% 90.93%
7c 73.81% 73.77% 78.35% 32.83% 97.27% 82.99%
7d 88.61% 62.88% 61.71% 11.78% 96.71% 59.09%
7e 84.38% 63.73% 17.40% 5.54% 97.73% 53.61%
i 81.19% 39.79% 57.57% 7.25% 97.50% 36.98%
79 75.43% 23.52% 45.47% 5.73% 98.02% 97.18%
8a 64.49% 25.01% 7.33% 0.46% 72.58% 65.67%
8b 59.28% 46.24%  27.70%  10.37% 67.41% 53.21%
8c 81.91% 68.65% 57.40% 45.38% 80.73% 76.82%
8d 61.67% 29.41%  31.62% 11.99% 69.52% 51.26%
8e 71.61% 53.84% 29.84% 26.58% 98.69% 64.47%
8f 76.95% 51.01% 57.06% 23.54% 98.00% 76.14%
89 68.78% 43.75% 45.64% 15.97% 79.18% 53.52%
1l4a 78.05% 72.88% 67.39% 57.33% 89.89% 95.83%
14b 74.29% 60.42% 75.06% 16.44% 85.12% 82.39%
1l4c 81.63% 76.80% 73.77% 3.52% 90.61% 91.88%
14d 69.20% 60.01% 8.93% 0.37% 78.15% 60.52%
14e 51.98% 29.17%  27.75% 3.08% 63.47% 41.71%
14f 20.42% 16.48% 23.37% 6.06% 41.29% 33.64%
149 30.54% 13.63%  26.82% 3.12% 57.04% 11.34%
15a 75.81% 62.15% 75.06% 10.50% 94.22% 96.60%
15b 44.86% 21.70% 36.99% 12.46% 56.35% 44.35%
15c 25.56% 29.94% 30.18% 0.04% 44.97% 58.91%
15d 14.23% 9.56% 23.11% 11.82% 33.17% 7.65%
15e 4.52% 0.84% 26.56% 9.04% 24.51% 21.35%
15f 14.31% 1.04% 21.39% 9.50% 34.06% 22.42%
159 24.51% 9.38% 24.25% 1.58% 46.14% 6.52%
17a 20.09% 1.07% 17.90% 16.96% 42.14% 35.83%
17b 4.66% 3.02% 21.31%  15.05% 24.32% 19.37%
17c 13.76% 12.08% 6.84% 3.57% 33.48% 27.52%
17d 59.41% 4.87% 28.77% 22.94% 70.13% 41.30%
17e 14.86% 5.76% 15.77% 0.40% 35.74% 45.79%
17f 6.54% 0.91% 25.32% 13.04% 26.82% 32.43%
179 15.72% 10.01% 28.71% 0.88% 24.37% 12.28%
CS055  72.20% 64.43% 38.24% 1.73% 96.39% -
SAHA  86.06% 77.79% 68.66% 26.05% 97.90% -



1 73.97% 57.57% 59.13% 21.32% - 66.61%

4The values represent the means of at least twaoatepexperiments with SD less than 10%.

The results of antiproliferative activity and enzynmnhibition assays were
displayed inTable 1 with CS055, SAHA and compouridas the reference drugs. The
growth inhibition of all compounds was examinedha concentrations of 8uM and
2uM towards human colorectal cancer cell line (HOd)land human lung cancer cell
line (H460). In addition, we also evaluated theyeme inhibition for HDAC1 and
CDK2 at 10uM. Compound$7a-17g with the long alkyl linker at the fposition
significantly decreased the antiproliferative aityivelative to those with the aromatic
ring. The introduction of electron-donating methiogyoup (g, 89, 14g and 15g)
gave the weaker activity than that of electron-diittwing groups, such &g, 8e 14e
and 15e. The o-aminobenzamide-based compounds-7d caused a remarkable
increase of activity compared 8b-8d with hydroxamic acid as ZBG. Compounds
14a-14c, simultaneously substituted with fluorine or clim@r moieties at the Rand
R, positions exhibited better activity than those wia=H, such asl4d-14g.
Moreover, the antiproliferative activities were stamtially consistent with enzyme
inhibitory activities. For example, compound®-8a with higher cell growth
inhibitory effects were also more effective agaifdDAC1 and CDK2 than
compoundd5b-15f.

HDACs or CDKs were overexpressed in many malignamhors[43-48].
Particularly, it was reported that Class | HDAC®whd aberrant upregulation in
more than 75% tumor tissues[49, 50]. Studies hadieated that several novel CDK
or HDAC inhibitors showed potent antiproliferatiaetivity against human colorectal,
lung, malignant, cervical and hepatoma cancer loedb[51-60]. Consequently, &
values of compounds that revealed superior or amaihtiproliferative activity to the
positive controls were further investigated towandsnan cancer cell lines: HCT116,
H460, A375, Hela and SMMC7721. As depictedlable 2, compound§c and14a,
in which two chlorine atoms were linked at the &d R positions, exhibited
excellent antiproliferative activities with g values ranging from 0.71 to 7.76uM
against five cell lines. Moreover, these two conmutsiwere more potent for HCT116
cells (1Go = 0.71 and 1.45uM, respectively) than CS055{HK2.77uM) andL (ICsp
=1.96uM). The activity was weakened when Was a fluorine atom and the; R
position included fluorine or chlorin@l§ and7c, 1Cso from 0.70 to 16.26uMl4b and
14c, ICso from 2.57 to 16.46uM). These data clearly provet the chlorine atoms at
the R and R positions were the most optimal replacement, whiicistrated that
2,6-dichlorobenzamide group was crucial to enhahee potency. However, most
compounds showed poor cell inhibition towards SMMET cells. In addition,
compoundrc was tested for the cell morphology at concentratiof 4, 1 and 0.25uM
respectively against all cancer cellsdure 3). The image analysis suggested that
compounds could great change cell morphology whhéiting cell growth.

Next, compound3c andl14a were tested in the mouse embryonic fibroblast cells
NIH 3T3 to determine their effects on normal cels.shown inTable 3, compounds



7c and 14a exhibited low cytotoxicity with 1G values of 4.47 and 4.64uM
respectively compared with CS055 {€ 2.46uM). Considering the antiproliferative
activity and cytotoxicity, compound& andl14a were evaluated for further biological

activity.
Table2
ICso Values in 5 cancer cells of selected compounds
Compd 1Go(M) *
HCT116 A375 Hela H460 SMMC7721
7a 1.13 1.70 4.48 7.79 15.21
7b 0.70 1.20 3.27 3.63 16.26
7c 0.71 1.20 1.83 4.19 7.76
7d 1.66 1.59 4.06 6.32 6.62
Te 0.90 2.11 10.47 6.36 12.93
i 4.80 2.27 3.44 9.99 6.85
79 3.68 2.66 8.13 7.35 8.32
8c 0.50 5.05 4.84 10.57 14.61
8e 2.40 6.42 16.20 6.17 21.78
8f 2.20 3.01 6.61 23.73 16.69
1l4a 1.45 1.60 3.15 2.63 5.22
14b 2.57 2.89 4.30 5.34 14.38
1l4c 3.46 2.97 8.89 4,99 16.46
15a 2.40 4.61 7.15 6.88 12.31
CS055 2.77 411 14.94 >32 25.59
SAHA 1.26 2.68 241 11.92 5.274
1 1.96 13.38 8.23 9.46 23.21

#Values are the means of at least two separateimqus.



A375 HCT116 Hela H460 SMMC7721

Figure 3. The human cancer cell lines were treated withat the indicated concentratiam
DMSO (0.1%) for 48 h, and the cells morphology watected with microscope.

Table3
Cytotoxicity against the NIH 3T3 normal cell line

Compd 7c 1l4a 1 CS055
NIN 3T3 ICso (UM)®  4.47 4.64 7.85 2.46

#Values are the mean of three separate experiments
2.2.2Invitro HDAC and CDK inhibitory activity assay

Compounds7c and 14a were selected forn vitro inhibitory assays against
HDACs and CDKs since these compounds showed higénpg It's evident from
Table 3 that compounds/c and 14a revealedsignificant isoform selectivity for
HDAC?2 (ICs¢= 0.25 and 0.24nM respectively) over other HDACsmpound/c was
above 40-fold and 4-fold more potent for HDAC1 &hdAC3 compared with CS055.
Compound14a exhibited comparable HDACL1 inhibition to CS055, emsas for
HDACS3, 14a was less active with Kg >1000nM. These two compounds have little
inhibition effects on HDAC6 and HDACS. In additioagnong CDKs, compoundc
and 14a displayed higher inhibitory activity against CDK#th 1Cs, values of 0.30
and 0.56nM respectively. It was noteworthy thatséhéwo compounds also had
inhibitory activity against CDK17c, ICsp= 8.63nM;14a, IC50=12.58nM). The 1G
values of7c and14a towards other CDKs were >1000nM. From these resulé can
confirm that compound§c and 14a possessed dual HDAC and CDK inhibitory
activity.

