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Abstract: Topoisomerases (topo-I and topo-1l) have occupiesigaificant role in DNA
replication, transcription, and are a promising eé&tantitumor targetsin the present
approach, a series of neys-dmidotriazole linked podophyllotoxin derivatives0é-i and
11la-k) were designed, synthesized by employing the atickmistry and their biological
activities were evaluated. The majority of derivai showed promising antiproliferative
activity with ICso values ranging from 1-10M on the six human cancer cell lines; cervical
(HeLa), breast (MCF-7), prostate (DU-145), lung 485 liver (HepG2) and colon (HT-29).
Among them, some of the congené&fdb, 10g and10i have shown remarkable cytotoxicity
with 1Cs values of, < 1uM against the tested cancer cell lines and founetonore active
than etoposide. Topoisomerase-mediated DNA relaxatissay results showed that the
derivatives could efficiently inhibit the activitpf topoisomerase-ll. In addition, flow
cytometry analysis on DU-145 cells revealed thas¢hcompounds arrest G2/M phase of cell
cycle. Further apoptotic studies were also performe these DU-145 cells, which showed

that this class of compounds could induce apoptftastively.

Keywords: Triazole; topo-Il inhibition; anticancer activitgell cycle; apoptosis
Introduction

Chemotherapy is one of the most prominent treatnagproaches for cancer [1]. Even
though a huge number of anticancer drugs are &laila the market, their utility is limited
due to prominent side effects instead of theirctele toxicity and outcome of resistance [2].
The ultimate goal of cancer chemotherapy is to peceda drug that can selectively destroy
cancer cells without having any significant effeatsnormal cells. Moreover, intense efforts
have focused on the development of novel antituagents with selective cytotoxicity

against resistance tumor cells.

Natural products have long served as lead compadiendse development of molecules with
optimized pharmacological properties for a varigtyliseases, including cancer [3-5]. In this
context, podophyllotoxin is a well-established leadthe development of new chemical
agents for the treatment of cancer [6]. The semikmtic derivatives of podophyllotoxin like
etoposide and teniposide inhibit DNA topoisomeriidey stabilizing the topoisomerase-li
via binding covalently with DNA and are used agtmariety of cancers [7-8]. However,
their therapeutic use has encountered certaindiioits such as acquired drug resistance [9],
cytotoxicity towards normal cells, poor aqueousubiity [10]. Extensive synthetic efforts

have been carried out by a number of research graugmprove the selectivity as well as



DNA topoisomerase-II inhibition [11-13]. Previousports suggested that the core structural
features like transfusedlactone, fused dioxole ring, and the orthogonegfrotating 3,4,5-
trimethoxyphenyl fragment are considered essenf@ the cytotoxic activity of
podophyllotoxin derivatives [14-15]. It has alscehendicated in the literature that bulkier
substituents at C-4 position of podophyllotoxin alsuenhances the cytotoxicity and DNA
topoisomerase-Il inhibition activity [16-17]. Cuntty, some of these synthetic
podophyllotoxin derivatives are being used in tteatment of several cancers [18-19] and
many of them have entered clinical trials for tteatment of diverse neoplasnisgure 1). It
was found that most of these podophyllotoxin de¢iwes induce apoptosis by inhibiting
topoisomerase Il [20]. Hence, a significant pie€attention has been diverted towards the
structural modification of podophyllotoxin to dewpl new therapeutic agents because of the
development of resistance towards etoposide [21-23]

On the other aspect, nitrogen containing heteracyabtifs such as triazoles play a key role
in enhancing the cytotoxicity towards the cancdlsdeecause of their improved solubility
and pharmacokinetic parameters at the bindind2#€5]. In addition, 1,2,3-triazoles have a
high dipole moment and are able to participatevalgtiin hydrogen bonding as well as in
dipole-dipole andrn stacking interactions, which help them in bindiegsily with the
biological targets to improve their solubility [28h continuation of our efforts to improve
the cytotoxicity of podophyllotoxin [27], herein weport the design and synthesis of a series
of 4p-amidotriazole linked podophyllotoxin derivatives itmprove its potency by the
incorporation of the amido-triazolic group at the4Qosition, which can increase the

solubility and pharmacokinetic parameters of theéqmiyllotoxin skeleton.
<Fig. 1>
2. Results and Discussion

2.1. Chemistry

The synthetic route adopted to obtain compoutfsa-{ and1la-K) is depicted irScheme 1
The main precursor’s aryl azidekafi), benzyl azides2@-k) and 4-aminopodophyllotoxin
(9) were prepared by using reported methods [28]. tfiagole acid intermediate$d-i and
7a-k) were synthesized by the reaction of ethyl pr@i®with different azides by employing
the click chemistry protocol to produce triazolistexs 4a-i and 5a-k), which upon base

hydrolysis afforded triazolic acid€4-i and 7a-k) in good yields. Subsequently, the acids



were coupled with gaminopodophyllotoxin g in the presence of N-(3-
dimethylaminopropylN’-ethylcarbodiimide hydrochloride (EDCI), and 1-
hydroxybenzotriazole (HOBT) in anhydrous DMF und&rogen atmosphere to provided the
desired #-amidotriazole linked podophyllotoxin derivativek0g-i and11a-K) in best yields
(75-90%) and all these compounds were charactebyezpectroscopic studies (NMR, MS,
and HRMS).

< Scheme 1>
< Scheme 2>

2.2. Antiproliferative activity

MTT assay [29] was performed to evaluate the cyiot@ffects of all newly synthesized
analogues of gramidotriazole linked podophyllotoxin against tleéested human cancer cell
lines, and the results were summarized ag V@lues inTable 1 As shown inTable 1,
several of the framidotriazole linked podophyllotoxin derivativesosved enhanceih vitro
cytotoxic activity with 1Go values of 1-10uM, whereas the compounds did not show
significant cytotoxicity on NIH/3T3 skin fibroblastells and some of the compounti3a,
10b, 10g 10i, 11band11hdisplayed potent broad-spectrum of activities iasjaall the tested
cell lines. The compoundidb, 10g, and10i exhibited significant cytotoxicity with the kg
values of < 1uM and were superior to etoposide. Moreover, comgdolidg exhibited
remarkable cytotoxicity with the kg values in the range of 0.70-4.1M and was most
promising compound in the series. For instancevicar (Hela), breast (MCF-7), prostate
(DU-145), lung (A549), liver (HepG2) and colon (FZB) were affected by 0g with 1Cs
values of 0.78, 0.97, 0.70, 1.20, 0.78 and 4M, respectively. LikewiselOb exhibited
6.49, 1.10, 0.99, 1.61, 2.79 and 1M whereaslOi showed 1.21, 1.35, 0.89, 1.96, 1.21 and
4.40 uM against these human cancer cell lines (HeLa, MCBU-145, A549, HepG2 and
HT-29), respectively and the 4¢of etoposide employed as a standard drug ranges 1r62

to 2.84uM.

Based on the cytotoxicity results, the structuriévayg relationship (SAR) was examined for
these #-amidotriazole linked podophyllotoxin derivatives0@-i and 11a-K) to investigate

the effect of electron donating methoxy, methyleoeyl as well as electron withdrawing
groups like chloro, fluoro and trifluoromethyl ggmaion cancer cell toxicity. By comparing

the cytotoxicity values of compounds with differesafstitutions, it was clearly observed that



the aryl triazolic-amide derivativea € 0, 10a-) shown higher cytotoxicity in comparison to
their corresponding benzyl triazolic-amide derivad 6 = 1, 11a-RB. In case of aryl
triazolic-amide derivatives, chloro substituent teamng compound 10g at position-4
exhibited high cytotoxicity (0.70-4.11M) against the tested cell lines and trifluoro Iyt
methoxy substituted compound$0p; 0.99-11.40uM and 10i; 0.89-4.40uM) have also
shown promising inhibition values than the othebstiluents i.e., fluoro, 3,4-dimethoxy,
3,4,5-trimethoxy and 3,4-methylenedioxy groups tmaricompounds. Subsequently, the
benzyl triazolic-amide derivatives of podophyllotox (11a-k) displayed moderate
cytotoxicity. The cytotoxicity data indicates thhe strong electron withdrawing groups like
chloro, trifluoromethyl at position-4 in aryl triakic-amide derivatives exhibited superior

cytotoxicity than the standard.
<Table 1>

2.3. Cell cycle analysis

To understand the mode of action of the most aaompounds J0b, 10g, and 10i), we
examined the effects on cell cycle [30] by flow aytetry in DU-145 cancer cells. In this
study, DU-145 cells were treated with mentioned poumds for 24 h at indicated
concentrations. The compounti8b, 10g, and10i at 0.5 uM showed 56.71%, 31.94% and
52.42% and at 1 uM 64.3%, 35.61% and 56.16% of astumulation in G2/M phase,
whereasVP-16 (etoposide) showed 71.53% at 2 uM concentratidng. (2). The data
obtained clearly indicated that these compoundidittg VP-16 leads to G2/M cell cycle
arrest of DU-145 cells.

<Fig. 2>

2.4. DNA topoisomerase-Il inhibition assay

Topoisomerase Il inhibition assay was performedisipg Topoisomerase Il Drug Screening
Kit (TG1009, TopoGEN, USA) with etoposide as thanstard. The DNA substrate, pHOT1
was included in the assay as supercoiled DNA, Isaf its small size and easy to handle
and has a large number of Topo Il recognition elmeThe assay system is based on
evaluating the formation of DNA cleavage produptsnarily linearized DNA (linear DNA)
by topo-1l enzymes [31-32].

