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Abstract

A series of novel 3,5-diarylH-pyrazolo[3,4b]pyridines as tubulin polymerization inhibitors
targeting the colchicine site were designgd ring tethering strategy, which was supported by
conformational analysis. The general, chemicallgtable and rotational linker, carbanyl group,
was locked by H-pyrazolo[3,4b]pyridine to avoid carbonyl reduction and resttiog instability

of molecular conformation caused by the rotationtled carbon-carbon single bond beside
carbonyl group. All of target compounds were sysited and evaluated for their antiproliferative
activities against three human cancer lines (SG@t/8549 and Hela) by MTT assay. Most of
these compounds showed prominémtvitro potency and the most potent compound in this
scaffold 13d (SGC-7901: 16 = 13 nM) could significantly inhibit tubulin polyemization and
strongly disrupt cytoskeleton. The results of molac modeling study revealed thEgdd interacts
with tubulin by binding to the colchicine site.

Keywords: Ring tethering; Conformational analysis; Pyraz)é]pyridine; Colchicine site



1. Introduction

Microtubules are vital components of filamentoustosieleton consisted ofx,B-tubulin
heterodimers in eukaryotic celts.It is known that microtubules play important roiasdriving
many cellular physiological processes such assigfaling, intracellular transport, intracellular
macromolecular assemblies and cell divisfbithe critical characteristic of microtubule is tfitat
is always in a dynamic equilibrium of polymerizati@nd depolymerization, and this is the
foundation of tubulin polymerization inhibitors’ riationality!® The widely known tubulin
polymerization inhibitors such as colchicine, CAaad SMART (Fig. 1) could be used for
damaging or killing various types of tumor cellsaiigh breaking the equilibrium by binding to
colchicine site in tubuliff?

As SMART analogues, compound$ (Fig. 1) were designed according to bioisosteasia
evaluated antiproliferative activity previously, tivithe 1G, values of 52-500 nM, 25-39
nM, >3000 nM, respectivel@. The loss of compoun@’'s activity impels us to explore the
fundamental causes. Compared the chemical strsctfreompound with 4, 5 and SMART,
they have a similar molecular skeleton containtmgé conjugated six-membered aromatic rings
(A-, B-, and C-ring, respectively) with a ketonekier between A- and B-rir@. Generally,
structural modifications on B-ring using bioisogter can be tolerated in maintaining original
bioactivity.m It is known that this antitubulin effect stemsrfrdhe interactions between ligands
(tubulin polymerization inhibitors) and receptar,-tubulin) with appropriate binding mode.
Therefore the difference of binding mode betwéenith the other compounds with-tubulin
may be the key point to explain the loss of agtiat 6. Unfortunately, co-crystal of SMART or
its analogues witl,B-tubulin heterodimer complex has not been obtaingdo now. Note that
this class of compounds has two vastly differert eelatively stable conformations, “bent” and
“straight” conformation respectively (Fig. 2). Pirawsly we reported that the “bent” conformation
of SMART analogues may be critical for maintainiugtitubulin activity based on the results of
density functional theory (DFﬁ]. Inspired by this, we speculated that the diffeesiné the
preferred conformations of compounéi® may be the reason that compo@sllow activity. To
verify our speculation, DFT calculation was perfednto compare the energy of two different
conformations of the above compounds. As the reshiown in Table 1, Compounds4 and5

may adopt stable “bent” conformation to interacthwa,p-tubulin, which appears to be necessary



for potent biological activity. On the other hamompound6 has an entirely different and stable
“straight” conformation and could not effectivelytéract with tubulin. Given the above analysis,
“bent” conformation of molecule may be the key fmdbr the design of antitubulin inhibitors.

The pharmacokinetic behaviour of carbonyl grouflB&#ART analogues is unstable because
it can be easily reduced to hydroxyl vivo, resulting in loss of bioactiviti€d. Ring tethering
strategy is an efficient means in drug design, Witign be used for enhancing molecular stability
through protecting sensitive group and restrichimactive conformation. For example, CA-4 was
often modified by the introduction of a five-memééraromatic heterocycle to lock the unstable
cis carbon-carbon double boH&

1H-pyrazolo[3,4b]pyridine is a special and significant fused ardmdteterocyclic ring,
which has been used as a key pharmacophore indérsign. For example, BAY 41-2272 is a
stimulator of soluble guanylate cyclase (sGC), Whiontains the H-pyrazolo[3,4b]pyridine
fragment™ 6-Aryl pyrazolo[3,4b]pyridine was also reported as inhibitor of glycngg/nthase
kinase-3 (GSK-3) in 200%°!

Based on the above findings, a stable fragméhpyrazolo[3,4b]pyridine was chosen to
replace the carbonyl linkage and B-ring throughioretl ring tethering strategy to restrict
bioactive conformation and stabilize carbonyl groupHerein, a series of
3,5-diaryl-1H-pyrazolo[3,4b]pyridines ((2am, 13ah, and13l-m) were designed and synthesized
as antitubulin agents (Fig. 3). The preliminary tde®f bioactivity in vitro, including
antiproliferative activity, tubulin polymerizatiormmunofluorescence staining, cell cycle analysis,
and cytotoxicity test were performed to explore fhreliminarily structure-activity relationship
and illuminate the pharmacologic mechanism. Addaity, molecular modeling was carried out

to investigate the possible binding mode of taocgepounds.
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Fig. 1. Structures of colchicine, CA-4, SMART and analogdé.

bent conformation straight conformation
Fig. 2. Two conformations of compoun@s6 (the blue represent six-membered aromatic ring).

Table 1. The relationships between conformation and bigeti

Compound Bent (AU} Estraight (@.U.) Eeanst,aight(kJ/molf’ ICsp (NM)°

SMART, 3 -1488.05297426 -1488.04806398 -12.89 21-71 (6licels)
4 -1151.24384014 -1151.24359019 -0.66 52-500 (6lioelt)
5 -1167.28482948 -1167.27773895 -18.62 25-39 (6licelt)
6 -1183.31988660 -1183.32631705 +16.88 >3000 (Bioek)

31 a.u. = 2625.50 kJ/molNegtive value represents “bent” conformation isfgmed conformationt cited from

literature [4].

: Chemically unstable and rotational linker
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Fig. 3. Structure-based rational desiga ring tethering strategy.