Table 4



Inhibitory profile of compoundgc andl14a against HDACs and CDKs

Compd ICs0 (NM) #
HDAC1 HDAC2 HDAC3 HDACSG6,8 CDK1 CDK2 CDK4,6,7
CS055 260 23.00 180 >1000 - - -
1 - - - - 29.47 9.52 >1000
7c 6.4 0.25 45 >1000 8.63 0.30 >1000
14a 240 0.24 >1000 >1000 12.58 0.56 >1000

#Values are the means of at least two separatentations.
2.2.3 Molecular docking study

We successfully performed molecular docking studeeslisclose the binding
interactions of the representative compounfitsajd 14a) with HDAC2 and CDK2.
As we speculated, compounéisandl14a were approached to the narrow binding-site
channel, and the 2- aminobenzamide moiety chelaidd zinc ion at the bottom
catalytic site of HDAC2 Kigure S1Aand S1C in Supporting Information). It's
observed that both compoundsand14a could form four important hydrogen bonds
with HIS145, HIS146, GLY154 and TYR308 in the HDAG@2tive site FFigure 4A
and 4C). In addition, the compoundc formed two other hydrogen bonding
interactions with ASP181 and PHE210, and the capmof14a also formed one
additional hydrogen bond with LEU276. It might exipl the reason that the HDAC1
inhibitory activity of compound/c was superior to that af4a. Furthermore, the
pyrazole-3-carboxamide group of the compouiddsand 14a could form hydrogen
bonds to the backbone residues GLU81 and LEU8Barhinge area of CDK2, which
was essential for CDK2 inhibitory effects of compda. Besidesyc formed extra
hydrogen bonding interaction with HIS8Eigure 4B), while 14a was able to form
similar hydrogen bond with LYS89F{(gure 4D). The molecular docking results
provided a valid explanation for the interactiorfscompounds {c and 14a) with
HDAC2 and CDK2, and also unveiled the appropriatal ehhibitor design.



Figure 4. Predicted binding modes of compoundsand 14a with HDAC2 (PDB code: 4LXZ)
and CDK2 (PDB code: 1PYE). Interactions between ghaein and the ligand are shown as
yellow dotted lines. (A) Predicted binding modecofmpoundrc in the active site of HDAC?2. (B)
Proposed binding mode of compourid with CDK2. (C) Compoundl4a interacted with the
active site of HDAC2. (D) Proposed binding modecoimpoundl4a with CDK2. Protein surface
of HDAC2 and CDK2 docking with compound& and 14a was shown in the Supporting
Information.

2.2.4 Cell scratch assay

Cell scratch assay is considered as an effectivihadeto measure the cell
migration and repair ability. To evaluate the intalky effect of the compounds on
cells migration, A375 cells and H460 cells weretundd, and then treated wifft,
14a, 1, and CSO055 for 48h. The images were mentionédgare 5. It's observed that
A375 and H460 cells migration were apparently segped by7c and 14a as
compared to the positive contrdlsand CS055. The inhibitory ability d#4a toward
A375 cells migration was stronger than thataf
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Figure 5. The effects of CS053, 7c and14a on the migration of A375 cells (A) at 0.25uM and
H460 cells (B) at 0.5uM. One representative ofdlinelependent experiments is shown.

2.2.5 Cell cycle analysis

To further explore the intracellular mechanismshef representative compounds,
7c and 14a were carefully conducted for their cell cycle eteeon A375 cell line,
HCT116 cell line, H460 cell line and Hela cell lin@ells were treated witiAic and
14a at concentrations of 2, 1 and O\, as well as control (DMSO) for 24h, which
were measured by the flow cytometry with propididodide (Pl) staining. As
presented irFigure 6, after treatment witliic and14a, cancercells could show a loss
in the proportion of cells in GO/G1 phase and awmiaks increase in G2/M phase
compared to control (DMSO). It's evidently observéidat these compounds
significantly arrested A375 and HCT116 cells in K&2phase. For instance, the
percentages of A375 cells féc and14a at dose of ZM were increased from 1.13%
to 57.74% and 66.48% respectively (the data frbrgure S2 in Supporting
Information). Taken together, the patterns7ofand 14a blocking cell cycle were



consistent with that of compourfd which could be relevant to CDK2 inhibitory
activity (Figure S2 in Supporting Information).
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Figure 6. The effects of compound® and14a on the cell cycle assay of cancer cell lines. (A)
A375 cell line; (B) HCT116 cell line; (C) H460 cédithe; (D) Hela cell line.

2.2.6 Cell apoptosis assay

We next wanted to determine that the capacity ohpmunds7c and 14a to
induce cell death via apoptosis in A375 cell lIHET116 cell line, H460 cell line and
Hela cell line. Cells were treated wiit and 14a, CS055 and compount as the
reference drugs for 48h, which were stained withiG~Annexin V and propidium
iodide (PI), and then analyzed by flow cytometRigure 7 indicated that the
compounds/c and 14a could expedite cell apoptosis in a concentratiepeshdent
manner. Compound& and14a could more effectively induce apoptosis than aaintr
(DMSO) towards all four cell lines. The apoptosases of7c and14a towards A375
cells were 97.22% and 73.08% respectively, whiclrewhigher than that of
compoundl1 (66.71%) and CSO055 (62.60%) at the concentratibr2idM. The
apoptosis rates of HCT116 cells induced fyand 14a were 60.6% and 77.1%
respectively, however, compounti and CSO055 induced 48.00% and 44.30%
respectively. They showed stronger effects on e@lbptosis against A375 and
HCT116 cells. For H460 and Hela cells, the apoptasiuced by7c and 14a was
better than that of CS055. Hence, it can be coreclubat7c and14a could cause cell
death through apoptosis.
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Figure 7. Effects of7c and14a on the apoptosis of cell€ells were treated with compounds
14a, 1 and CSO055 for 48h, and measured by flow cytomeitly FITC-Annexin V/PI staining.
Data are expressed as means = SD of the percerdhge®ptotic cells from three independent

experiments.

2.2.7. Determination of immunofluorescence and R@&eration



Since the docking results revealed a potent affingtween CDK2 and HDAC1
with the representative compounds, we assesseéftbets of 7c and 14a on the
inhibition of CDK2 and the deacetylation of histomt8. Compounds showed
favorable antiproliferative activity for A375 cellwhich possessed a good cell
adhesion property, so A375 cell line was selectesl the model. The
immunofluorometric analysis was illustratedfkigure 8A and8B. It's demonstrated
that 7c and 14a could lead to an apparent inhibition of CDK2 comggato control
(DMSO) (Fig. 8A). They also induced an increase of acetylatiorl®K9(Fig. 8B),
which suggested th&ac and14a might alter the acetylation of H3, inhibiting HDAC
activity. These findings elucidated that compourfdsand 14a acted as efficient
CDK2 and HDAC inhibitors.

Reactive oxygen species (ROS) play a critical rolecellular processes
involving cell growth, proliferation, developmentijfferentiation, senescence and
apoptosis[61, 62]. High levels of intracellular R@fght cause DNA damage, and
ultimately resulted in cell death. The 2,7-dichltworescein diacetate (DCFH-DA) is
frequently applied for intracellular ROS detectidys mentioned irFigure 8C, the
green fluorescence signal was hardly observedarcéimtrol group. In contrast, after
treatment with the compounds and14a, cells displayed strong green fluorescence,
indicating a significant increase in intracelluR®S levels. Accordingly, compounds
7c and 14a might accelerate intracellular ROS accumulati@ading to cancer cell
death.
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Figure 8. A375 cells were treated wittvc and 14a at uM or DMSO for 12h.
Immunofluorescence images of (A) CDK2, DAPI and &8H3K9, DAPI staining and merge in
untreated or treated cells. (C) A375 cells werata@ with7c and14a at JuM or DMSO for
24h.Fluorescence images of intracellular ROS gé¢ioera

2.2.8 Pharmacokinetic parameters

Considering that compound®& and 14a exhibited excellentn vitro antitumor
activity, the pharmacokinetic properties (PK) wameestigated in ICR male mice.
Compound%c and14a were administered intraperitoneally (IP) at a dos20mg/kg
respectively. The PK parameters were presefigole 4. The half-life (i) of
compound/c was 2.61h, the maximum plasma concentratignJQvas 7570 ng/mL,
and the area under concentration-time curve (fAL)J@vas 30700 ng h/mL. However,
compoundl4a showed a short half-life of 1.63h, an& of 2170 ng/mL and an
AUC.,of 7200 ng h/mL. In addition, compared witha (F=27.8%), compoundc
showed higher bioavailability with F= 63.6%. Theaadicated that compouritt
possessed better pharmacokinetic propertiesifian



Table5
Pharmacokinetic parametersffandl4a in ICR mice

Compd 7c 1l4a
Dose (mg/kg) 20 20
administration I.p. I.p.
ty, (h) 2.61 1.63
Tmax(h) 2.00 1.00
Cmax(ng/mL) 7570 2170
AUCy., (ng h/mL) 30700 7200
MRTo- (ng h/mL) 3.31 2.36
F (%) 63.6 27.8

2.2.91n vivo antitumor activity of compoundc

As compoundr/c exhibited excellent antiproliferative activity tawds HCT116
cells (IGe= 0.7luM) over other cell lines, we decided to evaluate th vivo
antitumor efficacy of compoundc in the HCT116 xenograft nude mice models.
When tumors grew to a volume of 100-300 ihe BALB/c female mice were
randomly divided into treatment and control gro(psnice per group). Compounad
was intraperitoneally administered at 25 and 12g&monce daily (QD) for 21 days.
No significant body weight changes and toxicitynsigvere observed in the treatment
groups Fig. 9A). Compound7c effectively inhibited the growth of HCT116
xenograft tumors compared to control. The tumomginoinhibitions (TGI) of7c at
12.5 and 25 mg/kg were 37.0% and 51.0% respecti{fély.9B-D). These results
demonstrated that compouridpossessed remarkable in vivo antitumor efficacy.
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Figure 9. In vivo antitumor potency of compouriét against HCT116 xenografts models with
intraperitoneal administration. (A) Body weight a(@) tumor volume measurements féc
treated mice groups after 21 days. (C) Comparigdheofinal tumor weights in each group after
the 21 days treatment period#f (D) The picture of dissected HCT116 tumor tissues

3. Conclusions

In summary, we have successfully designed and egmbd novel dual
HDAC/CDK inhibitors. The representative compounds dnd14a) displayed potent
antiproliferative activities against five selected human cancer loedls with 1G,
values ranging from 0.71 to 7.76yuM. The compouiddsand 14a also showed
excellent HDAC and CDK inhibition with 1§ values at the nanomolar level.
Moreover, compoundsc and14a significantly arrested cell cycle at G2/M phasd an
promoted apoptosis towards A375 cell line, HCT14blme, H460 cell line and Hela
cell line. In addition, the immunofluorometric agsis indicated thac and 14a
displayed significant inhibition of CDK2 and an iease of the acetylation of H3K9.
They could also enhance ROS levels, and then aalsdeath. Furthermore, the
vivo studies indicated that compoufid showed good pharmacokinetic profile, and
also exhibited potent antitumor efficacy in the HQ® xenograft model (TGl=
51.0%).