<Fig. 3>



From the results, it was observed that catenated Ddated with topoisomerase Il (5units)
has shown nicked circular and relaxed circular Dh#hout any catenated DNA in the wells
as represented in the lane D (Fig. 3). Catenated DNthe presence of topoisomerase |l
incubated with etoposide (Lane E) has shown cleaat DNA formation, indicating that it
acts as IFP (Interfacial Poisons) which blocks tbgealing of the double-stranded DNA
(dsDNA). Catenated DNA in the presence of topoisase || incubated with compoud@®b,
10g and10i inhibited the topoisomerase Il activity represdniane F, G, H) by the presence
of catenated DNA in the well, whereas compow@ and 10g showed clear linear DNA
formation similar to etoposide as represented m well (lane F and G) indicated the

inhibition of topo-II.
2.5. Apoptotic studies

2.5.1. Determination of morphological changes

To examine whether the treatment with these comg®would lead to loss of cell viability
and induce apoptosis, DU-145 cells were treatetl thiégse compound4@b, 10g, and10i).
Cells were observed, and photographs were takdnpliése contrast microscope [33]. It can
be inferred from Fig. 4, that the treatment wites compounds resulted in reduced number
of viable cells in comparison to the vehicle-trelatentrol cells as observed by the distinctive
morphological features such as cells detachmemb fsobstratum and shrinkage of cells.
Even though three compounds have shown morphologitects, compound40b and 10i

had determinant morphological changes comparduketstandard VP-16 (Fig. 4).

<Fig. 4>

2.5.2.Apoptosis by Hoechst staining

Nuclear fragmentation, chromatin condensation, aodlear shrinkage are the foremost

characteristics of apoptosis. Morphological assessraf these characteristics for apoptosis
was performed with Hoechst staining [34]. In ouggant study, apoptosis-inducing the effect
of compoundsvVP-16, 10b, 10g, and 10i where studied in DU-145 cells. Cells treated with
compoundsVP-16, 10b, 10g, and 10i at indicated concentrations for 24 h disclosed the
apoptotic characteristics such as condensed agthéated nuclei. These results revealed
that the compoundgP-16, 10b, 10g, and 10i were effective in inducing cellular apoptosis

(Fig. 5).



<Fig. 5>
2.5.3. Measurement of mitochondria membrane poterdal (A¥m)

Mitochondria membrane potentialm) was determined by the JC-1 dye. Cells with intac
mitochondrion with energized membrane potentiamghoed aggregates in the presence of
JC-1 dye [35]. Potent apoptotic inducers show grifaerescence by losing the membrane
potential as de-energized. Cells treated with tltesepoundg10b, 10g, and10i) as well as
VP-16 showed the increased green fluorescenc®¥Rrl6, 10b, and 10i treated cells as
compared to untreated (Fig. 6), wheré@g has not shown significant green fluorescence in
comparison with untreated cell control, indicatthgt compound40b and10i could induce

depolarization of mitochondrial membrane poter(fiad). 6).
<Fig. 6>
2.5.4. Measurement of reactive oxygen species (ROS)

Accumulation ofROSin the DU-145 cells treated witiP-16, 10b, 10gand10i for 24 h was
estimated by 2’, 7'— dichlorofluorescein diacetddFDA). It is a non-fluorescent substance
and it is converted to 2’, 7'—dichlorofluorescedCF), inside the cells through oxidation by
ROS [36]. Upon treatment with these compoundsditated concentrations, increased ROS
production was observed in dose dependent-mannaomparison toVP-16. Whereas

compound10g has shown equal ROS production and dose dependeasynot observed
(Fig. 7).

<Fig. 7>
2.5.5. Scratch assay

As migration is an important characteristic for asatic cancers, the effect of these
compoundg¢10b, 10g,and10i) on migration of cancer cells was investigated bgtet assay
[37]. After 0, 24 and 48 h study revealed that tfteatmentby 10b and 10i resulted in
decreased cell migration compared to VP-16. Howesempoundl10g did not show any

significant decrease in the cell migration (Fig. 8)
<Fig. 8>

2.5.6.Annexin V/PI staining assay



Quantification of apoptosis induced by these compsuwas determined by using annexin
V-FITC-PI staining [38]. This assay is a proventhogl that differentiates the extent of live,
early apoptotic, late apoptotic and necrotic catisshown in Fig. 9The percentage of early
apoptotic cells in the increased by 6.7% and 7.61%5 uM whereas 7.0% and 17.65% at 1
MM in comparison to/P-16 that has shown 4.52% at 2 uM ah@g did not show any
significant increase in the activity. Thereforegdh results have proved that the compounds

10b and10i induced apoptosis in a dose-dependent mannerqFig.
<Fig. 9>

2.6. Molecular docking study

Cytotoxicity and enzymatic assay results of newlgsigned podophyllotoxin-triazole
conjugates (especially conjugatedb, 10gand10i) encouraged us to perform their molecular
docking studies at EVP binding pocket of DNA-topoieerase-d to explore the binding
pose and protein-small molecule interactions. Asilar to co-crystal ligand (EVP), chiral
centers present in these conjugates lead to aigaimique conformation to fit well into the
binding pocket (Fig. 10A) and showing intercalatiith DNA structure present in target
protein (Fig. 10B).

<Fig. 10>

These conjugates contain aromatic, acyclic ringesys along with a good number of
heteroatoms hence they show hydrogen bonding ashlyobic interactions with the target
protein. Interactions shown by these conjugate wattget protein are similar due to the
similarity in the binding pose. Oxygen atom presenthe trimethoxy phenyl ring shows
hydrogen bonding (red dashed lines as shown inrdiglilA, 11B and 11C) with
anamideNHgroup of Asp463. Oxygen atom presentarale ring shows hydrogen bonding
with side chain NH of Arg487 and amide NH presenthiese conjugate showing interaction
with thecarbonyl oxygen of DG13. In addition, Clda@F; groups present in conjugat@g

and10i respectively are showing interactions with sideircihgdroxyl groups of Ser802.
<Fig. 11>

In addition to the above mentioned strong intecmdj these molecules also show
hydrophobic interactions (pink colored region shawrrigure 12A, 12B and 12C) with the

target protein. The core tetracyclic ring systenespnt in these conjugates shows



hydrophobic interaction with Arg487, Gly488, DCS8AIR, DG13 residues. Trimethoxy
phenyl ring shows interactions with Glu461, Gly483p463, Ser464, Arg487, Gly488, DT9
and DG10. 1-aryl-H-1,2,3-triazole-4-carboxamide motif showing interaecs with Met762,
Ser802, Pro803, DT9, DC11, DA12.

<Fig. 12>

3. Conclusion

In summary, we have designed and synthesized &ss&f 4-amidotriazole linked
podophyllotoxin derivativeslQa-i and1la-k) and examined their cytotoxicity on six human
cancer cell lines. The antiproliferative activigsults indicated that most of these compounds
exhibit significant inhibitory activities. CompousdlOb, 10g and 10i showed potent
cytotoxic efficacy against the tested human cane#iines. Treatment of DU-145 cells with
these compounds resulted in G2/M cell cycle arMsteover, they induce apoptosis through
depolarization of mitochondrial membrane poterdiadi increased ROS production. THe 4
amidotriazole linked analogues of podophyllotoxia gound to be more potent in inhibiting
human DNA topoisomerase-Il. Moreover, the molecudaicking study provided some
insights into the binding mode of the synthesizedhpounds in the active site of DNA
topoisomerase-Il. As a result, it could be conctudbat these compounds could be
considered as interesting lead molecules and fustractural modifications may result in

promising new anticancer agents against the peostaicer.
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4. Experimental Section

All reagents, starting materials, and solvents wanehased from Aldrich (Sigma-Aldrich,
St. Louis, MO, USA) or Alfa Aesar (Johnson Matth@gmpany, Ward Hill, MA, USA) and

used without further purification. Reactions werenitored by TLC, performed on 0.25 mm



silica gel 60-F254 plates, and visualization on Tw&s achieved by UV light or using an
iodine indicator. Column chromatography was perfednusing Merck silica gel of 60-120
mm with hexane and ethyl acetate as eluéhtsand**C NMR spectra were recorded with
75, 100, 300, 400, and 500 MHz (AVANCE) spectrometeCDCkL and DMSO-d solutions.

Chemical shifts ) are expressed in ppm relative to the internahdded TMS and

multiplicities of NMR signals are represented awglgt (s), broad singlet (bs), doublet (d),
triplet (t), double doublet (dd), triplet (t), guartet), and multiplets (m). High-resolution
mass spectra (ESI-HRMS) were obtained by using @BDF mass spectrometer (70 eV).
Melting points were determined on an electro thérmalting point apparatus and are

uncorrected.

4.1. General Procedure for the synthesis of aryl/gdhatic triazolic carboxylic acids (6a-i
and 7a-k)

The aryl/aliphatic triazolic carboxylic acidéd-i and 7a-k) were synthesized based on a
literature method as following: By using click chistry protocol method from the literature,
the triazolic esters 4@-i and 5a-k) were synthesized with ethyl propiolat®) (and
corresponding azide2#-i and 3a-k). Than after, LIOH- KO (1.5 mmol) was added in one
portion to a solution of estedd-i and 5a-k, 1 mmol) in THF/water (1:1, 20 mL). The
reaction mixture was stirred until the solid hadstived and was then left overnight at room
temperature. The solvents were removed in vacubtl@residue was dissolved in water (15
mL). The resulting solution was washed with dietather (7 mL). The aqueous layer was
concentrated to half of its volume and then aadifivith 30% hydrochloric acid (15 mL).
The resulting precipitate was filtereshd dried to give compounds-i and7a-k as a solid
with good yields (80-90%). The spectroscopic ddtthe obtained triazolic acid compounds
was in agreement with the reported data [39] amddempounds are reporting for the first

time in the present work.
4.1.1. 1-(3,4-dimethoxyphenyl)-Hi-1,2,3-triazole-4-carboxylic acid (6¢)

Light brown solid, yield 82%, Mp: 194-196 °&4 NMR (300 MHz, CDC{+DMSO-ds): &

8.87 (s, 1H), 7.45 (dl = 2.47 Hz, 1H), 7.38 (dd,= 2.47, 8.80 Hz, 1H), 7.03 (d,= 8.80 Hz,
1H), 3.96 (s, 3H), 3.93 (s, 3H}’C NMR (75 MHz, CDC{+DMSO-dg): ¢ 161.4, 149.1,
148.9, 140.3, 129.4, 125.9, 112.1, 111.2, 104.47,555.5; MS (ESI)m/z 250 [M+HTJ".

HRMS (ESI) calcd for §H1104N3 [M+H]* 250.08223; found: 250.08358.