2. Results and discussion

2.1. Chemistry

The synthetic route for the target compouridza{m, 13ah, and13l-m) is outlined in Scheme 1.
The key intermediate 3-(substituted phenyi+iyrazol-5-amine (compounti)) was prepared in
two steps. Briefly, the oxidative condensation obstituted benzaldehyde was carried out with
acetonitrile to produce 3-oxo0-3-(substituted phjngpanenitrile (compouné),™” followed by

cyclization of compoun® with 80% hydrazine hydrate in absolute ethéﬁbsubsequently, the



target compoundsl2am were obtained by treating compountdD with corresponding
indole-3-carboxaldehyde derivatives using direce-step synthetic methd! Finally, the
amino-compound42ah were converted to the target compouf8sh and13lm via reductive

deaminatior?”

o 12a:R'= R2 =OMe, R*=R%=R%=H
R N b 12b:R'= = OMe, R* = R®=H, R%= Me
— 12¢:R'= R2 R3 OMe, R*=R6=H, R%= OMe
R? 12d: R'=R2= R3 OMe, R* =R%=H, R®= Me
R3 12e:R'= R2 =OMe, R*=R5=H,R®=F
ac 12f: R'= =OMe, R*=R%H,Ré=ClI
a‘ 12g: R'= R2 R3 OMe, R% = RS = H, R6 = Br
o 12h: R'=R2=R%= OMe, R* = R5=H, R®= OMe
; 12i: R'=R?= R3 OMe, R* = Me, R%= H, R® = Mg
R H 12j: R'=R?=R3=0OMe, R*=Me, R=H,R® =F
) 12k: R'=R2= R3-0Me R*=Me, R®=H, R®=CI
R s 12I: R'= R2= OMe, R®=R*=R%=H, R®= Me
8R 12m: R2= OMe, R' = R®= R* = R8 = H, R®= Me
a-C
13a: R'=R?=R3= OMe, R®=R6=H
8-10a: R'= R*=R®= OMe 13b: R'= R?=R3= OMe, Rﬁ— Me, R%= H
8-10b: R'=R?= OMe R3=H 13c: R1:R2=R3:0Me =OMe, R =H
8-10c: R2= OMe, R'=R3=H 13d: R'= R2=R%= OMe, R5—H R® = Me
13e:R'= R2 R3 OMe, R®=H,Ré=F
13f: R' = =0OMe, R5=H,Ré=ClI
13g:R'= R2 =0OMe, R5=H, Ré=Br
13h: R'= R?=R3= OMe, R%=H, R®= OMe

131: R'=R2= OMe R3=R%=H, R®=Me
13m: R?=0OMe, R'=R3®=R%=H, R®= Me

Scheme 1.Synthesis of the target compounds. Reagents andticonda) CuC}, KOH, CHCN, DMA, O,
(balloon), rt, 24 h; (b) bH,H,O (80%), TsOH, EtOH, reflux, 2 h; (c) Al¢IMeOH, 8GC, 4-8 h; (d) Isoamyl
nitrite, THF, rt, 2-6 h.

2.2. Biological evaluation

2.2.1.Invitro antiproliferative activities and cytotoxicity agsa

All the newly synthesized 3,5-diaryHtpyrazolo[3,4b]pyridines were screened against
SGC-7901 (human gastric carcinoma cell line), AB#@nan lung carcinoma cell line) and HelLa
(Human cervical carcinoma cell line) by standard TMdssay to evaluate their antiproliferative
activities in terms of half maximal inhibitory caerdtration (IGg) values. By comparison, SMART
was selected as the positive reference (Table 2\idDsly, the strategy of introducing
fused-heterocyclic moiety is effective and almdkbhthe tested compounds exhibited moderate
to potent antiproliferative activity except for cpounds12l-m and13l-m (ICso > 30 uM), which
have no 3,4,5-trimethoxyphenyl group. It can benstmat 3,4,5-trimethoxyphenyl group is a
necessary pharmacophore for retaining bioactivitidsich is consistent with previous reports
about CA-4, SMART and its analogd@sCompoundle&h containing amino group at the

C2-position of C-ring showed the 4¢values of 0.081 to 10.28V. The antiproliferative activity



was reduced when the amino group of compouradkf was methylated. A clear growth of{C
value was observed when the amino group of commowRd 12b and12d was removed, and
compoundl3d exhibited most potent antiproliferative activitgaanst SGC-7901 cell with ig
value of 13 nM, which was superior to SMART. Theowd analysis suggested that bulky
substituents on C2-position of C-ring may be advefSompoundd2ef and 13ef possessing
fluorine or chlorine atom at C4-position of C-rimgere observed to be more active against HeLa
and SGC-7901 cell lines in comparison with compautizy and13g which containing bromine
atom at C4-position of C-ring. One possible reafwnthis phenomenon was that the bromine
atom has lower electronegativity and bigger atome.siMeanwhile, one of most distinct
characteristics of these compounds was that thieypiéed selective antiproliferative activities on
different tumor cell lines. For example, compouid@b, 12d-f, 13b and13h showed strong and
selective inhibition to the proliferation of Helad SGC-7901 cell lines (K value 0.013-0.62
uM) while A549 cell line was not sensitive to thesenpounds (16 > 1.31uM).

Table 2. Antiproliferative activities of target compounds.

(|C50 + SD,]J,M)a

Compounds
SGC-7901 A549 HelLa

12a 4.37 £0.18 1.42 £0.09 255+0.11
12b 0.62 £0.05 4.43+0.24 0.38+0.02
12c 9.51 £0.87 10.25+£1.02 4.93+0.77
12d 0.23+0.021 7.83+£0.45 0.16 £0.011
12e 0.40 £0.017 1.31+0.10 0.081 £0.008
12f 0.58 +0.024 3.24+0.18 0.36 £0.017
12¢g 5.52+£0.16 8.47 £0.23 2.61+£0.12
12h 3.73+0.14 5.36 £0.24 1.44+£0.49
12i 6.31£0.39 9.25+0.44 3.84£0.15
12j 3.76 £0.21 427 +0.20 1.67 £0.37
12k 8.48 £0.76 14.02 £1.03 6.49 £0.70
12| >30 >30 >30

12m >30 >30 >30



13a 0.037 £0.004 0.65 +0.043 0.057 +0.007
13b 0.051 + 0.006 >30 0.086 +0.012
13c 191+0.21 7.66 +£0.48 0.46 +0.025
13d 0.013 + 0.005 0.082 £0.016 0.045 +0.008
13e 2.31+0.17 >30 0.89 +0.12
13f 4.82 +0.96 1461+1.24 0.87 £0.15
13g 20.15+1.78 17.43+£1.10 10.86 £1.97
13h 0.13 £0.010 >30 0.28 +0.016
13| >30 >30 >30
13m >30 >30 >30
SMART (3)° 0.018 £ 0.006 0.029 + 0.009 0.024 +0.011

3Data from three independent experimeftssed as positive control.