4. Experimental section
4.1 Chemistry

'H NMR and *C NMR spectra were recorded on a Bruker AV Il 400
spectrometer (400MHz) using DMSQ-d&s solvent. The chemical shifts were
measured in parts per million (ppm) relative to 4Ble as internal standard.
High-resolution mass spectra (HRMS) were obtainedan Agilent Q-TOF 6540
mass spectrometer. All reagents and solvents warehased from commercial
sources and were used without further purificatibime progress of all reactions was
monitored by thin layer chromatography (TLC), andgoated plates with silica gel
F254 were purchased from Qingdao Haiyang Chemiaal IGd. All the final
compounds were obtained 90% purity, as tested by high-performance liquid
chromatography(HPLC) on a Thermo Scientific” UltiMate ™ 3000 systerm
(column, C18, 5mm, 4.6mm x 250mm; mobile phasedigrd elution oimethanol/
H,0 (0.1% HPQOy); flow rate, 1.0mL/min; temperature, 35°C). Anagdndicated by
the symbols of the elements or functions were with#% of the theoretical values.

4.1.1. methyl 4-((4-nitro-1H-pyrazole-3-carboxamitethyl)benzoate 4) Yield:
65%; 4-nitro-1H-pyrazole-3-carboxylic acid (3.18mmo1.1equiv), methyl
4-(aminomethyl)benzoate hydrochloride (2.89mmolquie), EDCI (3.47mmol,
1.2equiv), HOBt (3.47mmol, 1.2equiv), DIEA (6.94mim2.4equiv) were mixed in
DMF (20mL). The reaction was stirred for 12h atmotemperature. TLC analysis,
using petroleum ether: ethyl acetate (1:2) as tlveng indicated the complete
reaction. The mixture was diluted with a large antoof water and then extracted
with ethyl acetate. The organic layer was colleaded dried by anhydrous sodium
sulfate The solvent was concentrated to obtdims a light purple solidH NMR
(400MHz, DMSO-g): 6=7.91(3H, m), 7.50(2H, m), 4.50(2H, s), 3.84(3H,HRMS
(ESI) (M+H)" Calc’d for G3H12N4Os: 305.0887 Found:305.0884.

4.1.2. methyl 4-((4-amino-1H-pyrazole-3-carboxamidethyl)benzoate 5 Yield:
93%; To a 100mL, one-necked flask, sequentiallyrgdd with compound4
(2.64mmol, 1equiv), HCOONH@8.20mmol, 5equiv) in 16mL of the mixed solvent of
tetrahydrofuran and isopropanol (1:1). While stgrivigorously under nitrogen,
palladium 5% on activated carbon (182mg, wettedh wd. 55% Water) was added
into the mixture. The reaction was heated at refituxth. When TLC analysis showed
the complete reaction, the mixture was cooled tbiant temperature, and isolated by
filtration. Then the filtrate was concentrated icuo to affords as a solid*H NMR
(400MHz, DMSO-@): 6=7.91(2H, d,J=8.12Hz), 7.44(2H, m), 7.10(2H, s), 4.60(2H,
s), 4.47(2H, m), 3.84(3H, s); HRMS (ESI) (M+H}alc'd for GsH14N4Os: 275.1145
Found:275.1141.

4.1.3. methyl
4-((4-(2,6-dichlorobenzamido)-1H-pyrazole-3-carbmx@do)methyl)benzoate  6€)



Yield: 87%; A mixture of compoun8 (1.82mmol, 1lequiv), triethylamine (2.18mmol,
1.2equiv) was stirred in 20mL of 1,4-dioxane. Th&B-dichlorobenzoyl chloride
(2.00mmol, 1.1equiv) was added dropwise into theit®m in an ice bath. The
reaction was stirred for 12h at!l0TLC analysis (petroleum ether: ethyl acetate=1:1)
indicated the complete reaction. The mixture wéeréd, and then the filtrate was
evaporated under reduced pressure. The crude pradscfurther purified by flash
column chromatography with an appropriate ethytateépetroleum ether mixture to
provide the produdc. *H NMR (400MHz, DMSO-g): §=13.48(1H, s), 10.09(1H, s),
9.15(1H, s), 8.37(1H, s), 7.91 (2H,X8.34Hz), 7.36 (5H, m),4.48 (2H, &6.66Hz),
383(3H, S); HRMS (ES|) (M+H) Calc’'d for C20H16C|2N4O4: 447.0628
Found:447.0619.

Compoundsta-6b and 6e-6g were prepared according to a similar procedure
described fo6c.

General Procedure for the synthesis of compouidds’g. Compound 6
(2.32mmol, lequiv) was dissolved in 20mL of 1,4x@ine. Then aqueous sodium
hydroxidesolution (2mol/L, 5equiv) was added into this mpetuThe reaction was
heated for 1h at 85 When TLC analysis indicated the complete reactitre
reaction mixture was cooled to ambient temperataomcentrated in vacuo, and
acidified with 2N HCI (pH at 5-6) to formrecipitation. The precipitate was isolated
by filtration and dried to afford the correspondegd as a white solid. Subsequently,
2-(1H-Benzotriazole-1-yl)-1,1,3,3-tetramethyluromiunexafluorophosphate (HBTU,
1.77mmol, 1.5equiv), the aforementioned acid (14@®h lequiv) and
trimethylamine (1.77mmol, 1.5equiv) were dissolvedDMF (15mL). The mixture
was stirred at room temperature for 10min. Aftedgarbenzene-1,2-diamine
(2.128mmol, 1lequiv) was added into the solutiondnother 3h. When TLC analysis
(petroleum ether: ethyl acetate=1:3) indicated ¢thenplete reaction, the reaction
mixture was diluted with water, and extracted wetihyl acetate. Then the organic
layer was dried by anhydrous M2, and concentrated in vacuo. The crude product
was further purified by flash column chromatographith an appropriate ethyl
acetate/petroleum ether mixture to provide theetacgmpound3a-7g.

4.1.4.
N-(4-((2-aminophenyl)carbamoyl)benzyl)-4-(2,6-ddlobenzamido)-1H-pyrazole-3-
carboxamidefa) Yield: 75%; HPLC Rt= 3.002mirfH NMR (400MHz, DMSO-g):

8= 9.65(1H, s), 9.21(1H, s), 8.37(1H, s), 7.93(2H, M61(1H, m), 7.42(2H, m),
7.25(2H, m), 7.17(1H, dJ=7.16Hz), 6.97(1H, m), 6.80(1H, m), 6.60(1H, t,
J=7.59Hz), 4.90(2H, s), 4.51(2H, s)*C NMR (400MHz, DMSO-g): 6= 163.86,
160.94, 158.45, 156.70, 143.56, 140.86, 133.70,3633128.39, 128.30, 128.02,
127.81, 127.70, 127.47, 124.91, 122.07, 121.33,5816.12.98, 112.75, 42.13ppm.
HRMS (ESI) (M+H) Calc’d for GsHagFoNgOs: 491.1644 Found:491.1637.

4.1.5.



N-(4-((2-aminophenyl)carbamoyl)benzyl)-4-(2-chld@dtuorobenzamido)-1H-pyraz
ole-3-carboxamide 7p) Yield: 63%; HPLC Rt= 2.992minH NMR (400MHz,
DMSO-&;): 6= 13.47(1H, s), 10.23(1H, s), 9.62(1H, s), 8.40(®H, 7.92(3H, m),
7.43(5H, m), 7.16(1H, dJ=7.04Hz), 6.97(1H, m), 6.79(1H, m), 6.60(1H, t,
J=7.73Hz), 4.93(2H, s), 4.49(2H, &6.00Hz);**C NMR (400MHz, DMSO-¢): 8=
163.32, 160.12, 158.33, 157.65, 143.07, 133.12,3032132.21, 131.13, 131.08,
127.82, 127.77, 126.99, 126.63, 126.42, 125.75,2823121.44, 120.91, 116.21,
116.07, 115.07, 114.86, 41.57ppm. HRMS (ESI) (M+8jlc’d for GsHaoCIFNGOs:
507.1348 Found:507.1340.

4.1.6.
N-(4-((2-aminophenyl)carbamoyl)benzyl)-4-(2,6-dtdbenzamido)-1H-pyrazole-3-
carboxamide 7c) Yield: 45%; HPLC Rt= 2.975mintH NMR (400MHz, DMSO-g):

8= 13.45(1H, s), 10.11(1H, s), 9.59(1H, s), 9.15(1hj, 8.38(1H, s), 7.92(2H, m),
7.56(3H, m), 7.42(2H, m), 7.15(1H, 88.10Hz), 6.96(1H, m), 6.78(1H, m), 6.59(1H,
t, J=7.70Hz), 4.87(2H, s), 4.48(2H, 35.71Hz);*C NMR (400MHz, DMSO-g): §=
163.83, 160.88, 143.56, 135.85, 133.62, 133.30,3132131.72, 128.86, 128.26,
127.50, 127.11, 126.90, 123.78, 121.92, 121.35,7016.16.56, 42.07ppm. HRMS
(ESI) (M+H)" Calc’d for GsH20Cl2NgO3: 523.1053 Found: 523.1049.