4.1.2. 1-(3,5-dimethoxyphenyl)-Hi-1,2,3-triazole-4-carboxylic acid (6d)

Light brown solid, yield 88%, Mp: 192-194 °&4 NMR (300 MHz, CDC{+DMSO-ds): &
8.61 (s, 1H), 6.94 (s, 2H), 6.53 (s, 1H), 3.87(3). *C NMR (75 MHz, CDC{+DMSO-dg):
5 161.6, 161.1, 140.6, 137.4, 125.8, 100.6, 98.64;94S (ESI):mVz 250 [M+H]". HRMS
(ESI) calcd for GiH1:04N3 [M+H] " 250.08223; found: 250.08356.

4.1.3. 1-(3,4,5-trimethoxyphenyl)-H-1,2,3-triazole-4-carboxylic acid (6e)

Off white solid, yield 83%, Mp: 187-189 ¢ NMR (300 MHz, CDC+DMSO-dg): § 8.80
(s, 1H), 7.09 (s, 2H), 3.95 (s, 6H), 3.87 (s, 3HE NMR (75 MHz, CDC}+DMSO-dg): ¢
161.4, 153.2, 140.3, 137.6, 131.7, 126.0, 97.8.,,&5.9; MS (ESI)mV/z 280 [M+H]". HRMS
(ESI) calcd for GH130sN3 [M+H]* 280.09280; found: 280.09443.

4.1.4. 1-(benzdf][1,3]dioxol-5-yl)-1H-1,2,3-triazole-4-carboxylic acid (6f)

Brown solid, yield 86%, Mp: 175-177 °&4 NMR (300 MHz, CDC{+DMSO-dg): 6 8.56 (s,

1H), 7.34-7.30 (m, 1H), 7.26-7.20 (m, 1H), 6.95 (th), 6.12 (s, 2H)**C NMR (75 MHz,

CDCl;+DMSO-dg): 0 161.6, 148.1, 147.9, 140.5, 130.2, 125.3, 11308,0, 102.1, 101.6;
MS (ESI): mVz 234 [M+H]". HRMS (ESI) calcd for @H;04N3 [M+H]" 234.05093; found:
234.05221.

4.1.5. 1-(4-(trifluoromethyl)phenyl)-1H-1,2,3-triazole-4-carboxylic acid (6i)

Pale brown solid, yield 81%, Mp: 180-182 °%tE{ NMR (300 MHz, CDC{+DMSO-dg): &
8.92 (s, 1H), 8.06 (dJ = 8.52 Hz, 2H), 7.85 (dJ = 8.52 Hz, 2H).**C NMR (75 MHz,
CDCls+DMSO-dg): 0 161.4, 141.1, 138.5, 126.8 ({3 = 3.30 Hz), 125.4, 121.2, 120.3. MS
(ESI): m/z 258 [M+H]". HRMS (ESI) calcd for @HgO2NsF3 [M+H]" 258.04849; found:
258.04992.

4.1.6. 1-(3,4-dimethoxybenzyl)H-1,2,3-triazole-4-carboxylic acid (7d)

White solid, yield 90%, Mp: 196-198 °&1 NMR (300 MHz, CDC}+DMSO-dg): 6 7.99 (s,
1H), 6.94-6.80 (m, 3H), 5.51 (s, 2H), 3.88 (s, 3H)85 (s, 3H).2*C NMR (75 MHz,
CDCIl3+DMSO-tg): 6 161.6, 148.9, 148.8, 140.2, 126.9, 126.0, 111504,%3.5; MS (ESI):
m/z 264 [M+H]". HRMS (ESI) calcd for GH1304N3 [M+H] " 264.09788; found: 264.09895.

4.1.7. 1-(3,5-dimethoxybenzyl)-1H-1,2,3-triazole-darboxylic acid (7e)



White solid, yield 88%, Mp: 186-188 °¢ NMR (300 MHz, CDC{+DMSO-dg): J 7.96 (s,
1H), 6.37-6.26 (m, 3H), 5.42 (s, 2H), 3.71 (s, 685 NMR (75 MHz, CDC+DMSO-dg): &
159.9, 135.1, 130.0, 127.2, 120.1, 114.2, 113.5),554.0; MS (ESI)m/z 264 [M+H]".
HRMS (ESI) calcd for ©H1304N3 [M+H] " 264.09788; found: 264.09922.

4.1.8. 1-(benzdf][1,3]dioxol-4-yImethyl)-1H-1,2,3-triazole-4-carboxylic acid (79)

White solid, yield 85%, Mp: 170-172 °é NMR (300 MHz, CDC{+DMSO-dg): J 8.13 (s,
1H), 6.88-6.78 (m, 3H), 5.99 (s, 2H), 5.48 (s, 2MB (ESI):mVz 248 [M+H]". HRMS (ESI)
calcd for G1HgOsN3 [M+H] " 248.06658; found: 248.06780.

4.1.9. 1-(4-(trifluoromethyl)benzyl)-1H-1,2,3-triazole-4-carboxylic acid (7j)

Pale brown solid, yield 80%, Mp: 193-195 °%tE{ NMR (300 MHz, CDC{+DMSO-dg): &
8.15 (s, 1H), 7.65 (dl = 7.97 Hz, 2H), 7.43 (dl = 7.97 Hz, 2H), 5.68 (s, 2H). MS (ESiz
272 [M+H]". HRMS (ESI) calcd for GHsO.NsF; [M+H] " 272.06414; found: 272.06541.

4.2. General Procedure for the synthesis offdamido triazole linked derivatives (10a-i
and 11a-k)

To a solution of aryl/aliphatic triazolic carboxyliacid a-i and 7a-k, 0.5mmol) in
anhydrous dimethylformamide, EDCI (0.6 mmol) andB10(0.6 mmol) were added at 0 °C
and the reaction mixture was stirred for 20 min. Th® reaction mixture fAamino
phodophyllotoxin 9, 0.5 mmol) was added and stirred at room tempexétr 12 h. The
contents of the reaction mixture were poured i®-dold water (25 mL), extracted with
ethyl acetate (3x15 mL) and the combined organasplwas washed with brine, dried over
anhydrous sodium sulfate, filtered and concentratedacuo. The obtained residue was
purified by column chromatography using ethyl amethexane (10-50%) as eluent to give
analytically pure compound4@a-i and11a-k) with finest yields (75-90%).

4.2.1.N-((5S,5aS,8aR,9R)-8-0x0-9-(3,4,5-trimethoxyphenyl)-5,5a,6,8,8a,9
hexahydrofuro[3',4":6,7]naphtho[2,3-d][1,3]dioxol-5-yl)-1-phenyl-1H-1,2,3-triazole-4-

carboxamide (10a)

White solid, yield 88%, Mp: 170-172 °Cg]f>: -86.0 (c: 3.6, CHG); 'H NMR (300 MHz,
CDCly): 6 8.54 (s, 1H), 7.76 (dl = 7.55, 2H), 7.64-7.50 (m, 5H), 6.84 (s, 1H), 6(¢91H),
5.99 (d,J = 3.5 Hz, 2H), 5.45 (dd} = 3.39, 7.16 Hz, 1H), 4.58 (d= 3.21 Hz, 1H), 4.49 (4



= 6.79 Hz, 1H), 3.98 (d] = 8.87 Hz, 1H), 3.81 (s, 3H), 3.75 (s, 6H), 3.80) = 3.02 Hz,
2H). 3C NMR (100 MHz, CDGJ): ¢ 174.2, 159.7, 152.5, 148.4, 147.5, 142.8, 13736,2,
134.7, 133.4, 132.3, 130.1, 129.6, 128.2, 123.6,5,2109.6, 108.0, 101.7, 68.8, 60.7, 56.1,
54.6, 48.1, 43.6, 41.5, 37.5; MS (ESkWz 585 [M+H]. HRMS (ESI) calcd for
CaiH260sN4Na [M+Na] 607.1805; found: 607.1805.

4.2.2. 1-(4-methoxyphenyIN-((5S,5aS,8aR,9R)-8-0x0-9-(3,4,5-trimethoxyphenyl)-
5,5a,6,8,8a,9-hexahydrofuro[3',4":6,7]naphtho[2,3}[1,3]dioxol-5-yl)-1H-1,2,3-triazole-
4-carboxamide (10b)

White solid, yield 85%, Mp: 195-197 °Cq]f°s: -77.6 (c: 3.2, CHG); 'H NMR (500 MHz,
CDCl3): 6 8.43 (s, 1H), 7.65 (dl = 9.0 Hz, 2H), 7.58 (d] = 7.47 Hz, 1H), 7.08 (d] = 9.0
Hz, 2H), 6.84 (s, 1H), 6.47 (s, 1H), 6.29 (s, 2610 (d,J = 6.56 Hz, 1H), 5.45 (dd,= 4.12,
7.47 Hz, 1H), 4.57 (d) = 4.57 Hz, 1H), 4.49 (ddJ = 7.17, 9.30 Hz, 1H), 3.95 @,= 10.07
Hz, 1H), 3.89 (s, 3H), 3.81 (s, 3H), 3.75 (s, 6B1)11-3.03 (m, 2H)*C NMR (100 MHz,
CDCl3): 0 174.2, 160.4, 159.8, 152.5, 148.4, 147.5, 1423%8,11, 134.7, 132.3, 129.5, 128.2,
123.6, 122.1, 115.0, 109.7, 109.1, 108.0, 101.6,68.7, 56.1, 55.6, 48.1, 43.6, 41.5, 37.5;
MS (ESI): m/z 615 [M+H]". HRMS (ESI) calcd for §H3OsNsNa [M+Na] 637.1910;
found: 637.1909.