Next, cytotoxicity test was carried out by usingmal fibroblasts L929 cell line to assess the
cytotoxicity of the most potent compoua8d against non-tumor cells, and SMART was utilized
as positive control. As shown in Table 3, the dimonstrated that the cytotoxicity of compound
13d (ICsp value 37.5 pM) was obviously weaker than SMARTs{Nalue 25.8 pM).

Table 3. Cytotoxicity test of compounti3d and SMART against L929 cells.

Compound (ICs50 = SD, uM)
13d 375+24
SMART 258120

2.2.2. Tubulin polymerizatiom vitro

In order to shed light on the biological mechaninthis series of compounds, the most potent
compoundl3d was selected to examine the antitubulin activitganwhile SMART was used as
positive control and taxol, the first compound kmot® interact with and stabilize tubulin , was
utilized as negative control. As shown in Fig.18d significantly exhibited antitubulin activity
which was very close to SMART. Additionally, compoll3d inhibited tubulin polymerization

in a dose-dependent manner. These data indicatedthis series of compounds most likely

targeted at tubulin.
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Fig. 4. Effects of compoundl3d (12.5-100 uM), paclitaxel (5pM), and SMART (10uM) on tubulin
polymerizationin vitro. The assay was performed using a fluorescence-timbatin polymerization assay kit
(Cytoskeleton-Cat. #8K011P). Absorbance was monitatedC every minute for 80 min.
2.2.3. Immunofluorescence staining of tubulin
To further investigate the impacts @Bd on intracellular microtubules, SGC-7901 cell was
utilized for immunofluorescence assay to directlyserve the changes in morphology of
microtubules and SMART was utilized as referenceshown in Fig. 5, the microtubule network
(green) in normal SGC-7901 cells was well-assemlalad evenly distributed in cytoplasm.
Treatment of SGC-7901 cells with 36 nf@-fold 1Csg) of SMART and 26 nM2-fold 1Cs) of
compound13d for 24 h, respectively, led to profound changesh& microscopic shape and
structure. The changes were outstandingly showtwin interrelated aspects: one is that the
cytoskeleton was destroyed and cell morphology ineceound; another one is the presence of
multinucleated cells. This phenomenon means thapoond13d may be a colchicine site binder,

similar to SMART.
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Fig. 5. Effects of SMART (36 nM) andl13d (26 nM) on the morphology of SGC-7901 cells by
immunofluorescence assay. Microtubule and unasshtbbulin were stained green; nuclei were stabled.

2.2.4. Cell cycle arrest

It was known that tubulin polymerization inhibitoceuld trigger the alteration of cell cycle
parameters resulting in a preferential G2/M bloekatherefore, cell cycle analysis assay was
performed to investigate the effects of the mosémpiocompound.3d on the cell cycle (Fig. 6).
SGC-7901 cells were incubated with SMART (36 nMy.EA) or13d (26 nM, Fig. 6B), and the
proportion of tested cells at different cell cypleases was analyzed by flow cytometry after 0, 12,
24, 36, 48, and 72 h of treatment, respectively.tles results depicted in Fig. 6A, SMART
induced a sharply decrease of G1 cell populatiow, an increase of G2/M cell population.
Meanwhile, massive multinucleated cells were ol=#rvwhich was consistent with the
immunofluorescence assay. As shown in Fig. 6B@BAM cell population increased significantly
from 24.47% to 59.62% after treatment with 26 nM1&d for 12 h. Thus, the cell cycle

distribution indicated that compoud@®d could arrest SGC-7901 cell in G2/M phase.
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Fig. 6. The effects of SMART (6A) an#l3d (6B) on the cell cycle distributions.

2.3. Molecular modeling

For the aim to research the potential binding mofi¢he target compounds, the most potent
compoundl3d was docked into the tubulin-CA-4 complex (PDB coBleYJ) by following the
procedure of our previous rep&tt.The docking-derived superimposition @8d (green), 4
(purple), and5 (yellow) was illustrated in the Fig. 7A.3d showed a binding pose similar to
compound#! and5, and the molecular skeletons of these three coeldell superimposed. As
the 2D diagram ot3d-tubulin interactions shown in Fig. 7B, the oxyggom of methoxyl group
at C4-position of A-ring which located firtubulin deeply could establish a hydrogen bondhwit

B-Cys241 (2.1R). Meanwhile, the methyl group at C4-position ofi which extended toward



a-tubulin could form alkyl hydrophobic interactiorittv a-Val181 (3.57A). The docking results

suggested thdt3d may exhibit its biological activities by binding tolchicine site.
S \v y ' (B) _Leu248

N Ala250

i Lys254

val181
X

Fig. 7. (A) Possible binding modes of compou#ds and13d in colchicine site (purplé; yellow-5; green13d);

(B) CompoundL3d-tubulin interactions (green dotted line represéyrogen bond, purple dotted line represents
alkyl hydrophobic interaction). All of the nonpolaydrogen atoms were removed for the purpose dfgla

3. Conclusion

A new series of 3,5-diarylH-pyrazolo[3,4b]pyridines was designed rationally through the
strategy of ring tethering which was supportedh®ydonformational analysis. All of the designed
compoundd 2a12m, 13a13h, and13l-13m were synthesized and characterized. MTT assay was
used to evaluate the antiproliferative activity lipnearily against three human tumor cells
(SGC-7901, A549, and HelLa) and most of the targetpounds showed potent inhibitory activity
at sub-micromolar to nanomolar level. The most potempoundl3d was selected to illuminate
the biological mechanism through tubulin polymeima assay, immunofluorescence staining,
and cell cycle analysis. Results indicated thad could inhibit tubulin assembly effectivein
vitro, destroy the skeleton of intracellular microtubsilgnificantly, and induce cell cycle arrest in
G2/M phase. Furthermore, molecular modeling stusiesved thafi3d could bind to colchicine
site strongly. More importantly, this successfulstance of molecular design based on
conformation revealed that “bent” conformation iscitical factor in the rational design of
SMART analogues. In addition, we believe that saim&n or ring-like polar fragments which are
beneficial to maintain the “bent” conformation d/I8RT analogues can probably be introduced
on B-ring to adjust the physicochemical propertiesas to meet the requirements of druggability.
It will be our main objective which should be rested continuously and the correlational study

will be duly published.