4.1.7.
N-(4-((2-aminophenyl)carbamoyl)benzyl)-4-benzamidé-pyrazole-3-carboxamide
(7d) Yield: 68%; HPLC Rt= 2.962mirtH NMR (400MHz, DMSO-g): 6= 13.41(1H,
s), 10.70(1H, s), 9.70(1H, s), 9.23(1H, s), 8.37(3H 7.89(4H, m), 7.60(4H, m),
7.49(2H, m), 7.19(1H, d}=7.84Hz), 7.02(1H, m), 7.83(1H, d=7.56Hz), 6.66(1H,
m), 4.58(2H, m), 2.69(2H, m}’C NMR (400MHz, DMSO-g): 5= 165.67, 164.49,
163.13, 143.54, 142.52, 133.73, 133.54, 133.06,4832129.50, 128.32, 127.45,
127.17, 126.96, 124.33, 123.23, 120.61, 117.53,111742.05, 38.70ppm. HRMS
(ESI) (M+H)" Calc’d for GsH2:NgOs: 455.1832 Found: 455.1825.

4.1.8.
N-(4-((2-aminophenyl)carbamoyl)benzyl)-4-(2-chloeslzamido)-1H-pyrazole-3-car
boxamide Te) Yield: 60%; HPLC Rt= 2.948minH NMR (400MHz, DMSO-g): 5=
10.25(1H, s), 9.46(1H, s), 9.19(1H, s), 8.37(1H, BP4(2H, m), 7.72(1H, m),
7.44(6H, m), 7.17(1H, m), 6.97(1H,X7.59Hz), 6.78(1H, d)=7.68Hz), 6.60(1H, t,
J=8.24Hz), 4.89(2H, s), 4.50(2H, s)*C NMR (400MHz, DMSO-g): 6= 165.61,
164.00, 162.92, 143.57, 135.31, 133.61, 132.48,7030130.38, 130.05, 128.27,
128.14, 127.48, 127.13, 126.91, 123.79, 122.59,7216.16.58, 42.03ppm. HRMS
(ESI) (M+H)" Calc'd for GsH»1CINgOs: 489.1443 Found: 489.1445.

4.1.9.
N-(4-((2-aminophenyl)carbamoyl)benzyl)-4-(2-fluosstzamido)-1H-pyrazole-3-carb
oxamide ¥f) Yield: 67%; HPLC Rt= 2.945mintH NMR (400MHz, DMSO-g): 8=
13.40(1H, s), 10.88(1H, m), 9.71(1H, s), 9.15(1H, ®41(1H, s), 8.03(1H, m),



7.97(2H, m), 7.66(1H, m), 7.48(2H, m), 7.41(2H, MRO(1H, dJ=7.52Hz), 7.01(1H,
m), 6.85(1H, d,J)=7.88Hz), 6.69(1H, m), 4.56(2H, #:6.07Hz);**C NMR (400MHz,
DMSO-d): 6= 165.21, 163.59, 161.02, 159.00, 158.55, 134.132.9B, 131.28,
127.82, 126.99, 126.65, 126.47, 125.22, 124.12,24122120.70, 120.48, 120.36,
117.45, 116.89, 116.63, 116.40, 41.52, 38.21ppmMBRESI) (M+H)" Calc'd for
025H21FN603: 473.1738 Found: 473.1740.

4.1.10.
N-(4-((2-aminophenyl)carbamoyl)benzyl)-4-(2-methbgpzamido)-1H-pyrazole-3-c
arboxamide 7g) Yield: 80%; HPLC Rt= 2.967minH NMR (400MHz, DMSO-0):
8= 11.76(1H, s), 9.66(1H, s), 9.06(1H, s), 8.41(H}, 8.12(1H, m), 7.96(2H, m),
7.57(1H, m), 7.48(2H, m), 7.24(2H, m), 7.12(2H, rf@)p2(1H, m), 6.80(1H, m),
6.60(1H, m), 4.90(2H, s), 4.59(2H, 35.98Hz), 4.07(3H, s)**C NMR (400MHz,
DMSO-d): 6= 163.29, 160.93, 157.44, 143.25, 143.06, 141.BR.5B, 133.10,
131.35, 127.77, 127.14, 126.62, 126.36, 124.59,3823122.51, 120.84, 120.16,
117.60, 116.22, 116.09, 114.42, 112.28, 55.91, 4h&M. HRMS (ESI) (M+H)
Calc’'d for GeH24NgO4: 485.1938 Found:485.1929.

General Procedure for the synthesis 8af8g. A solution of KOH (2.84qg,
50.6mmol) in MeOH (7mL) was added dropwise intooduton of hydroxylamine
hydrochloride (2.34g, 33.7mmol) in MeOH (12mL) in &e bath. The mixture was
stirred at 0! for 1h, and then was filtered to obtain a freshutsan of NH,OH in
MeOH. Then compound (0.22mmol, lequiv) was dissolved in 3mL of the
aforementioned fresh solution of MBH. The mixture was stirred for 1h at room
temperature. TLC analysis (ethyl acetate: methd@na)=indicated the complete
reaction. The reaction mixture was evaporated umdduced pressure, and was
acidified with 2N HCI (pH at 5-6) to forrprecipitation. The precipitate was isolated
by filtration and dried to afford the correspondocgnpound®a-8g as a white solid.

4.1.11.
4-(2,6-difluorobenzamido)-N-(4-(hydroxycarbamoylizgl)-1H-pyrazole-3-carboxa
mide @a) Yield: 89%; HPLC Rt= 2.993min'H NMR (400MHz, DMSO-@): 6=
13.46(1H, s), 11.14(1H, s), 10.26(2H, s), 9.08(H), 8.29(1H, s), 7.65(3H, m),
7.30(2H, m), 7.18(2H, m), 4.40(2H, nfC NMR (400MHz, DMSO-g): 5= 164.09,
163.31, 160.44, 157.95, 156.22, 142.68, 132.86,2B31129.34, 127.04, 126.87,
121.59, 113.62, 112.49, 112.24, 41.48ppm. HRMS YEM+H)" Calc’d for
C19H15F2N5O4: 416.1171 Found: 416.1168.

4.1.12.
4-(2-chloro-6-fluorobenzamido)-N-(4-(hydroxycarbayt)benzyl)-1H-pyrazole-3-car
boxamide 8b) Yield: 81%; HPLC Rt= 2.975minH NMR (400MHz, DMSO-g): 8=
13.45(1H, s), 11.16(1H, s), 10.20(1H, s), 9.12(H}, 9.00(1H, s), 8.38(1H, s),
7.69(2H, d,J=8.45Hz), 7.55(1H, m), 7.37(4H, m), 4.46(2H, M NMR (400MHz,
DMSO-a): 6= 164.57, 163.78, 160.61, 158.84, 158.14, 143.132.7B, 132.70,
131.76, 129.83, 127.55, 127.35, 126.24, 121.92,4021115.56, 115.34, 42.00ppm.



HRMS (ESI) (M+H) Calc'd for GoHisCIFNsO4: 432.0876 Found: 432.0872.

4.1.13.
4-(2,6-dichlorobenzamido)-N-(4-(hydroxycarbamoyhbgl)-1H-pyrazole-3-carboxa
mide @c) Yield: 73%; HPLC Rt= 2.970min'H NMR (400MHz, DMSO-¢): &=
10.13(1H, s), 9.17(1H, s), 8.39(1H, s), 7.71(2HJ=B.40Hz), 7.56(4H, m), 7.38(2H,
m), 4.47(2H, m)}*C NMR (400MHz, DMSO-g): 6= 164.04, 163.20, 160.45, 142.64,
135.33, 131.80, 131.23, 129.30, 128.34, 127.08,8826.21.43, 41.51ppm. HRMS
(ES|) (M+H)+ Calc'd for QQH15C|2N504: 448.0580 Found: 448.0576.

4.1.14. 4-benzamido-N-(4-(hydroxycarbamoyl)benzyl)-1H-pyiez3-carboxamide
(8d) Yield: 82%; HPLC Rt= 2.945mirfH NMR (400MHz, DMSO-g): 6= 13.50(1H,

s), 11.24(1H, s), 10.69(1H, s), 9.22(1H, s), 8.8B6(%), 7.88(2H, dJ=7.48Hz),
7.74(2H, d,J=8.04Hz), 7.58(4H, m), 7.42(2H, d=7.94Hz), 4.55(2H, d)=5.78Hz);

13C NMR (400MHz, DMSO-¢): 5= 164.09, 162.65, 142.68, 133.23, 131.98, 131.27,
129.38, 128.99, 127.16, 127.02, 126.91, 126.68,752241.48ppm. HRMS (ESI)
(M+H)* Calc'd for GgH17NsO,: 380.1360 Found: 380.1358.

4.1.15.
4-(2-chlorobenzamido)-N-(4-(hydroxycarbamoyl)benzMH-pyrazole-3-carboxamid
e (8e) Yield: 76%; HPLC Rt= 2.948min'H NMR (400MHz, DMSO-g): &=
13.44(1H, s), 11.17(1H, s), 10.22(1H, s), 9.12(1H), 8.99(1H, s), 8.36(1H, s),
7.71(3H, m), 7.58(2H, m), 7.48(1H, m), 7.36(2H, #7.80Hz), 4.47(2H, d,
J=6.39Hz); *C NMR (400MHz, DMSO-¢): 5= 164.56, 164.04, 162.89, 143.17,
135.27, 133.13, 132.49, 131.76, 130.70, 130.37,0830129.84, 128.13, 127.55,
127.37, 122.52, 120.94, 41.94ppm. HRMS (ESI) (M+Bhlc'd for GgH16CIN5O4:
414.0970 Found:414.0958.