4.2.3. 1-(3,4-dimethoxyphenyIN-((5S,5aS,8aR,9R)-8-0x0-9-(3,4,5-trimethoxyphenyl)-
5,5a,6,8,8a,9-hexahydrofuro[3',4":6,7]naphtho[2,3}[1,3]dioxol-5-yl)-1H-1,2,3-triazole-
4-carboxamide (10c)

White solid, yield 84%, Mp: 158-160 °Cq]f°p: -84.6 (c: 4.7, CHG); *H NMR (500 MHz,
CDCL): 6 8.46 (s, 1H), 7.69 (s, 1H), 7.36 (s, 1H), 7.21, @ 2.44, 8.54 Hz, 1H), 7.01 (@,

= 8.69 Hz, 1H), 6.85 (s, 1H), 6.43 (@= 4.73 Hz, 1H), 6.28 (s, 2H), 6.00 = 1.37, 3.66
Hz, 2H), 5.45 (ddJ = 4.42, 7.32 Hz, 1H), 4.53 (d,= 4.57 Hz, 1H), 4.49 (dd, = 7.47, 9.00
Hz, 1H), 4.00 (s, 3H), 3.97 (s, 3H), 3.94 (d, J.463Hz, 1H), 3.81 (s, 3H), 3.75 (s, 6H), 3.18-
3.12 (m, 1H), 3.10-3.02 (m, 1HY'C NMR (100 MHz, CDGJ): § 174.3, 159.7, 152.5, 150.1,
150.0, 148.3, 147.4, 142.6, 137.0, 134.7, 132.2,6,2128.2, 123.3, 112.0, 111.3, 109.3,
109.1, 107.9, 104.1, 101.7, 68.8, 60.7, 56.3, S&b4), 48.2, 43.6, 41.4, 37.5; MS (ESt)z
645 [M+H]". HRMS (ESI) calcd for §Ha:0:0NsNa [M+Na] 667.2016; found: 667.2019.



4.2.4. 1-(3,5-dimethoxyphenyIN-((5S,5aS,8aR,9R)-8-0x0-9-(3,4,5-trimethoxyphenyl)-
5,5a,6,8,8a,9-hexahydrofuro[3',4":6,7]naphtho[2,2[1,3]dioxol-5-yl)-1H-1,2,3-triazole-
4-carboxamide (10d)

White solid, yield 87%, Mp: 145-148 °Cg]f>p: -78.7 (c: 3.8, CHG);'"H NMR (500 MHz,
CDCl): 6 8.51 (s, 1H), 7.71 (d] = 7.47 Hz, 1H), 6.92 (d] = 2.13 Hz, 2H), 6.84 (s, 1H),
6.58 (t,J = 2.13 Hz, 1H), 6.42 (s, 1H), 6.28 (s, 2H), 6.680)= 2.44 Hz, 2H), 5.45 (dd] =
4.42, 7.47 Hz, 1H), 4.54 (d,= 4.88 Hz, 1H), 4.49 (q] = 7.47, 9.00 Hz, 1H), 3.94 (@,=
9.46 Hz, 1H), 3.89 (s, 6H), 3.81 (s, 3H), 3.756¢d), 3.16 (dd,) = 5.18, 14.34 Hz, 1H), 3.10-
3.02 (m, 1H).**C NMR (100 MHz, CDGJ): § 174.3, 161.7, 159.6, 152.5, 148.4, 147.4,
142.6, 137.6, 137.0, 134.7, 132.2, 128.1, 123.9,41.09.1, 107.9, 101.7, 101.3, 68.8, 60.7,
56.1, 55.8, 48.2, 43.6, 41.5, 37.5; MS (EStyz 645 [M+H]". HRMS (ESI) calcd for
CaaHa:010NsNa [M+Na] 667.2016; found: 667.2017.

4.2.5. N-((5S,5aS,8aR,9R)-8-0x0-9-(3,4,5-trimethoxyphenyl)-5,5a,6,8,8a,9-
hexahydrofuro[3',4":6,7]naphtho[2,3-d][1,3]dioxol-5-yl)-1-(3,4,5-trimethoxyphenyl)-1H-
1,2,3-triazole-4-carboxamide (10e)

White solid, yield 89%, Mp: 181-183 °Cg]f>: -83.1 (c: 5.9, CHG); 'H NMR (500 MHz,
CDCly): § 8.49 (s, 1H), 7.69 (d] = 7.47 Hz, 1H), 6.97 (s, 2H), 6.85 ('s, 1H), 6(831H),
6.28 (s, 2H), 6.01 () = 1.37, 2.13 Hz, 2H), 5.45 (dd,= 4.42, 7.47 Hz, 1H), 4.55 (d,=
4.88 Hz, 1H), 4.49 (q] = 7.47, 9.15 Hz, 1H), 3.97 (s, 6H), 3.94 Jd; 1.37 Hz, 1H), 3.91 (s,
3H), 3.81 (s, 3H), 3.75 (s, 6H), 3.15 (dd= 4.88, 14.34 Hz, 1H), 3.11-3.03 (m, 1HiC
NMR (100 MHz, CDCJ): § 174.3, 159.6, 154.1, 152.5, 148.4, 147.4, 14238.9, 137.1,
134.6, 132.3, 131.8, 128.1, 123.6, 105.9, 109.8,0,0101.7, 97.9, 68.8, 61.0, 60.7, 56.5,
56.1, 54.6, 48.2, 43.7, 41.5, 37.5; MS (EStyz 675 [M+H]". HRMS (ESI) calcd for
CasH3401:N4Na [M+Na] 697.2122; found: 697.2116.

4.2.6. 1-(benzo[d][1,3]dioxol-5-yI)N-((5S,5aS,8aR,9R)-8-0x0-9-(3,4,5-trimethoxyphenyl)-
5,5a,6,8,8a,9-hexahydrofuro[3',4':6,7]naphtho[2,2[1,3]dioxol-5-yl)-1H-1,2,3-triazole-
4-carboxamide (10f)

White solid, yield 79%, Mp: 188-191 °Cq]f°s: -54.6 (c: 4.6, CHG); 'H NMR (300 MHz,
CDCl): 6 8.42 (s, 1H), 7.46 (d] = 7.45 Hz, 1H), 7.23 (d] = 2.07 Hz, 1H), 7.16 (dd] =

2.07, 8.31 Hz, 1H), 6.95 (d,= 8.31 Hz, 1H), 6.82 (s, 1H), 6.54 (s, 1H), 6.822H), 6.11 (s,
2H), 5.99 (dJ = 7.21 Hz, 2H), 5.45 (dd] = 2.81, 6.96 Hz, 1H), 4.64 (d,= 2.07 Hz, 1H),



4.52-4.46 (m, 1H), 3.97-3.91 (m, 1H), 3.82 (s, 3BL/6 (s, 6H), 3.09-3.05 (m, 2H)C
NMR (100 MHz, CDCJ): § 174.2, 159.7, 152.5, 148.8, 148.7, 148.4, 14742,5, 137.1,
134.7, 132.3, 130.6, 128.2, 123.9, 114.4, 109.8,110108.7, 108.1, 102.5, 102.3, 101.6,
68.8, 60.6, 56.1, 48.1, 43.7, 41.6, 37.5; MS (ESIk 629 [M+H]'. HRMS (ESI) calcd for
CazHa6010NsNa [M+NaJ 651.1703; found: 651.1703.

4.2.7. 1-(4-chlorophenylN-((5S,5aS,8aR,9R)-8-0x0-9-(3,4,5-trimethoxyphenyl)-
5,5a,6,8,8a,9-hexahydrofuro[3',4":6,7]naphtho[2,3}[1,3]dioxol-5-yl)-1H-1,2,3-triazole-
4-carboxamide (109)

White solid, yield 83%, Mp: 222-225 °Cq]f°p: -72.5 (c: 1.2, CHG); *H NMR (500 MHz,
CDCL): 6 8.52 (s, 1H), 7.72 (d} = 8.85 Hz, 2H), 7.57 (d] = 8.85 Hz, 2H), 7.52 (dl = 7.47
Hz, 1H), 6.83 (s, 1H), 6.51 (s, 1H), 6.30 (s, 26iP0 (d,J = 7.47 Hz, 2H), 5.45 (dd, = 3.35,
7.47 Hz, 1H), 4.60 (dJ = 3.35 Hz, 1H), 4.51-4.47 (m, 1H), 3.96-3.91 () 13.81 (s, 3H),
3.76 (s, 6H), 3.08-3.04 (m, 2HYC NMR (100 MHz, CDGJ): § 174.1, 159.7, 152.5, 148.4,
147.6, 142.6, 137.1, 135.3, 134.7, 132.3, 131.9.52128.2, 125.5, 109.8, 109.1, 108.1,
101.6, 68.8, 60.7, 56.1, 53.8, 47.9, 43.7, 41.6;30S (ESI):mVz 619 [M+H]". HRMS (ESI)
calcd for G1H»705N4CINa [M+Na] 641.1415; found: 641.1417.

4.2.8. 1-(4-fluorophenyl)N-((5S,5aS,8aR,9R)-8-0x0-9-(3,4,5-trimethoxyphenyl)-
5,5a,6,8,8a,9-hexahydrofuro[3',4':6,7]naphtho[2,2[1,3]dioxol-5-yl)-1H-1,2,3-triazole-
4-carboxamide (10h)

White solid, yield 81%, Mp: 228-230 °Cq]f’s: -52.8 (c: 3.5, CHG); 'H NMR (400 MHz,
CDCly): 6 8.49 (s, 1H), 7.74 (dd] = 4.52, 8.92 Hz, 2H), 7.49 (s, 1H), 7.31-7.27 @H),
6.83 (s, 1H), 6.55-6.51 (s, 1H), 6.31 (s, 2H), 5@, J = 1.22, 7.21 Hz, 2H), 5.45 (dd,=
3.30, 7.45 Hz, 1H), 4.62 (s, 1H), 4.51-4.46 (m, 13198-3.91 (m, 1H), ), 3.82 (s, 3H), 3.76
(s, 6H), 3.10-3.04 (m, 2H}*C NMR (100 MHz, CDGJ): 6 174.1, 162.9 (dJcr = 250.8 Hz),
159.6, 152.5, 148.4, 147.6, 142.8, 137.1, 134.8,5.&,JcF = 2.9 Hz), 132.3, 128.1, 123.8,
122.6 (d,Jcr = 8.0 Hz), 117.1 (djcr = 22.7 Hz), 109.8, 109.1, 108.0, 101.6, 68.8, 68671,
48.1, 43.7, 41.6, 37.5; HRMS (ESI) calcd fogd;0sNsFNa [M+Na] 625.1711; found:
625.1717.