4. Experimental section
4.1. Chemistry

All of reagents and solvents were purchased froemital company. TLC analysis was used
for determining the extent of reactions under Whti(wavelength: 365 nm and 254 nrit. (600
MHz) and **C NMR (150 MHz) spectra were tested on a Bruker AMGE 600 by using
DMSO-ds or CDC} as solvent (0.03% TMS as internal reference) amréemperature. Melting
point was measured (uncorrected) on hot-stage sdope (Beijing Taike, X-4). Mass spectra
were performed on an Agilent 1100-sl mass spectremwith electrospray ionization (ESI)
source from Agilent Co.Ltd. High resolution massedminations (HRMS) for target compounds
were obtained on an Agilent 6530 accurate-mass @IOMS system.
4.1.1. Synthesis of intermediat@sc

The mixture of8 (10 mmol), CHCN (100 mmol), CuGl(0.3 mmol) and KOH (30 mmol) in
N,N-dimethylacetamide (DMA) was stirred vigorously endd, atmosphere at 26 for 24 h.
When the reaction was completed, the volatile sulveas removed under reduced pressure and
the unsolvable impurities were excluded by fil&d0 mL water was added into the filtrate, then
the pH was adjusted to 7 by slowly adding 20% hgularic acid and massive amounts of solid
precipitated out. Finally, the solid was collectsdfiltration and washed three times with water to
furnish intermediate8a-c as white solid with yield ranged from 72% to 76%.
4.1.1.1. 3-0x0-3-(3,4,5-trimethoxyphenyl)propaneleii(9a)
White solid, yield 75%H NMR (600 MHz, CDCJ): § 3.93 (6H, s), 3.95 (3H, s), 4.08 (2H, s),
7.15 (2H, s)MS (ESI): [M+H] = 236.1.
4.1.1.2. 3-0x0-3-(3,4-dimethoxyphenyl)propanerat(@b)
White solid, yield 76%H NMR (600 MHz, CDC)): 6 3.95 (s, 3H), 3.98 (s, 3H), 4.04 (s, 2H),
6.92 (d,J = 8.0 Hz, 1H), 7.49 (d] = 8.0 Hz, 1H), 7.51 (s, 1H). MS (ESI): [M+H§ 206.0.
4.1.1.3. 3-0x0-3-(4-methoxyphenyl)propanenitrde)(
White solid, yield 72%!H NMR (600 MHz, CDCJ): & 3.90 (s, 3H), 4.03 (s, 2H), 6.98 (ti= 8.9
Hz, 2H), 7.90 (dJ = 8.9 Hz, 2H). MS (ESI): [M+H]=176.1
4.1.2. Synthesis of key intermediafid¥a-c

To a solution o (5 mmol) andp-toluenesulfonic acid (TsOH, 0.1 mmol) in ethan@swv

added 80% hydrazine hydrate dropwise &C7®n completion of the reaction (TLC check), the



solvent was removed under reduced pressure andrtige product was purified by silica gel
column chromatography to afford intermediat@s:-c as white solid in excellent yields.
4.1.2.1. 3-(3,4,5-TrimethoxyphenylHpyrazol-5-amine {03
White solid, yield 93%'H NMR (600 MHz, DMSOd): & 3.66 (s, 3H), 3.81 (s, 6H), 4.75 (brs,
2H), 5.78 (s, 1H), 6.95 (s, 2H), 11.70 (brs, 1HB KESI): [M+H] = 250.1, [M+Na] = 272.1.
4.1.2.2. 3-(3,4-DimethoxyphenylHtpyrazol-5-amine {0b)
White solid, yield 93% H NMR (600 MHz, DMSO+dg): 8 3.76 (s, 3H), 3.79 (s, 3H), 4.71 (brs,
2H), 5.71 (s, 1H), 6.94 (d,= 8.3 Hz, 1H), 7.16 (ddl = 8.3, 1.9 Hz, 1H), 7.24 (d,= 1.9 Hz, 1H),
11.63 (brs, 1H). MS (ESI): [M+H]= 220.1.
4.1.2.3. 3-(3-Methoxyphenyl)H-pyrazol-5-amineX0¢
White solid, yield 95%:*H NMR (600 MHz, DMSO+dg): 8 3.76 (s, 3H), 4.70 (brs, 2H), 5.68 (s,
1H), 6.94 (d,J = 8.6 Hz, 2H), 7.57 (d) = 8.6 Hz, 2H), 11.68 (brs, 1H). MS (ESI): [M+H}
190.1.
4.1.3. Synthesis of target compourd@sm

To a solution ofLl0 (0.5 mmol) and H-indole-3-carbaldehyde derivativég (0.5 mmol) in 2
mL anhydrous methanol, AlIC(0.05 mmol) was added then the mixture was stifoed!-8 h in
15 mL heavy-wall pressure vessel al@0When the completion of reaction (TLC check), the
mixture was naturally cooled to room temperatunel #ne resulting solid was filtered. The crude
product was purified by silica gel column chromaggdy or recrystallization in ethyl acetate to
afford target compounde2am as white solid with yield ranged from 56% to 75%.
4.1.3.1. 2-(3-(3,4,5-TrimethoxyphenylHipyrazolo[3,4b]pyridin-5-yl)aniline (L2a)
White solid, yield 78%, mp 214-296, '"H NMR (600 MHz, DMSOdy): & 3.72 (s, 3H), 3.88 (s,
6H), 5.04 (s, 2H), 6.66-6.69 (m, 1H), 6.79 Jd; 8.1 Hz, 1H), 7.07-7.10 (m, 1H), 7.12 (b5 7.4
Hz, 1H), 7.25 (s, 2H), 8.48 (s, 1H), 8.56 (s, 118,81 (s, 1H)**C NMR (150 MHz, DMSOdy): 5
56.5 (2C), 60.6, 104.6 (2C), 112.5, 115.9, 11728.2, 129.0, 129.3, 129.4, 130.0, 131.3, 138.1,
143.4, 146.5, 150.3, 152.4, 153.8 (2C). HRMS (E&)cd. for GiH2oN4NaO; [M+Na]™ 399.1428,
found 399.1432.
4.1.3.2. 4-Methyl-2-(3-(3,4,5-trimethoxyphenylHdpyrazolo[3,4b]pyridin-5-yl)aniline (L2b)
White solid, yield 64%, mp 192-183, H NMR (600 MHz, DMSO+dg): 6 2.21 (s, 3H), 3.73 (s,

3H), 3.88 (s, 6H), 4.95 (s, 2H), 6.73 (U= 8.3 Hz, 1H), 6.92 (d] = 8.3 Hz, 1H), 6.96 (s, 1H),



7.24 (s, 2H), 8.48 (s, 1H), 8.56 (s, 1H), 13.8113); °C NMR (150 MHz, DMSOdg): & 20.5,
56.5 (2C), 60.6, 104.7 (2C), 112.4, 116.3, 12326.04, 129.3, 129.4, 129.5, 129.9, 131.7, 138.1,
143.4, 143.6, 150.3, 152.4, 153.8 (2C). HRMS (ESi)cd. for G;H,.N,NaO; [M+Na]* 413.1584,
found 413.1589.