4.1.16.
4-(2-fluorobenzamido)-N-(4-(hydroxycarbamoyl)benzyH-pyrazole-3-carboxamide
(8f) Yield: 82%; HPLC Rt= 2.972minH NMR (400MHz, DMSO-g): 5= 13.50(1H,
s), 11.24(1H, s), 10.87(1H, d=10.59Hz), 9.16(1H, s), 8.41(1H, s), 8.04(1H, t,
J=7.65Hz), 7.74(4H, m), 7.42(4H, m), 4.53(2H,J6.22Hz); *C NMR (400MHz,
DMSO-a;): 6= 161.01, 159.01, 158.54, 142.76, 134.25, 134.14,.26, 129.36,
127.17, 127.05, 126.90, 125.20, 125.17, 122.27,4920120.37, 116.62, 116.38,
41.44ppm. HRMS (ESI) (M+H)Calc’'d for GeH16FN5O4: 398.1265 Found:398.1256.

4.1.17.
N-(4-(hydroxycarbamoyl)benzyl)-4-(2-methoxybenzaa)id H-pyrazole-3-carboxam
ide @g) Yield: 88%; HPLC Rt= 2.978min’H NMR (400MHz, DMSO-g): &=

11.74(1H, s), 11.21(1H, s), 9.00(1H, m), 8.39(1H, &10(1H, m), 7.72(2H, m),
7.55(1H, m), 7.43(2H, m), 7.21(1H, 88.59Hz), 7.11(1H, t)=7.62Hz), 4.54(2H, d,
J=6.16Hz), 4.05(3H, s)**C NMR (400MHz, DMSO-g): 6= 164.57, 163.76, 161.45,



157.92, 143.45, 134.04, 131.84, 131.72, 127.71,3B27122.98, 121.33, 120.61,
112.77, 56.39, 41.95ppm. HRMS (ESI) (M+HZalc’'d for GoH19NsOs: 410.1465
Found:410.1463.

4.1.18. methyl 4-amino-1H-pyrazole-3-carboxylat&0)( Yield: 88%; Methyl
4-nitro-1H-pyrazole-3-carboxylate (2.92mmol, 1equivHCOONH, (14.6mmol,
5equiv) was dissolved in 16mL of the mixed solveasit tetrahydrofuran and
isopropanol (1:1). While stirring vigorously undaitrogen, palladium 5% on
activated carbon (182mg, wetted with ca. 55% Watex$ added into the mixture.
The reaction was heated at reflux for 1h. Upon iogoto ambient temperature, the
mixture was filtered. The filtrate was evaporatedler reduced pressure to afford
compoundl0 as a solid*H NMR (400MHz, DMSO-¢): 6=12.82(1H, s), 7.09(1H, s),
4.86(2H, s), 3.77(3H, s); HRMS (ESI) (M+H)XCalc'd for GH;NzO,: 142.0617
Found:142.0612.

4.1.19. 4-(2,6-dichlorobenzamido)-1H-pyrazole-3boaylic acid (2a) Yield: 73%;

A mixture of compoundO (3.54mmol, lequiv), triethylamine (4.25mmol, 1.Geg
was stirred in 20mL of 1,4-dioxane. Then 2,6-dicbbenzoyl chloride (3.89mmol,
1.1equiv) was added dropwise into the solution nni@e bath. The reaction was
stirred for 12h at 0. TLC analysis (petroleum ether: ethyl acetate=indjcated the
complete reaction. The mixture was filtered to obtthe crude producila in
1,4-dioxaneThen the filtrate was used in the next step witHadher isolation. An
aqueous sodiurydroxidesolution (2mol/L, 5equiv) was added into the abbiate.
The reaction was heated at[8%or 1h. When TLC analysis indicated the complete
reaction, the reaction mixture was cooled to antbtemperature, concentrated in
vacuo, and acidified with 2N HCI (pH at 5-6) to foprecipitation. The precipitate
was isolated by filtration and dried to afford tb@responding acid2a as a white
solid. 'H NMR (400MHz, DMSO-g): 6=13.44(1H, s), 9.87(1H, s), 8.29(1H, s), 7.55
(3H, m);HRMS (ESI) (M+H) Calc'd for G;H;CI,N30s: 299.9943 Found:299.9929.

Compoundsl2b-12g were prepared according to a similar procedurerdexi
for 12a.

4.1.20. ethyl
2-(4-(4-(2,6-dichlorobenzamido)-1H-pyrazole-3-cathimido)phenyl)acetate 18a)
Yield: 69%; 12a (2.16mmol, lequiv), ethyl 2-(4-aminophenyl)aceté2el6mmaol,
lequiv), EDCI (2.59mmol, 1.2equiv), HOBt (2.59mmdl,2equiv) and DIEA
(2.59mmol, 1.2equiv) were mixed in DMF (20mL). Tlabalysis, using petroleum
ether: ethyl acetate (1:2) as the eluent, indic#tedcomplete reaction. The mixture
was diluted with water and then extracted with btpetate. The organic layer was
collected and dried by anhydrous sodium sulfEite solvent was concentrated to
provide compound3a as a solid'H NMR (400MHz, DMSO-g): $=10.31(1H, s),
10.15(1H, s), 8.44(1H, s), 7.68 (2H, m), 7.58 (#h), 7.21 (2H, d,J=8.46Hz), 4.09
(2H, m), 3.61(2H, s), 1.24(3H, m); HRMS (ESI) (MFHJalc’d for GiH15CIoN4O4:



461.0784 Found:461.0784.

Compoundsl3b-13g were prepared according to a similar procedurerdexi
for 13a.

General Procedure for the synthesis 1db-14g. Compound13 (1.32mmol,
lequiv) was dissolved in 20mL of 1,4-dioxane. Thequeous sodiunhydroxide
solution (2mol/L, 5equiv) was added into this mbegtuThe reaction was heated at 85
for 1h. When TLC analysis indicated the completection, the reaction mixture was
cooled to ambient temperature, concentrated inoaamod acidified with 2N HCI (pH
at 5-6) to formprecipitation. The precipitate was isolated byrdiion and dried to
afford the corresponding acid as a white solid. seabently, HBTU (1.77mmol,
1.5equiv), the aforementioned acid (1.18mmol, l&quand trimethylamine
(2.77mmol, 1.5equiv) was dissolved in DMF (15 mIhe mixture was stirred at
room temperature for 10min. Afterwards benzenedlaPnine (1.18mmol, lequiv)
was added into the solution for another 5h. Whei€ Tdnalysis (petroleum ether:
ethyl acetate=1:3) indicated the complete reactiommixture was diluted with water,
and extracted with ethyl acetate. Then the orgéayer was dried by anhydrous
NaSQO, and was concentrated in vacuo. The crude prodast fwrther purified by
flash column chromatography with an appropriateylethcetate/petroleum ether
mixture to provide the target compourida-14g.

4.1.21.
N-(4-(2-((2-aminophenyl)amino)-2-oxoethyl)phenyh:2,6-dichlorobenzamido)-1H-
pyrazole-3-carboxamidd4a) Yield: 43%; HPLC Rt= 2.983mirH NMR (400MHz,
DMSO-a&): 8= 13.60(1H, s), 10.33(1H, s), 10.17(1H, s), 9.37(3M 8.46(1H, s),
7.75(2H, d,J=8.18Hz), 7.57(2H, m), 7.52(1H, m), 7.30(2H,J&8.46Hz), 7.16(1H,
m), 6.90(1H, m), 6.73(1H, m), 6.54(1H, m), 3.62(2%), 2.69(2H, s)C NMR
(400MHz, DMSO-@): 6= 169.18, 161.74, 160.65, 141.78, 136.58, 135.83,31,
131.73, 131.30, 129.13, 128.31, 125.88, 125.29,3423121.68, 121.39, 120.57,
116.25, 115.90, 42.12, 38.21ppm. HRMS (ESI) (M*Bplc’'d for GsHaoCloNeOs:
523.1053 Found: 523.1051.

4.1.22.
N-(4-(2-((2-aminophenyl)amino)-2-oxoethyl)phenyh:2-chloro-6-fluorobenzamido)
-1H-pyrazole-3-carboxamidéd4b) Yield: 53%; HPLC Rt= 2.962min;

'H NMR (400MHz, DMSO-@): 8= 13.59(1H, s), 10.73(1H, d=6.67Hz), 10.32(1H,
s), 10.25(1H, s), 9.35(1H, m), 8.45(1H, s), 7.74(2HJ=8.92Hz), 7.56(1H, m),
7.46(1H, m), 7.38(2H, m), 7.31(1H, m), 7.16(1H, B)90(1H, m), 6.73(1H, m),
6.53(1H, m), 3.61(2H, m), 3.03(2H, $¥C NMR (400MHz, DMSO-¢): 5= 169.17,
161.71, 160.19, 158.58, 157.72, 141.74, 136.59,3P33132.23, 131.74, 131.18,
129.13, 125.87, 125.70, 125.29, 123.36, 121.66,5620116.28, 115.91, 115.03,
114.81, 42.12, 38.21ppm. HRMS (ESI) (M+Halc'd for GsHooCIFNgOs: 507.1348
Found: 507.1342.



4.1.23.
N-(4-(2-((2-aminophenyl)amino)-2-oxoethyl)phenyb:2,6-difluorobenzamido)-1H-
pyrazole-3-carboxamidd4c) Yield: 61%; HPLC Rt= 2.972mirfH NMR (400MHz,
DMSO-d): 8= 10.34(1H, s), 9.38(1H, s), 8.43(1H, s), 7.76 (2H,J=8.36Hz),
7.63(1H, m), 7.27(5H, m), 7.17(1H, m), 6.90(1H, rB)73(1H, m), 6.54(1H, m),
4.84(2H, s), 3.62(2H, s} *C NMR (400MHz, DMSO-g): 6= 169.17, 161.71, 160.51,
160.44, 158.02,, 157.95, 156.48, 141.92, 136.61,.763 129.15, 125.86, 125.29,
123.28, 120.54, 116.14, 115.82, 112.46, 112.2213hm. HRMS (ESI) (M+H)
Calc’'d for GisHogFoNgO3: 491.1644 Found: 491.1645.