4.2.9.N-((5S,5aS,8aR,9R)-8-0x0-9-(3,4,5-trimethoxyphenyl)-5,5a,6,8,8a,9-
hexahydrofuro[3',4":6,7]naphtho[2,3-d][1,3]dioxol-5-yl)-1-(4-(trifluoromethyl)phenyl)-
1H-1,2,3-triazole-4-carboxamide (10i)



White solid, yield 79%, Mp: 190-194 °Cq]f°s: -93.6 (c: 3.9, CHG); *H NMR (400 MHz,
CDCl): 6 8.62 (s, 1H), 7.93 (dl = 8.55 Hz, 2H), 7.87 (d] = 8.55 Hz, 2H), 7.47 (dl = 7.45
Hz, 1H), 6.83 (s, 1H), 6.55 (s, 1H), 6.32 (s, 26{)1-5.97 (m, 2H), 5.47 (dd,= 3.42, 7.33
Hz, 1H), 4.64 (d) = 4.89 Hz, 1H ), 4.52-4.41 (m, 2H), 3.97-3.91 (tH), 3.82 (s, 3H), 3.76
(s, 6H), 3.10-3.04 (m, 2H}°C NMR (100 MHz, CDGJ): § 174.2, 159.4, 152.5, 148.5, 147.6,
143.1, 138.6, 137.2, 134.6, 132.4, 128.2, 128.17/.4,2123.7,120.7,110.0, 109.1, 108.1,
101.6, 69.0, 68.8, 60.6, 56.1, 48.1, 43.7, 41.74;3S (ESI):m/z 653 [M+H]". HRMS (ESI)
calcd for GyH2705NsFsNa [M+Na] 675.1679; found: 675.1677.

4.2.10. 1-benzyN-((5S,58S,8aR,9R)-8-0x0-9-(3,4,5-trimethoxyphenyl)-5,5a,6,8,8a,9-
hexahydrofuro[3',4":6,7]naphtho[2,3-d][1,3]dioxol-5-yl)-1H-1,2,3-triazole-4-

carboxamide (11a)

White solid, yield 80%, Mp: 164-166 °Cg]f>: -97.5 (c: 5.5, CHG); 'H NMR (500 MHz,
CDCly): 6 7.99 (s, 1H), 7.42-7.39 (m, 4H), 7.32-7.29 (m, 218)78 (s, 1H), 6.53 (s, 1H), 6.31
(s, 2H), 5.98 (dd) = 1.22, 10.33 Hz, 2H), 5.57 (s, 2H), 5.40 (dd; 3.66, 7.47 Hz, 1H), 4.63
(d, J = 3.66 Hz, 1H), 4.46-4.42 (m, 1H), 3.89Jt 9.15 Hz, 1H), 3.81 (s, 3H), 3.75 (s, 6H),
3.05-3.02 (m, 2H)**C NMR (100 MHz, CDGJ): 6 174.2, 159.8, 152.5, 148.4, 147.5, 142.4,
137.1, 134.7, 133.4, 132.3, 129.3, 129.2, 128.8,5,2109.9, 109.1, 108.0, 101.6, 68.8, 60.7,
56.1, 54.6, 47.9, 43.6, 41.6, 37.5; MS (ESt)z 599 [M+H]'. HRMS (ESI) calcd for
CaoH300sNsNa [M+Na] 621.1961; found: 621.1963.

4.2.11. 1-(4-methoxybenzyIN-((5S,5aS,8aR,9R)-8-0x0-9-(3,4,5-trimethoxyphenyl)-
5,5a,6,8,8a,9-hexahydrofuro[3',4":6,7]naphtho[2,2[1,3]dioxol-5-yl)-1H-1,2,3-triazole-
4-carboxamide (11b)

White solid, yield 84%, Mp: 174-177 °Cg]f%: -72.55 (c: 7.6, CHG); *H NMR (500 MHz,
CDCl): 6 7.95 (s, 1H), 7.60 (d] = 7.55 Hz, 1H), 7.28 (d] = 1.88 Hz, 1H), 7.25 (s, 1H),
6.93 (d,J = 8.68 Hz, 2H), 6.80 (s, 1H), 6.44 (s, 1H), 6.802H), 5.98 (dJ = 4.72 Hz, 2H),
5.49 (s, 2H), 5.38 (dd] = 3.77, 7.36 Hz, 1H), 4.5 (d,= 4.15 Hz, 1H), 4.46-4.39 (m, 1H),
3.88 (t,J = 9.81 Hz, 2H), 3.81 (s, 6H), 3.75 (s, 6H), 3.0863(m, 2H).*C NMR (100 MHz,
CDCL): 6 174.2, 160.2, 159.9, 152.5, 148.4, 147.5, 14283,1], 134.7, 133.4, 132.3, 129.9,
128.2, 125.3, 114.6, 109.8, 109.1, 108.1, 101.68,68.6, 56.1, 55.3, 54.2, 47.9, 43.6, 41.6,
37.5; MS (ESI)m/z 629 [M+H]". HRMS (ESI) calcd for gHs,0oNsNa [M+Na] 651.2067;
found: 651.2070.



4.2.12. 1-(3-methoxybenzyIN-((5S,5aS,8&,9R)-8-0x0-9-(3,4,5-trimethoxyphenyl)-
5,5a,6,8,8a,9-hexahydrofuro[3',4":6,7]naphtho[2,2[1,3]dioxol-5-yl)-1H-1,2,3-triazole-
4-carboxamide (11c)

White solid, yield 83%, Mp: 165-168 °Cg]f>: -78.0 (c: 5.5, CHG); 'H NMR (500 MHz,
CDCly): 6 8.00 (s, 1H), 7.37 (d] = 7.47 Hz, 1H), 7.32 () = 7.93 Hz, 1H), 6.92 (dd] =
2.44, 8.39 Hz, 1H), 6.88 (d,= 7.62 Hz, 1H), 6.82 (f] = 1.98 Hz, 1H), 6.78 (s, 1H), 6.54 (s,
1H), 6.31 (s, 2H), 5.98 (dd,= 1.37, 10.98 Hz, 2H), 5.53 (s, 2H), 5.40 (dd; 3.81, 7.62 Hz,
1H), 4.63 (d,J = 3.96 Hz, 1H), 4.46-4.42 (m, 1H), 3.89 Jt= 9.15 Hz, 1H), 3.81 (s, 3H),
3.80 (s, 3H), 3.75 (s, 6H), 3.05-3.01 (m, 2HL NMR (100 MHz, CDGJ): § 174.2, 160.1,
159.8, 152.5, 148.4, 147.6, 142.4, 137.1, 134.2,313130.4, 128.2, 125.6, 120.4, 114.4,
114.1, 109.9, 109.1, 108.1, 101.6, 68.8, 60.7, 56513, 54.5, 47.9, 43.6, 41.6, 37.5; MS
(ESI): m/z 629 [M+H]". HRMS (ESI) calcd for &Hs,0oNsNa [M+Na] 651.2067; found:
651.2064.

4.2.13. 1-(3,4-dimethoxybenzylN-((5S,5aS,8aR,9R)-8-0x0-9-(3,4,5-trimethoxyphenyl)-
5,5a,6,8,8a,9-hexahydrofuro[3',4":6,7]naphtho[2,3}[1,3]dioxol-5-yl)-1H-1,2,3-triazole-
4-carboxamide (11d)

White solid, yield 88%, Mp: 180-183 °Cq]f°s: -59.6 (c: 5.6, CHG); *H NMR (500 MHz,
CDCl3): 0 7.98 (s, 1H), 7.40 (1 = 7.32 Hz, 1H), 6.90 (dl = 1.90 Hz, 1H), 6.88 (s, 1H), 6.82
(d,J =1.98 Hz, 1H), 6.78 (s, 1H), 6.53 @@= 3.66, 1H), 6.31 (s, 2H), 5.98 (ddl= 1.22,
10.22 Hz, 2H), 5.49 (s, 2H), 5.39 (dts 3.50, 7.47 Hz, 1H), 4.63 (s, 1H), 4.46-4.42 (i),
3.89 (s, 3H), 3.87 (s, 3H), 3.81 (s, 3H), 3.75(4), 3.05-3.01 (m, 2H)-*C NMR (100 MHz,
CDCly): 0 174.2, 159.9, 152.5, 149.8, 149.5, 148.4, 14742,3, 137.1, 134.7, 132.3, 128.2,
125.6, 125.3, 121.2, 111.4, 111.3, 109.9, 109.8,110101.6, 68.8, 60.7, 56.1, 55.9, 54.6,
47.9, 43.6, 41.6, 37.5; MS (EShvz 659 [M+H]". HRMS (ESI) calcd for H340:0N4Na
[M+Na]* 681.2173; found: 651.2167.

4.2.14. 1-(3,5-dimethoxybenzylN-((5S,5aS,8aR,9R)-8-0x0-9-(3,4,5-trimethoxyphenyl)-
5,5a,6,8,8a,9-hexahydrofuro[3',4":6,7]naphtho[2,3}[1,3]dioxol-5-yl)-1H-1,2,3-triazole-
4-carboxamide (11e)

White solid, yield 86%, Mp: 245-248 °Cq]f°p: -70.4 (c: 4.5, CHG); *H NMR (500 MHz,
CDCl3): 0 8.01 (s, 1H), 7.40 (d] = 7.47 Hz, 1H), 6.79 (s, 1H), 6.53 (s, 1H), 6.46 {H),
6.42 (s, 2H), 6.31 (s, 2H), 5.98 @= 10.22, 2H), 5.47 (s, 2H), 5.40 (di5= 2.28, 6.71 Hz,



1H), 4.63 (s, 1H), 4.47-4.42 (m, 1H), 3.92-3.87 (tH), 3.81 (s, 3H), 3.78 (s, 6H), 3.75 (s,
6H), 3.06-3.01 (m, 2H)*C NMR (100 MHz, CDGCJ): § 174.2, 161.4, 159.8, 152.5, 148.4,
147.5, 142.4, 137.1, 135.3, 134.7, 132.3, 128.3.6,2109.9, 109.1, 108.0, 106.3, 101.6,
100.5, 68.8, 60.6, 56.1, 55.4, 54.6, 47.9, 43.6,437.5; MS (ESI)m/z 659 [M+H]". HRMS
(ESI) calcd for GsH340:0N4Na [M+Na] 681.2173; found: 651.2173.