4.1.3.3. 4-Methoxy-2-(3-(3,4,5-trimethoxyphenyhipyrazolo[3,4b]pyridin-5-yl)aniline (L2¢
White solid, yield 75%, mp 208-290, '"H NMR (600 MHz, DMSOdy): & 3.69 (s, 3H), 3.73 (s,
3H), 3.89 (s, 6H), 4.63 (s, 2H), 6.74-6.79 (m, 3HP5 (s, 2H), 8.53 (dl = 1.4 Hz, 1H), 8.62 (d]

= 1.4 Hz, 1H), 13.82 (s, 1H}*C NMR (150 MHz, DMSOde): & 55.8, 56.5 (2C), 60.6, 104.6 (2C),
112.4, 115.2, 116.3, 117.3, 124.2, 129.3, 129.8,113138.1, 140.1, 143.5, 150.3, 151.9, 152.4,
153.8 (2C). HRMS (ESI): calcd. for »@23N40; [M+H]" 407.1714, found 407.1717;
CoH,oNuNaO, [M+Na]* 429.1533, found 429.1537.

4.1.3.4. 5-Methyl-2-(3-(3,4,5-trimethoxyphenylHdpyrazolo[3,4b]pyridin-5-yl)aniline (L2d)

White solid, yield 63%, mp 180-182, H NMR (600 MHz, DMSO+dg): 6 2.22 (s, 3H), 3.73 (s,
3H), 3.88 (s, 6H), 4.96 (s, 2H), 6.50 M= 7.5 Hz, 1H), 6.62 (s, 1H), 7.01 @= 7.5 Hz, 1H),
7.24 (s, 2H), 8.44 (dl = 1.6 Hz, 1H), 8.54 (d] = 1.6 Hz, 1H), 13.79 (s, 1H)*C NMR (150 MHz,
DMSO-dq): 4 21.4, 56.4 (2C), 60.6, 104.6 (2C), 112.5, 11618.3, 120.6, 129.3, 129.4, 129.9,
131.2, 138.0, 138.1, 143.3, 146.2, 150.3, 152.43.8.52C). HRMS (ESI): calcd. for
CaH2N4NaO; [M+Na]® 413.1584, found 413.1588.

4.1.3.5. 5-Fluoro-2-(3-(3,4,5-trimethoxyphenyh-pyrazolo[3,4b]pyridin-5-yl)aniline (L2¢

White solid, yield 56%, mp 223-22@, '"H NMR (600 MHz, DMSOdy): & 3.73 (s, 3H), 3.88 (s,
6H), 5.38 (s, 2H), 6.43-6.46 (m, 1H), 6.57 Jd; 11.1 Hz, 1H), 7.12-7.14 (m, 1H), 7.25 (s, 2H),
8.45 (s, 1H), 8.52 (s, 1H), 13.82 (s, 1HC NMR (150 MHz, DMSQdy): 5 56.5 (2C), 60.6,
101.5 (dJ=23.9 Hz), 103.4 (d] = 21.6 Hz), 104.6 (2C), 112.5, 119.6, 128.4, 1283®.3, 132.8
(d, J = 10.3 Hz), 138.1, 143.4, 148.5 @= 11.7 Hz), 150.3, 152.5, 153.8 (2C), 164.1J¢;
238.8 Hz). HRMS (ESI): calcd. for ,¢H,0FN,O; [M+H]* 395.1514, found 395.1525;
CxH1dFN4NaO; [M+Na]® 417.1333, found 417.1351.

4.1.3.6. 5-Chloro-2-(3-(3,4,5-trimethoxyphenybtpyrazolo[3,4b]pyridin-5-yl)aniline (L2f)

White solid, yield 69%, mp 227-229, '"H NMR (600 MHz, DMSOdy): & 3.73 (s, 3H), 3.88 (s,
6H), 5.39 (s, 2H), 6.66 (d, = 7.7 Hz, 1H), 6.84 (s, 1H), 7.12 @~ 7.7 Hz, 1H), 7.24 (s, 2H),

8.47 (s, 1H), 8.53 (s, 1H), 13.84 (s, 1A} NMR (150 MHz, DMSOds): 5 56.5 (2C), 60.6,



104.6 (2C), 112.5, 114.7, 116.5, 122.0, 128.2,2,2930.2, 132.8, 133.4, 138.1, 143.5, 148.2,
150.1, 152.5, 153.8 (2C). HRMS (ESI): calcd. fosHGCIN,Os [M+H]" 411.1218, found
411.1217; GH1oCIN,NaO; [M+Na]* 433.1038, found 433.1056.

4.1.3.7. 5-Bromo-2-(3-(3,4,5-trimethoxyphenyhtbyrazolo[3,4b]pyridin-5-yl)aniline (L2¢)

White solid, yield 61%, mp 132-133, H NMR (600 MHz, DMSO+dg): 6 3.72 (s, 3H), 3.88 (s,
6H), 5.37 (s, 2H), 6.79 (dd,= 8.0 Hz,J = 2.0 Hz, 1H), 6.98 (d] = 2.0 Hz, 1H), 7.05 (d] = 8.0
Hz, 1H), 7.24 (s, 2H), 8.46 (d,= 1.9 Hz, 1H), 8.52 (d] = 1.9 Hz, 1H), 13.83 (s, 1H}*C NMR
(150 MHz, DMSO#k): 8 56.5 (2C), 60.6, 104.6 (2C), 112.4, 117.6, 1192.0, 128.2, 129.2,
129.8, 130.2, 133.1, 138.1, 143.5, 148.4, 150.2.515153.8 (2C). HRMS (ESI): calcd. for
CH20BrN4O5 [M+H] " 455.0713, found 455.0723.