4.1.24.
N-(4-(2-((2-aminophenyl)amino)-2-oxoethyl)phenyhsénzamido-1H-pyrazole-3-car
boxamide {4d) Yield: 66%; HPLC Rt= 2.963mimH NMR (400MHz, DMSO-§):
6= 13.52(1H, s), 10.59(1H, s), 10.37(1H, m), 8.42(%H 7.91(6H, m), 7.62(5H, m),
7.35(2H, m), 3.64(4H, m)**C NMR (400MHz, DMSO-g): = 163.27, 162.98,
133.76, 133.40, 132.53, 129.67, 129.52, 127.24,5723121.37, 121.04, 116.69,
116.36ppm. HRMS (ESI) (M+H) Calc’'d for GsHxNeOs: 455.1832 Found:
455.1826.

4.1.25.
N-(4-(2-((2-aminophenyl)amino)-2-oxoethyl)phenyhZ-chlorobenzamido)-1H-pyra
zole-3-carboxamidelde) Yield: 67%; HPLC Rt= 2.965min'H NMR (400MHz,
DMSO-&;): 6= 9.38(1H, s), 8.39(1H, s), 7.74(3H, m), 7.59(4H), M.30(2H, d,
J=8.11Hz), 7.16(1H, m), 6.89(1H, m), 6.73(1H, m)5&1H, m), 4.83(2H, s),
3.61(2H, s);®*C NMR (400MHz, DMSO-g): 5= 169.18, 162.63, 161.97, 141.91,
136.65, 131.87, 131.69, 130.18, 129.92, 129.63,18529127.60, 125.84, 125.27,
123.29, 120.52, 116.13, 115.81, 42.13ppm. HRMS )EM+H)" Calc’d for
CosH21CINgO3: 489.1443 Found: 489.1444.

4.1.27.
N-(4-(2-((2-aminophenyl)amino)-2-oxoethyl)phenyb2-fluorobenzamido)-1H-pyra
zole-3-carboxamide14f) Yield: 70%; HPLC Rt= 2.953min*H NMR (400MHz,
DMSO-&;): 6= 10.82(1H, m), 10.36(1H, s), 9.53(1H, m), 8.46(HH, 8.05(1H, m),
7.80(2H, m), 7.68(1H, m), 7.42(4H, m), 7.20(1H, rB)95(1H, m), 6.70(1H, m),
6.34(1H, m), 4.86(1H, s), 3.65(2H, MyC NMR (400MHz, DMSO-g): 5= 169.62,
169.20, 162.02, 161.09, 159.10, 158.62, 141.91,3B40134.32, 131.81, 131.31,
129.18, 129.11, 125.22, 123.33, 122.71, 120.63,4517116.67, 116.44, 116.12,
115.82, 113.99, 42.33ppm. HRMS (ESI) (M+Halc’'d for GsH21FNgO3: 473.1738
Found: 473.1736.

4.1.27.
N-(4-(2-((2-aminophenyl)amino)-2-oxoethyl)phenyb&-methoxybenzamido)-1H-p
yrazole-3-carboxamideldg) Yield: 80%; HPLC Rt= 2.977min*H NMR (400MHz,



DMSO-d): 8= 11.80(1H, s), 9.43(1H, s), 8.46(1H, s), 8.14(1H), 7.84(2H, d,
J=8.42Hz), 7.59(1H, m), 7.36(2H, m), 7.26(1H,JdB8.22Hz), 7.14(3H, m), 6.91(1H,
m), 6.74(1H, m), 6.55(1H, m), 4.87(2H, s), 4.14(34), 3.65(2H, s)*C NMR
(400MHz, DMSO-d): 8= 169.74, 162.35, 161.47, 157.98, 142.40, 137.82 11,
131.88, 129.72, 126.33, 125.77, 123.83, 123.50,3921120.90, 120.58, 116.63,
116.33, 112.85, 56.53, 42.64ppm. HRMS (ESI) (M*Halc’d for GeH24NgOs:
485.1938 Found:485.1931.

General Procedure for the synthesis16&-15g. A solution of KOH (2.84q,
50.6mmol) in MeOH (7mL) was added dropwise intooduton of hydroxylamine
hydrochloride (2.34g, 33.7mmol) in MeOH (12mL) in &e bath. The mixture was
stirred at 0! for 1h, and then was filtered to obtain a freslutsan of NH,OH in
MeOH. Then compoundl3 (0.22mmol, lequiv) was dissolved in 3mL of the
aforementioned fresh solution of MBH. The mixture was stirred for 1h at room
temperature. TLC analysis (ethyl acetate: methd@na)=indicated the complete
reaction. The reaction mixture was evaporated umdduced pressure, and was
acidified with 2N HCI (pH at 5-6) to forrprecipitation. The precipitate was isolated
by filtration and dried to afford the correspondiogmpoundsl5a-15g as a white
solid.

4.1.28.
4-(2,6-dichlorobenzamido)-N-(4-(2-(hydroxyaminop&feethyl)phenyl)-1H-pyrazole
-3-carboxamide 15a) Yield: 71%; HPLC Rt= 2.973min’H NMR (400MHz,
DMSO-d&;): 6= 10.66(1H, s), 10.30(1H, s), 10.16(1H, s), 8.83(%H 8.44(1H, s),
7.71(2H, d,J=8.67Hz), 7.57(4H, m), 7.20(2H, d=8.18Hz), 3.24(2H, s)**C NMR
(400MHz, DMSO-d): 6= 167.05, 160.68, 136.57, 135.47, 131.74, 131.38.2D,
128.96, 128.31, 121.66, 120.43ppm. HRMS (ESI) (M+&lc'd for GoH1sCloNsOy:
448.0580 Found: 448.0573.

4.1.29.
4-(2-chloro-6-fluorobenzamido)-N-(4-(2-(hydroxyara)r2-oxoethyl)phenyl)-1H-pyr
azole-3-carboxamidel®b) Yield: 76%; HPLC Rt= 2.985mim'H NMR (400MHz,
DMSO-d;): 6= 13.64(1H, s), 10.69(1H, s), 10.31(2H, m), 8.86(%) 8.46(1H, s),
7.74(2H, m), 7.58(1H, m), 7.45(2H, m), 7.23(2H, n®27(2H, s);*C NMR
(400MHz, DMSO-@): 6= 167.60, 162.19, 160.68, 159.09, 158.21, 137.3@3.8D,
132.73, 132.63, 131.97, 131.68, 129.47, 126.19,1722121.93, 120.95, 115.53,
115.31ppm. HRMS (ESI) (M+H) Calc’'d for GgH1sCIFNsO4: 432.0876 Found:
432.0876.

4.1.30.

4-(2,6-difluorobenzamido)-N-(4-(2-(hydroxyamino)eXoethyl)phenyl)-1H-pyrazole
-3-carboxamide 15¢c) Yield: 78%; HPLC Rt= 2.977min’H NMR (400MHz,
DMSO-d;): 6= 13.67(1H, s), 10.72(1H, s), 10.34(2H, m), 8.85(%) 8.43(1H, s),



7.73(2H, m), 7.63(1H, m), 7.27(4H, m), 3.26(2H,'8%, NMR (400MHz, DMSO-g):
8= 167.57, 162.27, 160.99, 160.92, 158.50, 158.56,94, 137.07, 133.65, 133.32,
132.00, 129.94, 129.49, 122.30, 121.78, 120.95,241412.97, 112.73ppm. HRMS
(ESI) (M+H)" Calc’d for GgH15FoNsO4: 416.1171 Found: 416.1167.

4.1.31.
4-benzamido-N-(4-(2-(hydroxyamino)-2-oxoethyl)phBsiyH-pyrazole-3-carboxami
de @15d) Yield: 87%; HPLC Rt= 2.982min'H NMR (400MHz, DMSO-¢): 8=
10.72(1H, s), 10.58(1H, m), 10.36(1H, m), 8.40(H), 7.91(2H, m), 7.78(2H, m),
7.62(4H, m), 7.26(2H, m), 3.29(2H, sfC NMR (400MHz, DMSO-g): 6= 167.58,
163.31, 136.98, 133.76, 132.62, 132.53, 132.13,9829129.53, 127.25, 123.63,
121.54, 121.21, ppm. HRMS (ESI) (M+H)Calc'd for GgH:17NsOs 380.1360
Found:380.1354.

4.1.32.
4-(2-chlorobenzamido)-N-(4-(2-(hydroxyamino)-2-okod)phenyl)-1H-pyrazole-3-c
arboxamide 15€) Yield: 59%; HPLC Rt= 2.950mirfH NMR (400MHz, DMSO-g):
8= 13.61(1H, s), 10.69(1H, s), 10.32(1H, s), 10.B(%), 8.43(1H, s), 7.73(3H, t,
J=8.36Hz), 7.51(4H, m), 7.21(2H, d=8.34Hz), 3.26(2H, s)**C NMR (400MHz,
DMSO-d;): 6= 167.08, 162.57, 136.51, 134.80, 132.02, 131.8%).2P, 129.92,
129.63, 128.99, 127.65, 122.38, 120.56ppm. HRMSI)(EBI+H)" Calc’'d for
ClgH]_GC|N504: 414.0970 Found: 414.0971.