4.2.15. N-((5S,5aS,8aR,9R)-8-0x0-9-(3,4,5-trimethoxyphenyl)-5,5a,6,8,8a,9-
hexahydrofuro[3',4":6,7]naphtho[2,3-d][1,3]dioxol-5-yl)-1-(3,4,5-trimethoxybenzyl)-H-
1,2,3-triazole-4-carboxamide (11f)

White solid, yield 85%, Mp: 189-192 °Cq]f°s: -87.9 (c: 6.0, CHG); 'H NMR (500 MHz,
CDCL): 5 8.02 (s, 1H), 7.37 (d] = 7.47 Hz, 1H), 6.78 (s, 1H), 6.54 (s, 1H), 6.53ZH),
6.31 (s, 2H), 5.98 (dd, = 1.22, 10.37 Hz, 2H), 5.47 (s, 2H), 5.40 (d¢; 3.96, 7.47 Hz, 1H),
4.64 (d,J = 4.27 Hz, 1H), 4.47-4.43 (m, 1H), 3.90-3.87 (m,)18186 (s, 6H), 3.85 (s, 3H),
3.81 (s, 3H), 3.75 (s, 6H), 3.06-3.01 (m, 2HC NMR (100 MHz, CDG): § 174.1, 159.8,
153.8, 152.5, 148.4, 147.6, 142.4, 138.7, 137.4,713132.3, 128.6, 128.2, 125.5, 109.9,
109.1, 108.1, 105.6, 101.6, 68.8, 60.8, 60.7, 56621, 55.0, 47.9, 43.6, 41.6, 37.5; MS
(ESI): m/z 689 [M+H]". HRMS (ESI) calcd for gHs¢011NsNa [M+Na] 711.2278; found:
711.2267.

4.2.16. 1-(benzd]][1,3]dioxol-5-ylmethyl)-N-((5S,5aS,8aR,9R)-8-0x0-9-(3,4,5-
trimethoxyphenyl)-5,5a,6,8,8a,9-hexahydrofuro[3',46,7]naphtho[2,3-d][1,3]dioxol-5-
yl)-1H-1,2,3-triazole-4-carboxamide (119)

White solid, yield 83%, Mp: 170-173 °Cq]f°s: -50.0 (c: 6.9, CHG); *H NMR (500 MHz,
CDCl3): 0 7.98 (s, 1H), 7.39 (d] = 7.62 Hz, 1H), 6.82 (d, J = 0.91 Hz, 2H), 6.731(H),
6.76 (s, 1H), 6.53 (s, 1H), 6.31 (s, 2H), 5.992¢3), 5.98 (ddJ = 1.37, 11.29 Hz, 2H), 5.46
(s, 2H), 5.40 (ddJ = 3.66, 7.47 Hz, 1H), 4.63 (d,= 3.96 Hz, 1H), 4.46-4.42 (m, 1H), 3.91-
3.87 (m, 1H), 3.81 (s, 3H), 3.75 (s, 6H), 3.05-3(01 2H).*C NMR (100 MHz, CDGJ): ¢
174.2, 159.8, 152.5, 148.4, 147.6, 142.4, 137.4,713132.3, 128.2, 126.9, 125.4, 122.3,
109.9, 109.1, 108.7, 108.6, 108.1, 101.6, 101.9,68.7, 56.1, 54.5, 47.9, 43.6, 41.6, 37.5;
MS (ESI): Wz 643 [M+H]". HRMS (ESI) calcd for gHsc010NsNa [M+Na] 665.1860;
found: 665.1861.



4.2.17. 1-(4-chlorobenzyIN-((5S,58S,8aR,9R)-8-0x0-9-(3,4,5-trimethoxyphenyl)-
5,5a,6,8,8a,9-hexahydrofuro[3',4":6,7]naphtho[2,2[1,3]dioxol-5-yl)-1H-1,2,3-triazole-
4-carboxamide (11h)

White solid, yield 78%, Mp: 180-184 °Cq]f>: -87.4 (c: 3.7, CHG); 'H NMR (400 MHz,
CDCly): ¢ 8.01 (s, 1H), 7.39 (d] = 8.43 Hz, 2H), 7.39-7.35 (m, 1H), 7.24 (t= 8.43 Hz,
2H), 6.78 (s, 1H), 6.54 (s, 1H), 6.31 (s, 2H), 588,J = 1.2, 8.9 Hz, 2H), 5.54 (s, 2H), 5.40
(dd,J = 3.7, 7.5 Hz, 1H), 5.30 (s, 1H), 4.63 (= 4.03 Hz, 1H), 4.46-4.42 (m, 1H), 3.92-
3.86 (m, 1H), 3.81 (s, 3H), 3.75 (s, 6H), 3.06-3(01 2H).**C NMR (100 MHz, CDCJ): &
174.2, 159.7, 152.5, 148.4, 147.6, 142.6, 137.5,313134.7, 132.3, 131.9, 129.5, 128.2,
125.5, 109.9, 109.1, 108.1, 101.6, 68.8, 60.6,, BB, 47.9, 43.6, 41.6, 37.4; MS (ESH)z
633 [M+H]". HRMS (ESI) calcd for &H290sN4CINa [M+Na] 655.1572; found: 655.1572.

4.2.18. 1-(4-fluorobenzyl)N-((5S,5aS,8aR,9R)-8-0x0-9-(3,4,5-trimethoxyphenyl)-
5,5a,6,8,8a,9-hexahydrofuro[3',4'":6,7]naphtho[2,2[1,3]dioxol-5-yl)-1H-1,2,3-triazole-

4-carboxamide (11i)

White solid, yield 82%, Mp: 169-172 °Cg]f>: -76.0 (c: 5.5, CHG); 'H NMR (500 MHz,
CDCLy): § 8.00 (s, 1H), 7.38 (d] = 7.32 Hz, 1H), 7.32-7.29 (m, 2H), 7.10 Jt= 8.54 Hz,
2H), 6.78 (s, 1H), 6.53 (s, 1H), 6.31 (s, 2H), 5(@8,J = 1.22, 10.98 Hz, 2H), 5.55 (s, 2H),
5.40 (ddJ = 3.81, 7.62 Hz, 1H), 4.63 (d,= 43.50 Hz, 1H), 4.46-4.42 (m, 1H), 3.91-3.87 (m,
1H), 3.81 (s, 3H), 3.75 (s, 6H), 3.06-3.01 (m, 2HL NMR (100 MHz, CDGCJ): § 174.2,
163.0 (d,Jcr = 249.4 Hz), 159.7, 152.5, 148.4, 147.6, 142.5,1,3134.7, 132.3, 130.2 (d,
Jer = 8.0 Hz), 129.3 (dJcr = 2.2 Hz), 128.2, 125.4, 116.4 (@ = 21.2 Hz), 109.9, 109.1,
108.1, 101.6, 68.8, 60.7, 56.1, 53.8, 47.9, 43166,437.5; MS (ESI)m/z 617 [M+HJ".
HRMS (ESI) calcd for gH.00sN4FNa [M+Na] 639.1867; found: 639.1871.

4.2.19. N-((5S,5aS,8aR,9R)-8-0x0-9-(3,4,5-trimethoxyphenyl)-5,5a,6,8,8a,9-
hexahydrofuro[3',4":6,7]naphtho[2,3-d][1,3]dioxol-5-yl)-1-(4-(trifluoromethyl)benzyl)-
1H-1,2,3-triazole-4-carboxamide (11))

White solid, yield 80%, Mp: 171-174 °Cq]f’s: -93.6 (c: 3.9, CHG); 'H NMR (500 MHz,
CDCl): § 8.05 (s, 1H), 7.68 (dl = 8.08 Hz, 2H), 7.42 (dl = 8.08 Hz, 2H), 7.37 (dl = 7.47
Hz, 1H), 6.78 (s, 1H), 6.55 (s, 1H), 6.31 (s, 26198 (dd,J = 1.22, 10.98 Hz, 2H), 5.65 (s,
2H), 5.40 (dd,J) = 3.96, 7.47 Hz, 1H), 4.64 (A= 4.12 Hz, 1H), 4.46-4.43 (m, 1H), 3.92-3.87
(m, 1H), 3.81 (s, 3H), 3.75 (s, 6H), 3.06-3.01 &H). 1*C NMR (100 MHz, CDGJ): 6 174.1,



159.6, 152.5, 148.5, 147.6, 142.7, 137.4, 137.2,7.3.32.4, 128.4, 128.2, 126.3 (@r3 =
3.6 Hz), 125.7, 110.0, 109.1, 108.1, 101.6, 68087,656.1, 53.9, 47.9, 43.7, 41.7, 37.5; MS
(ESI): m'z 667 [M+H]". HRMS (ESI) calcd for €H300sN4F3z [M+H]" 667.2016; found:
667.2013.

4.2.20. N-((5S,5aS,8aR,9R)-8-0x0-9-(3,4,5-trimethoxyphenyl)-5,5a,6,8,8a,9-
hexahydrofuro[3',4":6,7]naphtho[2,3-d][1,3]dioxol-5-yl)-1-(3-phenoxybenzyl)-H-1,2,3-

triazole-4-carboxamide (11k)

White solid, yield 87%, Mp: 148-151 °Cq]f°p: -74.0 (c: 4.9, CHG); 'H NMR (500 MHz,
CDCly): 6 8.02 (s, 1H), 7.38-7.33 (m, 4H), 7.16 Jt= 7.47 Hz, 1H), 7.01 (d] = 7.78 Hz,
2H), 6.99 (dd,J = 1.98, 8.08 Hz, 2H), 6.94 (s, 1H), 6.79 (s, 16154 (s, 1H), 6.32 (s, 2H),
5.98 (d,J = 11.44 Hz, 2H), 5.53 (s, 2H), 5.40 (dbs 3.81, 7.62 Hz, 1H), 4.64 (d,= 4.12
Hz, 1H), 4.47-4.43 (m, 1H), 3.92-3.88 (m, 1H), 3(813H), 3.75 (s, 6H), 3.06-3.02 (m, 2H).
*C NMR (100 MHz, CDGJ): 6 174.1, 159.8, 158.2, 156.1, 152.5, 148.4, 14743,4, 137.1,
135.2, 134.7, 132.3, 130.6, 129.8, 128.2, 125.8,912122.5, 119.3, 118.8, 118.1, 109.9,
109.1, 108.0, 101.6, 68.8, 60.6, 56.1, 54.2, 4B%, 41.6, 37.5; MS (ESIz 691 [M+H]".
HRMS (ESI) calcd for gHz40sNsNa [M+Na] 713.2223; found: 713.2224.