4.1.3.8. 5-Methoxy-2-(3-(3,4,5-trimethoxyphenyh-pyrazolo[3,4b]pyridin-5-yl)aniline 2h)
White solid, yield 65%, mp 202-26@, '"H NMR (600 MHz, DMSOdy): & 3.72 (s, 3H), 3.73 (s,
3H), 3.88 (s, 6H), 5.08 (s, 2H), 6.28 (dd= 8.6 Hz,J = 2.5 Hz, 1H), 6.39 (d] = 2.5 Hz, 1H),
7.04 (d,J = 8.6 Hz, 1H), 7.24 (s, 2H), 8.42 @= 1.9 Hz , 1H), 8.53 (d] = 1.9 Hz, 1H), 13.77 (s,
1H); *C NMR (150 MHz, DMSOdg): & 55.2, 56.4 (2C), 60.6, 100.9, 103.4, 104.6 (2@p.5,
116.4, 129.2, 129.4, 129.8, 132.1, 138.1, 143.3,614150.4, 152.3, 153.8 (2C), 160.4. HRMS
(ESI): calcd. for GH,,NiNaO, [M+Na]* 429.1533, found 429.1557.
4.1.3.9.N,5-dimethyl-2-(3-(3,4,5-trimethoxyphenylHtpyrazolo[3,4b]pyridin-5-yl)aniline (L2i)
White solid, yield 75%, mp 232-233, H NMR (600 MHz, DMSO+dg): 6 2.30 (s, 3H), 2.65 (d}
=5.0 Hz, 3H), 3.72 (s, 3H), 3.88 (s, 6H), 5.18X¢g,5.0 Hz, 2H), 6.47 (s, 1H), 6.52 @= 7.4 Hz,
1H), 7.00 (d,J = 7.4 Hz, 1H), 7.23 (s, 2H), 8.40 (@= 1.9 Hz, 1H), 8.48 (d) = 1.9 Hz, 1H),
13.80 (s, 1H)*C NMR (150 MHz, DMSOdg): & 21.9, 30.6, 56.4 (2C), 60.6, 104.6 (2C), 111.0,
112.5, 117.3, 121.4, 129.0, 129.3, 130.1, 130.4,(0,3138.1, 143.4, 147.4, 150.6, 152.5, 153.8
(2C). HRMS (ESI): calcd. for GH-sN4O3 [M+H]" 405.1921, found 405.1929;,4,,N,NaO;
[M+Na]* 427.1741, found 427.1748.

4.1.3.10. 5-FluordN-methyl-2-(3-(3,4,5-trimethoxyphenyl)Htpyrazolo[3,4b]pyridin-5-yl)
aniline(12))

White solid, yield 66%, mp 260-282, *H NMR (600 MHz, DMSOd): & 2.65 (d,J = 4.8 Hz,
3H), 3.72 (s, 3H), 3.88 (s, 6H), 5.55 (= 4.8 Hz, 1H), 6.40-6.42 (m, 1H), 6.45-6.48 (m,)1H

7.10-7.13 (m, 1H), 7.24 (s, 2H), 8.41 (& 1.7 Hz, 1H), 8.47 (d] = 1.7 Hz, 1H), 13.83 (s, 1H);



%C NMR (150 MHz, DMSOde): 5 30.5, 56.4 (2C), 60.6, 97.0 @z 26.0 Hz), 102.1 (d] = 21.6
Hz), 104.7 (2C), 112.6, 120.3 (@~ 1.7 Hz), 128.1, 129.2, 130.8, 132.4 & 10.4 Hz), 138.1,
143.5, 149.6 (dJ = 11.4 Hz), 150.6, 152.6, 153.8 (2C), 164.0)d; 241.3 Hz). HRMS (ESI):
calcd. for GoH»;FNyNaO; [M+Na]* 431.1490, found 431.1502.
4.1.3.11. 5-ChlordN-methyl-2-(3-(3,4,5-trimethoxyphenylHtpyrazolo[3,4b]pyridin-5-yl)
aniline (L2K)
Pale yellow solid, yield 72%, mp 269-2€1, '"H NMR (600 MHz, DMSO«d): & 2.65 (d,J = 4.7
Hz, 3H), 3.72 (s, 3H), 3.88 (s, 6H), 5.56 J&; 4.7 Hz, 1H), 6.60 (d] = 1.8 Hz, 1H), 6.70 (dd} =
7.9 Hz,J = 1.8 Hz, 1H), 7.11 (d] = 7.9 Hz, 1H), 7.23 (s, 2H), 8.42 @= 1.7 Hz, 1H), 8.48 (d]
= 1.7 Hz, 1H), 13.84 (s, 1H}*C NMR (150 MHz, DMSOde): & 30.4, 56.4 (2C), 60.6, 104.7 (2C),
109.6, 112.5, 115.7, 122.9, 127.8, 129.2, 130.8,513.34.3, 138.1, 143.6, 149.0, 150.4, 152.7,
153.8 (2C). HRMS (ESI): calcd. for,1,,CIN,O3 [M+H] " 425.1375, found 425.1384.
4.1.3.12. 2-(3-(3,4-dimethoxyphenylHipyrazolo[3,4b]pyridin-5-yl)-5-methylaniline L2[)
White solid, yield 68%, mp 239-24a, '"H NMR (600 MHz, DMSOdy): & 2.22 (s, 3H), 3.82 (s,
3H), 3.86 (s, 3H), 4.91 (s, 2H), 6.50 (dds 7.5 Hz,J = 0.9 Hz, 1H), 6.62 (s, 1H), 6.99 @= 7.5
Hz, 1H), 7.09 (dJ = 8.0 Hz, 2H), 7.56-7.57 (m, 2H), 8.42 (&= 1.9 Hz, 1H), 8.52 (d] = 1.9 Hz,
1H), 13.70 (s, 1H)**C NMR (150 MHz, DMSOdy): 5 21.4, 55.9, 56.0, 110.3, 112.4, 112.5, 116.3,
118.3, 119.8, 120.7, 126.5, 129.3, 130.0, 131.8,11.3143.2, 146.2, 149.4, 149.5, 150.2, 152.4.
HRMS (ESI): calcd. for §H,oN,NaO, [M+Na]" 383.1478, found 383.1498.
4.1.3.13. 2-(3-(4-methoxyphenylHipyrazolo[3,4b]pyridin-5-yl)-5-methylaniline {2m)
White solid, yield 65%, mp 236-238, H NMR (600 MHz, DMSO+dg): 6 2.23 (s, 3H), 3.82 (s,
3H), 4.89 (s, 2H), 6.50 (dd,= 7.6 Hz,J = 0.7 Hz, 1H), 6.62 (s, 1H), 6.99 @= 7.6 Hz, 1H),
7.08 (d,J = 8.7 Hz, 2H), 7.97 (d] = 8.7 Hz, 2H), 8.40 (d] = 1.8 Hz , 1H), 8.52 (d] = 1.8 Hz,
1H), 13.69 (s, 1H)**C NMR (150 MHz, DMSOde): & 21.4, 55.6, 112.4, 114.9 (2C), 116.2, 118.2,
120.8, 126.4, 128.4 (2C), 129.3, 130.0, 131.2,1,3843.1, 146.2, 150.1, 152.4, 159.7. HRMS
(ESI): calcd. for GgH1gNsNaO [M+Na] 353.1373, found 353.1397.
4.1.4. Synthesis of target compouridst:h

The mixture ofl2 (0.2 mmol) and isoamyl nitrite (0.3 mmol) in THRsvstirred for 2-6 h at

room temperature. The solvent was removed undeicestipressure and the residue was purified



by silica gel column chromatography to afford téargempoundsl3ah as white solid with yield
ranged from 64% to 83%.