4.1.33.
4-(2-fluorobenzamido)-N-(4-(2-(hydroxyamino)-2-oxog)phenyl)-1H-pyrazole-3-c
arboxamide 15f) Yield: 63%; HPLC Rt= 2.965mintH NMR (400MHz, DMSO-g):
6= 13.68(1H, s), 10.77(2H, m), 10.14(2H, m), 8.45(%8H 8.05(1H, m), 7.75(3H, m),
7.43(2H, m), 7.26(2H, dI=8.51Hz), 3.29(2H, s)*C NMR (400MHz, DMSO-¢): 5=
167.12, 161.07, 159.09, 158.61, 136.56, 134.34,2634131.54, 131.32, 129.05,
125.25, 125.22, 122.59, 120.54, 120.46, 120.34,6716116.43, 30.39ppm. HRMS
(ESI) (M+H)" Calc’d for GgH16FNsO4: 398.1265 Found:398.1266.

4.1.34.
N-(4-(2-(hydroxyamino)-2-oxoethyl)phenyl)-4-(2-mettybenzamido)-1H-pyrazole-
3-carboxamide 15g) Yield: 70%; HPLC Rt= 2.988min’H NMR (400MHz,
DMSO-d): 8= 11.80(1H, s), 10.76(1H, s), 10.23(1H, m), 8.46(1k), 8.14(1H, d,
J=7.53Hz), 7.83(2H, m), 7.60(1H, m), 7.28(5H, m)15{3H, s), 3.30(2H, s)**C
NMR (400MHz, DMSO-@): 6= 173.27, 167.65, 161.51, 157.98, 137.34, 134.14,
131.88, 130.01, 129.56, 123.50, 121.40, 121.19,8820120.52, 112.85, 56.53ppm.
HRMS (ESI) (M+H) Calc’d for GoH1oNsOs: 410.1465 Found:410.1460.

4.1.35 ethyl 7-(4-(2,6-dichlorobenzamido)-1H-pyr&z8-carboxamido)heptanoate
(16a) Yield: 70%; A mixture of acidl2a (1.67mmol, lequiv), amine (1.67mmol,
lequiv), EDCI (2.00mmol, 1.2equiv), HOBt (2.00mmd,2equiv) and DIEA



(4.01mmol, 2.4equiv) were mixed in DMF (20mL). Tla@alysis, using ethyl acetate:
petroleum ether (1:1) as the eluent, indicatedctiraplete reaction. The mixture was
diluted with water and then extracted with ethyktate. The organic layer was
collected and dried by anhydrous sodium sulfabe crude product was further
purified by flash column chromatography with an @ppiate ethyl acetate/petroleum
ether mixture to provide the corresponding compodfd. ‘H NMR (400MHz,
DMSO-a;): 6=13.36(1H, s), 10.16(1H, s), 8.35(2H, m), 7.59 (B#}, 4.05 (2H, m),
3.21 (2H, m), 2.24(2H, tJ=7.03Hz), 1.51 (4H, m), 1.25(4H, m),1.13(3H, t,
J=7.40Hz); HRMS (ESI) (M+H) Calcd for GoH24ClLN4Os: 455.1254
Found:455.1257.

Compoundsl6b-16g were prepared according to a similar procedurerdexi
for 16a.

General Procedure for the synthesisl1@a-17g. A solution of KOH (2.84q9,
50.6mmol) in MeOH (7mL) was added dropwise intooduton of hydroxylamine
hydrochloride (2.34g, 33.7mmol) in MeOH (12mL) in &e bath. The mixture was
stirred at 0! for 1h, and then was filtered to obtain a freshutsan of NH,OH in
MeOH. Then compoundl6 (0.44mmol, lequiv) was dissolved in 3mL of the
aforementioned fresh solution of MBH. The mixture was stirred for 1h at room
temperature. TLC analysis (ethyl acetate: methd@na)=indicated the complete
reaction. The reaction mixture was evaporated umdduced pressure, and was
acidified with 2N HCI (pH at 5-6) to forrrecipitation. The precipitate was isolated
by filtration and dried to afford the correspondocgmpoundd.7a-17g.

4.1.36.
4-(2,6-dichlorobenzamido)-N-(7-(hydroxyamino)-7-tweptyl)-1H-pyrazole-3-carbox
amide (7a) Yield: 72%; HPLC Rt= 3.028min‘H NMR (400MHz, DMSO-g): 8=
13.43(1H, s), 10.38(1H, s), 10.20(1H, s), 8.48(HH, 8.37(1H, s), 7.58(4H, m),
3.22(2H, m), 1.95(2H, m), 1.49(4H, s), 1.26(4H,'8&}; NMR (400MHz, DMSO-g):
0= 169.63, 163.55, 160.81, 135.83, 132.31, 131.28.8b, 121.83, 38.65, 32.68,
29.49, 28.77, 26.63, 25.56ppm. HRMS (ESI) (M*HDalc'd for GgH»1CloN5Oq:
442.1050 Found:442.1046.

4.1.37.
4-(2,6-dichlorobenzamido)-N-(6-(hydroxyamino)-6-twexyl)-1H-pyrazole-3-carbox
amide (7b) Yield: 74%; HPLC Rt= 3.048mintH NMR (400MHz, DMSO-g): 8=
13.44(1H, s), 10.39(1H, s), 10.12(1H, s), 8.41(H}H, 8.29(1H, s), 7.50(4H, m),
3.15(2H, m), 1.90(2H, m), 1.44(4H, m), 1.18(2H, nmfC NMR (400MHz,
DMSO-a): 6= 174.90, 169.69, 163.62, 160.82, 135.80, 133.32.3D, 131.72,
128.85, 121.84, 121.11, 38.58, 32.65, 29.32, 2628%B3ppm. HRMS (ESI) (M+H)
Calc’'d for Cl7H190I2N504: 428.0893 Found:428.0892.

4.1.38.
4-(2,6-difluorobenzamido)-N-(7-(hydroxyamino)-7-dweptyl)-1H-pyrazole-3-carbox



amide (7c) Yield: 75%; HPLC Rt= 3.055min‘H NMR (400MHz, DMSO-g): 8=
10.45(2H, s), 8.51(1H, s), 8.37(1H, s), 7.65(1H, MP8(2H, m), 3.25(2H, m),
1.98(2H, m), 1.52(4H, s), 1.29(4H, $fC NMR (400MHz, DMSO-g): 6= 174.94,
169.68, 163.55, 160.95, 158.46, 156.62, 133.42,3P33133.22, 122.00, 112.97,
112.73, 38.64, 32.67, 29.51, 28.78, 26.62, 25.56pRMS (ESI) (M+H) Calc'd for
C18H21F2N504: 410.1641 Found:410.1642.

4.1.39.
4-(2,6-difluorobenzamido)-N-(6-(hydroxyamino)-6-dexyl)-1H-pyrazole-3-carbox
amide (7d) Yield: 65%; HPLC Rt= 3.020minrtH NMR (400MHz, DMSO-g): 8=
13.40(1H, s), 10.44(2H, m), 8.73(1H, s), 8.49(1H, ®37(1H, s), 7.64(1H, m),
7.28(2H, m), 3.25(2H, m), 1.98(2H, m), 1.53(4H, M)27(2H, m);**C NMR
(400MHz, DMSO-@): 6= 169.61, 163.65, 160.95, 158.39, 156.61, 133.43.34,
133.24, 121.97, 112.98, 112.74, 38.57, 32.67, 22849, 25.35ppm. HRMS (ESI)
(M‘l‘H)+ Calc'd for C]_7H19F2N504: 396.1484 Found:396.1484.

4.1.40.
4-(2,6-difluorobenzamido)-N-(5-(hydroxyamino)-5-gentyl)-1H-pyrazole-3-carbox
amide (7€) Yield: 59%; HPLC Rt= 3.013min‘*H NMR (400MHz, DMSO-g): 8=
13.38(1H, s), 10.41(1H, s), 10.35(1H, s), 8.67(H), 8.50(1H, m), 8.34(1H, s),
7.63(1H, m), 7.27(2H, tJ=8.20Hz), 3.21(2H, m), 1.97(2H, m), 1.50(4H, mic
NMR (400MHz, DMSO-@): 6= 169.46, 163.70, 160.94, 158.39, 156.56, 133.48,
133.38, 121.96, 121.08, 113.01, 112.77, 38.36,6324.28, 23.13ppm. HRMS (ESI)
(M‘l‘H)+ Calc'd for C]_6H17F2N504: 382.1328 Found:382.1328.

4.1.41.
4-(2,6-difluorobenzamido)-N-(4-(hydroxyamino)-4-dxayl)-1H-pyrazole-3-carboxa
mide (L7f) Yield: 56%; HPLC Rt= 2.990min‘*H NMR (400MHz, DMSO-g): 8=
13.38(1H, s), 10.39(2H, d=8.25Hz), 8.69(1H, s), 8.54(1H, m), 8.34(1H, s3(1H,
m), 7.27(2H, t,J=8.46Hz), 3.24(2H, m), 1.98(2H, 8=7.62Hz), 1.73(2H, m)**C
NMR (400MHz, DMSO-@): 6= 169.22, 163.79, 160.88, 158.40, 156.57, 133.39,
133.31, 121.98, 121.09, 113.02, 112.78, 38.37, 53026.88ppm. HRMS (ESI)
(M‘l‘H)+ Calc'd for C]_5H15F2N504: 368.1171 Found:368.1173.

4.1.42.
4-(2-chloro-6-fluorobenzamido)-N-(7-(hydroxyamin®exoheptyl)-1H-pyrazole-3-c
arboxamide 17g) Yield: 54%; HPLC Rt= 2.943minH NMR (400MHz, DMSO-g):

8= 10.35(1H, s), 8.51(1H, s), 8.35(1H, s), 7.57(1h), 7.46(1H, d,J=8.09Hz),
7.39(1H, 1,J=8.88Hz), 3.21(2H, m), 1.94(2H,3:7.39Hz), 1.48(4H, m), 1.25(4H, m);
13C NMR (400MHz, DMSO-¢): 5= 169.52, 163.49, 160.61, 158.72, 158.14, 133.03,
132.76, 131.63, 126.28, 121.96, 115.57, 115.364382.67, 29.50, 28.78, 26.63,
25.56ppm. HRMS (ESI) (M+H) Calcd for GgHoCIFNsOs: 426,1345
Found:426.1347.