4.4. Biology
4.4.1. Cell culture

The cell lines, Cervical (Hela), Breast (MCF-7)o8tate (DU-145), Lung (A549), Liver
(HepG2) and Colon (HT-29) which were used in thisdlg were procured from American
Type Culture Collection (ATCC), United States andrev maintained in the Dulbecco’s
modified Eagle’s medium containing 10% (v/v) fetavime serum (FBS; HyClone, Logan,
UT) supplemented with 100 units/mL of penicillindastreptomycin (Sigma-Aldrich, St.
Louis, MO). All cells were cultured at 37 °C in arhidified atmosphere with 5% GOTest

compounds were dissolved in DMSO (Sigma-Aldrichptepare 10 mM stock solution for
the following experiments. The stock was dilutedthwiculture medium to desired

concentrations for drug treatment.

4.4.2. Evaluation of anti-proliferative activity



The cytotoxic activity of the compounds was detewdi by using MTT assay [40]. Cells
were seeded in 100 uL DMEM, supplemented with 10B& kn each well of 96-well
microculture plates and incubated for 24 h at 3T°&€ CQ incubator. After incubation cells
were treated with test compounds for 48 h. Afterd8f incubation, 10 pL MTT (3-(4,5-
dimethylthiazol-2-yl)- 2,5-diphenyl tetrazolium nide) (5 mg/mL) was added to each well
and the plates were further incubated for 4 h. Tthen supernatant from each well was
carefully removed, formazan crystals were dissoiweti00 pL of DMSO and absorbance at
570 nm wavelength was recorded.

4.4.3. Cell cycle analysis

Effect of compoundslOb, 10g and 10i on DNA content by cell cycle progression was
assessed using DU-145 cells. Cells (2x46ll) were incubating in a 6-well plate with
incomplete media (serum free) for 24 h; to bringealls in a synchronized state [41]. After
24 hrs the incomplete media was replaced with cetaphedia with or without compounds
VP-16, 10b, 10g and10i at indicated concentrations and incubated for 24he cells were
washed thrice with PBS, harvested, fixed in icedd®BS in 70% ethanol, and stored at -20
°C for 30 min. After fixation, these cells were uated with RNase A (0.1 mg/mL) at 37 °C
for 30 min, stained with propidium iodide (50 pg/ymior 30 min on ice in dark, and then
measured for DNA content using BD FACSVerse flowoayeter (Becton Dickinson, USA).

4.4.4. DNA topoisomerase-Il inhibition assay

The topoisomerase Il assay was done by the profwoeided by TopoGEN, Inc. The total
reaction volume of the topoisomerase Il mediatezhwdge reaction was fixed at 20 pL.
Briefly, assay buffer [50 mM Tris-HCI, pH 8, 120 mKCI, 10 mM MgC}, 0.5 mM ATP,
0.5 mM dithiothreitol, 30 pg/mL bovine serum albunBSA)] containing 200 ng of KDNA
(TOPOgen), and a solution of the test drugs wergeadto five units of the human
recombinant topoisomerase Il (the amount of enzymiéch resulted in the complete
decatenation of 200 ng of KDNA). After 10 min. ofcubation at 37 °C, the reaction was
stopped by addition of 5 pL of stop buffer contagnthe loading dye and then the reaction
mixture was analyzed on a 1% agarose gel in TAEehuf

4.4.5. Determination of morphological changes



Morphological changes were assessed based on thedr#escribed by the reported method
[42] with slight modifications. DU-145 cells wereesled at a density of 2xX16ells/well in a
6-well plate and incubated overnight. Media wadaegd with the fresh media containing the
compounds10b, 10g and 10i at indicated concentrations for 24 h. After indidra
morphological changes in the cells were observetkuthe phase contrast microscope and

images were captured with (Olympus-1X71SIF-3), aagp¥ pro software.
4.4.6. Apoptosis by Hoechst staining

An apoptotic cell staining was performed accordioghe literature method [43]. Briefly,
DU-145 cells were seeded in to 6-well plate atmsityg of 1x10 cells/well and incubated for
overnight, and media was replaced with fresh medrgaining with or without compounds
VP-16, 10b, 10g and10i at indicated concentrations and further incub&ed®4 hrs. Then
cells were washed three times with PBS and stam#tdHoechst (1 pg/ml) for 20 min at 37
°C. After incubation cells were washed with PBSéhtimes to remove unstained Hoechst
and images were captured with fluorescence micpes¢®@lympus-1X71SIF-3), capture 7

pro software.
4.4.7. Measurement of mitochondrial membrane poterd! (A¥m)

Mitochondrial membrane potential was measured bgorating to the manufacturer’s
protocol BO™ Mitoscreen kit. Briefly, seed 2xiCcells/well in to the 6-well plates and
incubate for overnight. Replace the medium witlslrenedium containing compound®-

16, 10b, 10gand10i at indicated concentrations for 24 h. After indudratrypsinise the cells
and collect it into 15 mL tubes and centrifuge @ 4 for 5 min at room temperature. Collect
the pellet and add 0.5 mL of freshly prepared J@etking solution to each pellet and
incubate for 15 min at 37 °C in G@cubator. After incubation wash the cells twicgwix
assay buffer at room temperature. Resuspend the ineD.5 mL of 1x assay buffer and

analyze by flow cytometry [44].
4.4.8. Measurement of reactive oxygen species (ROS)

ROS production from DU-145 cells treated with comnpads VP-16, 10b, 10g and 10i was
measured using 2’,7'—dichlorofluorescin diacetddEFDA) dye [24]. DU-145 cells were
seeded in a 6-well plate at a density of Zxddlis/well and incubated for overnight. After

incubation media was replaced with fresh mediuntaiomg compound¥/P-16, 10b, 10g



and 10i at indicated concentrations for 24 h. After 24 bdmm was replaced with fresh
medium containing DCFDA (10 uM) and incubated imkdeonditions for 30 min at room
temperature. Cells were washed with PBS twice amatdscence intensity was measured by
fluorescence microscope (Olympus-1X71SIF-3), captuprosoftware.

4.4.9. Scratch assay

In vitro scratch assay is used to determine the cell migrathd method was adopted from
the literature [45]. DU-145 cells were seeded Bwaell plate at a density of 2x1@ells/well
and maintained till confluency. Small scratch waadmwith sterile 200 uL tip and washed
with PBS to remove debris occurred by scratch.reedia containing compound4¥-16,
10b, 10gand10i at indicated concentrations was added. Cell mimgravas monitored with

phase contract microscopy and images were capaii@d4 and 48 h.
4.4.10. Annexin V/PI staining assay

Annexin V/Pl assay was determined using the AnnexifrITC apoptosis detection kit
(Sigma Aldrich cat. No: APOAF) [46]. Briefly, cellsere seeded in 6-well plate at a density
of 1x10 cells/well and allowed to attach overnight, follaviey treatment with compounds
VP-16, 10b, 10gand10i at indicated concentrations for 24 h. After 24 édilm was discarded
and cells were washed twice with PBS. Gently tnyiasl and resuspend the cells in 1x
binding buffer at a concentration of 1Xills/mL. Incubate the cell suspension withl5
Annexin-V- FITC and 1Q.L of propidium iodide for 10 min at room tempera&and protect
from light. Analysis was carried out by flow cytotne (FACSVerse, Becton-Dickinson,
USA).

4.5. Molecular docking

The molecular docking studies were performed aE&¥E binding site of the Topoisomerase
—lla (PDB ID: 5GWK) [47]. The co-ordinates of the cmisstructure were obtained from
RCSB-Protein Data Bank and suitable correctionsittavere made by using Protein
Preparation Wizard from Schrédinger package. Inamégo the ligands, molecules were
constructed using ChemBio3D Ultra 12.0 and theiongetries were optimized using
molecular mechanics. Finally, docking studies wegdormed on the most active conjugates
(10b, 10gand 10i) by using AutoDock 4.2 docking software [48] artk tresults were
visualized through PyMOL [49].Conjugat®Ob, 10g and 10i were shown in stick and



coloured by the atom type. Carbon: CydmlH), yellow (10g), Pink (L0i), salmon (EVP);
Oxygen: Red; Hydrogen: White; Nitrogen: Blue; Cimler Green; Fluorine: Ice blue.
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Figure/Scheme Captions

Scheme 1.General Synthesis of substituted aryl/benzyl tii@zacid derivatives@a-i and
7a-k). Reagents and conditions: (i) different substidutiryl/benzyl azides, CugGH,0,
sodium ascorbaté,BuOH/H,O (1:1), rt, 12 h; (ii) LIOH, THF:HO (1:1), rt, overnight.

Scheme 2.General synthesis offdamidotriazole linked podophyllotoxin derivatives0g@-i
andlla-k). Reagents and conditions: (i) NaNCRCOOH, DCM, 0 °C-rt, 4 h; (ii) B Pd/C,
EtOAC, 8 h, rt; (iii) anhydrous.DMF, EDCI, HOBT,@-rt, 12h.

Table 1.%Csq values (in pM) for compound4@a-i and11a-K) in selected human cancer cell

lines.
Fig. 1. Structure of podophyllotoxin and its semi-synthelgeivatives.

Fig. 2. Flow cytometric analysisa) DU-145 cells were treated with compound3-16, 10b,
10g,and10i at indicated concentrations for 24t).Percentage of DNA content in the treated

groups was presented in the bar graph.

Fig. 3. Effect of the synthesized compountid3b, 10g, and 10i on topo Il. LaneA: Linear
DNA,; Lane B: Decatenated DNA; Lane C: Catenated DN#ne D: Catenated DNA + topo
II; Lane E: Catenated DNA + topo Il (5 units) + gtside (100 uM); Lane F: Catenated
DNA + topo Il + Compound0Ob (100 uM); Lane G: Catenated DNA + topo Il + Compdun
10g(100 puM); Lane H: Catenated DNA + topo Il + Compdd®@i (100 puM).