4.1.4.1. 5-Phenyl-3-(3,4,5-trimethoxyphenyh-pyrazolo[3,4b]pyridine (133a)

White solid, yield 72%, mp 172-1%@, '"H NMR (600 MHz, DMSOdy): & 3.79 (s, 3H), 3.97 (s,
6H), 7.32 (s, 2H), 7.46-7.48 (m, 1H), 7.56-7.59 2H), 7.89 (d,) = 7.4 Hz, 2H), 8.70 (d] = 1.8

Hz ,1H), 8.93 (dJ = 1.8 Hz 1H), 13.93 (s, 1H}’C NMR (150 MHz, DMSQdy): & 56.5 (2C),
60.6, 104.7 (2C), 112.6, 127.8 (2C), 127.9, 128289.2, 129.6 (2C), 130.3, 138.2, 138.5, 143.7,
148.8, 152.9, 153.8 (2C). HRMS (ESI): calcd. forHGoNsNaO; [M+Na]™ 384.1319, found
384.1325.

4.1.4.2. 5/n-Tolyl)-3-(3,4,5-trimethoxyphenyl)H-pyrazolo[3,4b]pyridine (L3b)

White solid, yield 67%, mp 158-160, H NMR (600 MHz, DMSO+dg): 6 2.41 (s, 3H), 3.74 (s,
3H), 3.91 (s, 6H), 7.23 (&, = 7.4 Hz, 1H), 7.26 (s, 2H), 7.39-7.42 (m, 1HBL7(d,J = 7.8 Hz,
1H), 7.65 (s, 1H), 8.62 (d,= 2.0 Hz, 1H), 8.86 (d] = 2.0 Hz, 1H), 13.87 (s, 1H)*C NMR (150
MHz, DMSOd): 4 21.6, 56.5 (2C), 60.6, 104.8 (2C), 112.6, 12428.2, 128.5, 128.6, 129.2,
129.4, 130.4, 138.2, 138.4, 138.8, 143.7, 148.2.815153.8 (2C). HRMS (ESI): calcd. for
C2H21N3NaO; [M+Na]® 398.1475, found 398.1481.

4.1.4.3. 5-(3-Methoxyphenyl)-3-(3,4,5-trimethoxypl§-1H-pyrazolo[3,4b]pyridine (130

White solid, yield 75%, mp 173-1%5, '"H NMR (600 MHz, DMSOdy): & 3.74 (s, 3H), 3.85 (s,
3H), 3.92 (s, 6H), 6.97-6.99 (m, 1H), 7.28 (s, 2AHRB9-7.44 (m, 3H), 8.66 (d,= 1.7 Hz, 1H),
8.89 (d,J = 1.7 Hz, 1H), 13.87 (s, 1H)*C NMR (150 MHz, DMSOdg): & 55.7, 56.5 (2C), 60.6,
104.7 (2C), 112.5, 113.2, 113.8, 120.1, 128.6,2,2930.2, 130.6, 138.2, 140.0, 143.8, 148.9,
152.9, 153.8 (2C), 160.3. HRMS (ESI): calcd. foshGNz0, [M+H] " 392.1605, found 392.1624.
4.1.4.4. 54-Tolyl)-3-(3,4,5-trimethoxyphenyl)H-pyrazolo[3,4b]pyridine (13d)

White solid, yield 83%, mp 183-185, '"H NMR (600 MHz, DMSOdy): & 2.37 (s, 3H), 3.73 (s,
3H), 3.91 (s, 6H), 7.26 (s, 2H), 7.32 (= 7.9 Hz, 2H), 7.72 (d] = 7.9 Hz, 2H), 8.60 (d] = 2.0
Hz, 1H), 8.85 (dJ = 2.0 Hz, 1H), 13.84 (s, 1H}°C NMR (150 MHz, DMSOde): & 22.6, 56.5
(2C), 60.6, 104.7 (2C), 112.6, 127.7 (2C), 12829.2, 130.2 (2C), 130.3, 135.6, 137.3, 138.2,
143.6, 148.7, 152.8, 153.8 (2C). HRMS (ESI): calcd. CyoH2N305 [M+H] 376.1656, found
376.1655; GH»;NsNaO; [M+Na]* 398.1475, found 398.1476.

4.1.4.5. 5-(4-Fluorophenyl)-3-(3,4,5-trimethoxypkBlH-pyrazolo[3,4b]pyridine (136



White solid, yield 75%, mp 218-239, H NMR (600 MHz, DMSO+dg): 6 3.74 (s, 3H), 3.91 (s,
6H), 7.27 (s, 2H), 7.34-7.37 (m, 2H), 7.88-7.90 #H), 8.64 (dJ = 1.5 Hz, 1H), 8.86 (d] = 1.5
Hz, 1H), 13.87 (s, 1H)**C NMR (150 MHz, DMSQd): 8 56.5 (2C), 60.6, 104.8 (2C), 112.5,
116.3 (2C, dJ = 21.3 Hz), 128.4, 129.3, 129.9 (2CJds 8.0 Hz), 130.1, 135.0 (d,= 2.6 Hz),
138.2, 143.8, 148.8, 152.8, 153.8 (2C), 163.2 Xd&; 245.6 Hz). HRMS (ESI): calcd. for
CxH1gFN3Os [M+H]" 380.1405, found 380.1406;,15FNsNaQ; [M+Na]® 402.1224, found
402.1229.

4.1.4.6. 5-(4-Chlorophenyl)-3-(3,4,5-trimethoxypkBfilLH-pyrazolo[3,4b]pyridine (13f)

White solid, yield 64%, mp 220-2XT, H NMR (600 MHz, DMSO+dg): 6 3.74 (s, 3H), 3.91 (s,
6H), 7.27 (s, 2H), 7.57 (d,= 8.5 Hz, 2H), 7.88 (d] = 8.5 Hz, 2H), 8.67 (d] = 2.0 Hz, 1H), 8.88
(d, J = 2.0 Hz, 1H), 13.90 (s, 1H}*C NMR (150 MHz, DMSQd): 5 56.5 (2C), 60.6, 104.8 (2C),
112.5, 128.6, 129.0, 129.1, 129.4 (2C), 129.6 (2B2.9, 137.4, 138.2, 143.8, 148.7, 152.9, 153.8
(2C). HRMS (ESI): calecd. for £HsCINsO; [M+H]" 396.1109, found 396.1105;
C2H1gCIN3NaQ; [M+Na]* 418.0929, found 418.0926.