4.2 Biological evaluation
4.2.1 Cell antiproliferative activity assay

Human colorectal cancer cell line (HCT116), humamglcancer cell line (H460),
human malignant melanoma cancer cell line (A376méan cervical cancer cell line
(Hela) and human hepatoma cancer cell line (SMMQYy¥&re used in the current
researches. We also selected the mouse embrybnblast cells as the normal cells
for cytotoxicity assays. The cell lines were grownDulbecco’s Modified Eagle
Medium (DMEM) containing 10% fetal bovine serum (FBS) (TineFisher, USA)
and 1% penicillin/streptomycin at 37 5%CQ atmosphere. The cells were seeded
into 96-well plates at a density of 4 x*kd&lls / well. After 12h, the cells were treated
with 10uL of various concentrations of compounds #@h. Then 10uL per well of
CCK-8 reagent were added, followed incubation foother 1h. The absorbance was
measured at 450nm using an EnSpire multimode eatter (PerkinElmer, USA).

4.2.2Invitro HDAC inhibition assay

HDAC1 (BML-AK511), HDAC2 (BML-AK512), HDAC3 (BML-AK531),
HDACG6 (BML-AK516) and HDAC8 (BML-AK518) were purclsad by Enzo Life
Sciences Inc. According to the instructions, vasiatoncentrations of the tested
compounds (10uL) and HDAC enzyme solution (15uLyemmixed into a 96-well
microplate. The mixture was cultured at 3¥r 10min. Then 25uL of diluted HDAC
substrate was added to start the deacetylatiotioaaat 37 | for 30min.Then 50uL of
1x developer was added, and the mixture was inedbat 37! for 20min, which
stopped the reaction. Fluorescence was analyzed asi EnSpire multimode plate
reader (PerkinElmer, USA).

4.2.3Invitro CDK inhibition assay

The CDK1, 2, 4, 6 and 7 inhibitory activity were asered by CDK1/ Cyclin A2
Kinase Enzyme System (Promega Catalog # VP296DK2/ Cyclin A2 Kinase
Enzyme System (Promega Catalog # V2971), CDK4/ i@yDll Kinase Enzyme
System (CDK4/Cyclin D1, Active Catalog No. C31-18ignalchem), CDK6/ Cyclin
D3 Kinase Enzyme System (Promega Catalog # V45d4i0), CDK7/ Cyclin H1
Kinase Enzyme System (CDK7/ Cyclin H1 , Active Jaga No. C36-102H
signalchem), respectively. The kinase reaction méxtcontained 1pL of the tested
compound, 2uL of enzyme, and 2uL of 2.5 x ATP/sabstmix. After incubation at
room temperature for 10min, the reaction was stogpeadding 5uL of ADPGlo™
Reagent. Forty minutes later, 10uL of Kinase DeatacReagent was added, and the
plate was incubated at room temperature for 30miminescence was recorded by
an EnSpire multimode plate reader (PerkinElmer, YSA

4.2.4 Molecular docking



The three-dimensional structures of HDAC2 (PDB codleXZ) and CDK2
(PDB code: 1PYE) were performed from the ProteirtaDBank. The molecular
docking was carried out via Surflexdock in SybyRX0 (Tripos Inc.). The water and
ligands were removed and the polar hydrogens weadedato the protein structure.
The molecular structures of tested compouraandl4a were optimized with Tripos
force field. Then compound& andl14a were docked into HDAC2 and CDK2 using
Surflex-Dock module.

4.2.5 Cell migration assay

A375 or H460 cells were plated in a 12-well plate aensity of 1.0 x Tocells /
well. Twelve hours later, a straight line was stnat at the bottom of each well using
a 10puL pipette tip. After washing with phosphatdéféned saline (PBS), A375 cells
(H460 cells) were treated with compouritsandl4a at the concentration of 0.25uM
(0.5uM). Then cells were cultured for 48h. The amlages were captured by an
OPTEC BDS200 microscope.

4.2.6 Cell cycle analysis

The different cells were plate in 6-well platesiatensity of 1.0 x Ttcells / well.
Twelve hours later, 20uL of compounds 14a, 1 and CS055 were added into 6 wells
at the concentrations of 2, 1 and 0.5uM respegtivet 24h. Then cells were
harvested, washed with phosphate-buffered saliS)Pand fixed in cold 75%
ethanol at -20 for 24h. After adding 200pL of RNase A, cells weneubated at
37°C for 30min, and then stained with 200uL of pdapn iodide (PI) at 4°C for
30min. Cells were screened by the flow cytometry.

4.2.7 Cell apoptosis assay

The different cells were plated in 6-well platesaatlensity of 1.0 x focells /
well. Twelve hours later, 20pL of compounds 14a, 1 and CS055 were added into 6
wells at the concentrations of 2, 1 and 0.5uM retpely for 48h. Then cells were
harvested, washed with phosphate-buffered saliB&)Pand resuspended in 500uL
of 1 X annexin-binding buffer. The resuspendedsc&lkere stained with 5uL of
Annexin V-FITC (10mg/ml) and 2uL of propidium iodide in the dark fdSmin.
Cells were detected by the flow cytometry.

4.2.8 Immunofluorometric assay

A375 cells were plated into confocal dishes with 8.1C cells / well. Twelve
hours later, 20uL of compoundg and 14a were added into dishes at the
concentration of 1uM for 12h respectively. Then Ixcevere washed with
phosphate-buffered saline (PBS), and fixed with g@raformaldehyde. Thirty



minutes later, cells were permeabilized with 0.38toin X-100, and incubated in 3%
bovine serum albumin (BSA) for 1h. Then cells weeated with the diluted primary
antibody (anti-Histone H3 (acetyl K9)) overnight 4t/, and incubated with the
secondary antibody (IgG H&L (Alexa Fluor® 488)) fah in the dark. After adding
DAPI, the cells were cultured at room temperatore3imin in the dark. The samples
were analyzed by Leica TCS SP8 confocal fluoressendcroscope (Leica
Microsystems, Germany). For the immunofluorometissay of CDK2 in A375 cells
treated with compoundgc and 14a, cells were fixed with 4% paraformaldehyde,
permeabilized with 0.3% Triton X-100, and incubated3% bovine serum albumin
(BSA). One hour later, the cells were incubatedhvanti-CDK2 antibody (Alexa
Fluor® 488) overnight at 4, and then were stained with DAPI for 3min. The
samples were analyzed by Leica TCS SP8 confocaldbcence microscope (Leica
Microsystems, Germany).

4.2.9 ROS accumulation assay

A375 cells were plated into confocal dishes with £.10 cells / well. Twelve
hours later, 20uL of compoundg and 14a were added into dishes at the
concentration of 1uM for 12h respectively. The <elvere washed with
phosphate-buffered saline (PBS), and incubated With of DCFH-DA at 37°C for
0.5h. Then the cells were washed with PBS threedjnand analyzed by Leica
TCS-SP8 confocal fluorescence microscope (Leicaddisstems, Germany).

4.2.10 Pharmacokinetic parameters

The pharmacokinetic properties (PK) were carried iaulCR male mice, by
administering7c and 14a intraperitoneally (IP) at a dose of 20mg/kg respety.
Compounds 7c and 14a were dissolved in a solution of DMSO: CrEL:
Saline=10:10:80 (v/v/v). The blood samples werdectéd at 0.25h, 0.5h, 1h, 2h, 4h,
8h, 12h and 24h after intraperitoneal injectiond dhen analyzed by LC-MS/MS
system. The PK parameters were estimated by norantm@ntal model using
WinNonlin 8.0.

4.2.11Invivo antitumor activity assay

All animal experiments were approved by the lodalos committee. BALB/c
nude female mice (5-6 weeks old) were afforded bgl\River Laboratory Animal

Technology Co. Ltd. To establish HCT116 xenogradidels, 310° human colorectal

cancer cells were subcutaneously injected intofrivet-right axilla region of nude
mice. When tumors grew to a volume of 100-300°ntive BALB/c female mice were
randomly divided into treatment and control grog@snice per group). Mice in the
treatment groups were intraperitoneally injectedhwéompound7c at a dose of
12.5mg/kg and 25mg/kg once daily (QD) for 21 dagspectively, and mice in the



control group were injected with equal volume &%.MC aqueous solution. During
treatment, tumor volumes and body weighs were niedsevery 3 days. The tumor
growth inhibition (TGI) was calculated according tfee following formula: TGI
=100%X[1—(TV 1)~ TVinitiam)/(TVyc)— TVinitiac))], Where Ty and TVt are
the tumor volume measured at initial time and fimale of treatment in the treatment
group respectively, and k¥ and TVhiiacy are the tumor volume for the control

group.
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Highlights

1.A series of novel 1-H-pyrazole-3-carboxamide-based derivatives were designed and
synthesized as histone deacetylase (HDAC) and cyclin-dependent kinase (CDK) dual
inhibitors.

2. Compounds 7c and 14a exhibited excellent antiproliferative activities against
HCT116 cells, A375 cells, Helacells, H460 cellsand SMMC7721 célls.

3. Compounds 7c and 14a showed potent inhibitory activity against HDAC and CDK.
4. Compounds 7c and 14a could arrest cell cycle in G2/M phase and promote
apoptosis.

5. Compound 7c¢ possessed better pharmacokinetic properties compared with 14a.

6. Compound 7c exhibited potent antitumor efficacy in the HCT116 xenograft model
(TGI= 51.0%).
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