Fig. 4. Morphological changes of DU-145 celBffect of compound40b, 10g, and10i on

morphological features and cell viability of DU-14élls.

Fig. 5. Hoechst staining for apoptosis. Condensation aadnientation of chromatin was
observed in DU-145 cells treated with compouMis16, 10b, 10g, and 10i. Randomly



selected various fields in each treatment were tesuior chromatin condensation and

nuclear fragmentation.

Fig. 6. Compoundsnduce mitochondrial membrane potential in DU-148sca) Cells were
treated with compound¥P-16, 10b, 10g, and 10i for 24 h and observed changes in
mitochondrial membrane potential by flow cytometyBar graph represents the percentage

distribution of J-aggregates and J-monomer celiligroups.

Fig. 7. Determination of ROS generation in DU-14H. Fluorescence images are obtained
from the cells treated with the compoundB®-16, 10b, 10g, and 10i for 24 h and then
observed the production of ROS by DCFDA.Bar graph represents the mean fluorescence

intensity.

Fig. 8. In vitro scratch assay on DU-145 cells. Phase contrasteisnagre obtained by the
treatment of compoundgP-16, 10b, 10g, and10i at indicated concentrations for 0, 24 and
48 h.

Fig. 9. Compoundsnduce apoptosis in DU-145 celks) Cells were treated with compounds
VP-16, 10b, 10g,and10i for 24 h. Cells were labeled with Annexin V FITR,and analyzed
in flow cytometry.b) Percentage of cells in the each phase was repeglsienthe bar graph.

Fig. 10.A) Surface binding pose of conjugdt@b, 10g,and10i in EVP binding pockeB)
Binding pose comparison of conjugafidg with EVP at intercalation site of DNA
topoisomerases+dl ConjugatelOb, 10g,and 10i were shown in stick and colored by the
atom type. Carbon: Cyarl@b), yellow (10g), Pink @0i), salmon (EVP); Oxygen: Red,
Hydrogen: White; Nitrogen: Blue; Chlorine: Greetydtine: Ice blue.

Fig. 11.A) B) andC) Hydrogen bonding of conjugai®b, 10g,and10i respectively in EVP
binding pocket of topoisomerases:l|

Fig. 12.A), B) andC) Binding pose of conjugat&Ob, 10g,and10i respectively, including
hydrophobic interactions in EVP binding pocketwbulin (PDB ID: 5GWK).
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Table 1.8Csg values (in pM) for compound4@a-i and11a-k) in selected human cancer cell

lines

Compound Held MCF-7¢  DU-145 AB4F HepG?2 HT-29¢  NIH/3T3"
10a 2.47+0.24 1.45+0.46 1.31+0.11 1.82+0.11  1.94+0.13 .37850.74 53.86+1.26
10b 6.49+0.22 1.11#0.10 0.99+0.07 1.61+0.38 2.79+0.54 11.40+1.66 62.89+2.07
10c 18.55+2.22 8.036+0.58 14.50+2.74 12.15+0.04 11.6¥20 15.11+1.40 66.23+1.99
10d 17.00+4.16 8.656+0.26 11.66+1.27 17.72+0.86 13.7&0 19.59+0.35 76.95+4.44
10e 10.21+0.66 7.338+0.13 8.545+0.69 14.68+1.25 0.9572® 8.545+0.69 79.62+1.42
10f 47.69+8.49 7.614%0.77 8.918+0.46 0.974+0.03 9.9FBO 17.86+0.46 67.25+4.36
10g 0.78+0.02 0.97+0.12 0.70+0.01 1.20+0.01 0.78+0.08 4.11+0.71 89.04+0.73
10h 78.61+1.15 6.699+0.06 9.441+0.12 14.06+4.02 10.9181 13.82+0.48 98.13+5.30
10i 1.21+0.27 1.35+0.07 0.89+0.02 1.96+0.08 1.21+0.27 4.40+0.05 83.82+3.35
11a 18.81+0.70 13.70+0.35 17.13+2.34 13.33+0.47 13.1430 19.07+1.24 67.02+4.84
11b 3.46+0.06 3.32#0.55 1.7620.27 5.82+0.43  1.96+0.07 7.53+0.34 66.97+3.40
11c 22.61+2.71 7.71120.22 12.41#2.10 21.33+0.76  9.8880. 31.29+3.01 74.06%3.17
11d 12.40+0.46 12.19+0.19 13.53+0.15 19.64+3.38 12.G8R30 13.53+1.78 83.75+4.51
1le 25.8146.28 13.94+1.08 14.64+0.65 32.39+2.10 14.280 27.37+4.98 81.31+1.34
11f 10.21+0.66 7.338+0.13 8.545+0.69 14.68+1.25 0.95720 8.545+0.69 61.95+0.69
11g 32.87+3.67 34.54+3.68 27.69+6.84 34.46+0.85 26.5M3 36.35+2.95 69.48+1.60
11h 3.57+0.16  5.30#0.39 2.37+0.08 8.06+0.06  3.54+0.37 3.72+0.38 81.26+1.03
11i 28.99+0.45 19.13+2.53 22.77v3.27 75.69+2.21 34.08%1 78.33+1.17 91.14+3.33
11 26.62+4.28 21.92+1.94 32.94+1.87 27.84+1.43 20.3B&1 66.42+3.67 75.50+2.24
11k 22.68+1.07 4.395+0.50 5.677+0.22 8.652+3.08 6.6(BRA0 40.47+1.25 88.40+3.70

Etoposide  2.71#0.52  1.62+0.14 2.35:0.05 1.97#0.17  2.84+0.27 .8740.31 y

Podophyllo  3.45:0.29  3.06:0.24  4.15:0.63  4.60:0.42  6.63+0.17 .7840.16 '
toxin

%0% Inhibitory concentration after 48 h of drugatreent and the values are an average of three

individual experimentscervical,“breastprostateung, ‘liver, °colon, and'normal fibroblast cells.
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Fig. 1. Structure of podophyllotoxin and its semi-synthelgeivatives.
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Fig. 2. Flow cytometric analysisa) DU-145 cells were treated with compound3-16, 10b,

10g,and10i at indicated concentrations for 24t).Percentage of DNA content in the treated

groups was presented in the bar graph.



Fig. 3. Effect of the synthesized compountidb, 10g, and 10i on topo Il. LaneA: Linear
DNA; Lane B: Decatenated DNA; Lane C: Catenated DNa&ne D: Catenated DNA + topo
II; Lane E: Catenated DNA + topo Il (5 units) + ptside (100 uM); Lane F: Catenated
DNA + topo Il + CompoundOb (100 uM); Lane G: Catenated DNA + topo Il + Compdun
10g(100 puM); Lane H: Catenated DNA + topo Il + Compdd®@i (100 pM).

Cell Ctrl VP-16 (2 uM) L0b (0.5 pM) 10b (1 M)

10g (0.5 uMD)

T R

Fig. 4. Morphological changes of DU-145 celBffect of compound40b, 10g, and10i on
morphological features and cell viability of DU-148élls.
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Fig. 5. Hoechst staining for apoptosis. Condensation aagnientation of chromatin was
observed in DU-145 cells treated with compoudis16, 10b, 10g, and 10i. Randomly

selected various fields in each treatment were temufior chromatin condensation and

nuclear fragmentation.
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Fig. 6. Compoundsnduce mitochondrial membrane potential in DU-148sca) Cells were
treated with compound¥P-16, 10b, 10g, and 10i for 24 h and observed changes in
mitochondrial membrane potential by flow cytometyBar graph represents the percentage
distribution of J-aggregates and J-monomer celiligroups.
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Fig. 7. Determination of ROS generation in DU-14%. Fluorescence images are obtained
from the cells treated with the compoundB-16, 10b, 10g, and 10i for 24 h and then
observed the production of ROS by DCFDA.Bar graph represents the mean fluorescence

intensity.
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Fig. 8. In vitro scratch assay on DU-145 cells. Phase contrasteisnagre obtained by the
treatment of compoundgP-16, 10b, 10g, and10i at indicated concentrations for 0, 24 and

48 h.
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Fig. 9. Compoundsnduce apoptosis in DU-145 celks) Cells were treated with compounds
VP-16, 10b, 10g,and10i for 24 h. Cells were labeled with Annexin V FITR,and analyzed
in flow cytometry.b) Percentage of cells in the each phase was repeglsernthe bar graph.



Fig. 10.A) Surface binding pose of conjugdt@b, 10g,and10i in EVP binding pockeB)
Binding pose comparison of conjugafidg with EVP at intercalation site of DNA
topoisomerasesdl ConjugatelOb, 10g,and 10i were shown in stick and colored by the
atom type. Carbon: Cyarl@b), yellow (10g), Pink @0i), salmon (EVP); Oxygen: Red,;
Hydrogen: White; Nitrogen: Blue; Chlorine: Greetydtine: Ice blue.

Fig. 11.A) B) andC) Hydrogen bonding of conjugai®b, 10g,and10i respectively in EVP

binding pocket of topoisomerases:Il

Fig. 12.A), B) andC) Binding pose of conjugateOb, 10g,and 10i respectively, including
hydrophobic interactions in EVP binding pocketwbulin (PDB ID: 5GWK).



Resear ch Highlights

1.

In the present work 20 derivatives (10a-i and 11a-k) were synthesized and tested for their
antiproliferative activity.

Compounds 10b, 10g and 10i showed significant cytotoxicity with 1Csp values of, < 1 uM
against the tested human cancer cdll lines.

3. Compounds (10b, 10g and 10i) induce cell cycle arrest in the G2/M phase.

4. Topoisomerase-mediated DNA relaxation assay results showed that the derivatives could

effectively inhibit the activity of Topoisomerase-1I.

The apoptotic studies were showed that this class of compounds could induce apoptosis of
DU-145 cdlls.

Compounds (10b, 10g and 10i) can be considered as interesting lead molecules for further

development of more potent anticancer agents against prostate cancer cells.