4.1.4.7. 5-(4-Bromophenyl)-3-(3,4,5-trimethoxyphBsiyH-pyrazolo[3,4b]pyridine (139

White solid, yield 71%, mp 250-282, '"H NMR (600 MHz, DMSOdy): & 3.74 (s, 3H), 3.91 (s,
6H), 7.27 (s, 2H), 7.70 (d,= 8.5 Hz, 2H), 7.81 (d] = 8.5 Hz, 2H), 8.67 (d] = 2.0 Hz, 1H), 8.87
(d, J = 2.0 Hz, 1H), 13.90 (s, 1H)*C NMR (150 MHz, DMSOd): 5 56.5 (2C), 60.6, 104.8 (2C),
112.5,121.5, 129.1, 130.0 (2C), 130.1, 132.4 (2GJ,7, 138.2, 143.9, 148.7, 152.9, 153.8 (2C).
HRMS (ESI): calcd. for §H1gBrNsNaO; [M+Na]* 462.0424, found 462.0435.

4.1.4.8. 5-(4-Methoxyphenyl)-3-(3,4,5-trimethoxypl§-1H-pyrazolo[3,4b]pyridine (13h)

White solid, yield 70%, mp 199-26@, '"H NMR (600 MHz, DMSOdy): & 3.73 (s, 3H), 3.82 (s,
3H), 3.91 (s, 6H), 7.08 (d,= 8.7 Hz, 2H), 7.26 (s, 2H), 7.77 @z 8.7 Hz, 2H), 8.57 (d] = 1.3
Hz, 1H), 8.84 (dJ = 1.3 Hz, 1H), 13.82 (s, 1H}°C NMR (150 MHz, DMSOde): & 55.7, 56.5
(2C), 60.6, 104.6 (2C), 112.6, 115.0, 127.6, 179@®), 129.2, 130.1, 130.8, 138.1, 143.5, 148.6,
152.6, 153.8 (2C), 159.4. HRMS (ESI): calcd. feshGNz0, [M+H] " 392.1605, found 392.1625;
CaH2iN3sNaO, [M+Na]" 414.1424, found 414.1447.

4.1.4.9. 3-(3,4-dimethoxyphenyl)-p-(olyl)-1H-pyrazolo[3,4b]pyridine (13)

White solid, yield 53%, mp 229-231, H NMR (600 MHz, DMSO+dg): 6 2.38 (s, 3H), 3.84 (s,

3H), 3.88 (s, 3H), 7.11 (d,= 7.6 Hz, 1H), 7.33 (d] = 7.8 Hz, 2H), 7.57 (s, 1H), 7.66 (@l= 7.6



Hz, 1H), 7.73 (dJ = 7.8 Hz, 2H), 8.61 (s , 1H), 8.85 (s, 1H), 13(851H);**C NMR (150 MHz,
DMSO-dg): 4 21.2, 56.0, 56.1, 110.3, 112.5, 120.0, 126.4,6.23C), 127.9, 130.1 (3C), 135.6,
137.2, 143.5, 148.6, 149.5, 149.6, 152.8. HRMS YES3licd. for G;H,oN30, [M+H]" 346.1550,
found 346.1559.

4.1.4.10. 3-(4-methoxyphenyl)-p-€olyl)-1H-pyrazolo[3,4b]pyridine (13m)

White solid, yield 50%, mp 197-189, '"H NMR (600 MHz, DMSOdy): & 2.38 (s, 3H), 3.84 (s,
3H), 7.11 (dJ = 8.8 Hz, 2H), 7.33 (d] = 7.9 Hz, 2H), 7.74 (d] = 7.9 Hz, 2H), 8.05 (d] = 8.8
Hz, 2H), 8.63 (dJ = 2.0 Hz, 1H), 8.84 (d] = 2.0 Hz, 1H), 13.74 (s, 1H}*C NMR (150 MHz,
DMSO-dg): 6 21.2, 55.7, 112.4, 114.9 (2C), 126.2, 127.6 (2A2).9, 128.5 (2C), 130.0, 130.1
(2C), 135.5, 137.2, 143.4, 148.5, 152.8, 159.7. MR{ESI): calcd. for gHigNzO [M+H]"
316.1444, found 316.14583¢1/NsNaO [M+Na] 338.1264, found 338.1278.

4.2. Biology experiments

4.2.1. Antiproliferation assaw vitro

The antiproliferative activitiegn vitro of SMART and all the target compound2&m, 13ah
and13l-m) were tested by MTT assay followed the procedasegrevious repoﬁ?l

4.2.2. Tubulin polymerizatiom vitro

The tubulin polymerization assay was performed &ingithe commercial tubulin polymerization
assay kit (Cytoskeleton-Cat. #BK011P) referrechtogrotocol of manufacturer.

4.2.3. Immunofluorescence staining of tubulin

Immunofluorescence staining studies of SMART andmmmd13d were investigated using the
reported methotf?

4.2.4. Cell cycle arrest

Cell cycle analysis assay was followed the procediirelevant repof?

4.3. Computational assay

4.3.1. DFT computation

Structural optimization of compoun@®s6 were performed at B3LYP/6-31G(d) level of Gaussian
09 softwaré?! The results of optimization showed the energyved tonformations for any
molecule, and the unit a.u. of original energy ealas converted into standard unitnkdl™ (1
a.u. = 2625.50 kthol™). The results were listed Fable 1.

4.3.2. Molecular modeling



The molecular modeling studies were performed kigiguéccelrys Discovery Studio 3.0. The
X-ray crystal structures of tubulin in complex wifiA-4 (PDB: 5LYJ) was downloaded from the
RCSB Protein Data Bank (http://www.rcsb.org/stroetblLYJ). The ligand4, 5, and13d were
energy-minimised with the CHARMmM force-field andc#ted into colchicine binding site using
CDOCKER protocol. The pictures in Figure 6 werdedlwith Discovery Studio 4.5 Visualizer.
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Highlights
Conformations of SMART analogues were analyzed based on DFT calculation.
Target compounds were design rationally via ring tethering strategy.
Most of the target compounds showed significant antiproliferative activities.
Compound 13d inhibited tubulin polymerization and caused cells arrest in G2/M phase.

The binding mode of 13d was determined by docking studies.



