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Abstract

Twenty novel aminophosphonates derivativea-%j and 6a-6j) conjugated irinotecan were
synthesized through esterification reaction, analuated their anticancer activities using MTT
assayln vitro evaluation revealed that they displayed similasugerior cytotoxicity compared to
the positive drug irinotecan against A549, MCF-7K-@V-3, MG-63, U20S and
multidrug-resistant (MDR) SK-OV-3/CDDP cancer di#les. Among them9b displayed the most
potent activity, with IGy values of 0.92-3.28M against five human cancer cells, which exhibited
a 5.4~19.1-fold increase in activity compared te teference drug irinotecan, respectively.
Moreover, cellular mechanism studies suggesteddthatrested cell cycle at S stage and induced
cell apoptosis along with the decrease of mitochiahchembrane potential (MMP). Interestingly,
9b significantly inhibited tumor growth in SK-OV-3 wregraft modeldn vivo without apparent
toxicity, which was better than the positive druigatecan. Taken togethédbh possessed potent
antitumor activity and may be a promising candidatethe potential treatment of human ovarian

cancer cells.
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1. Introduction

It is well known that malignant tumor has become ohthe most important causes of death
worldwide due to its high rates of morbidity and ratity [1, 2]. Therefore, how to treat
malignant tumor is a huge challenge for modern nieditechnology. Currently, among various
cancer treatments, the main method was still usesnotherapy owing to its high efficiency.
However, the conventional chemotherapy usually eseff from several limitations, such as
nonspecific selectivity, poor bioavailability, segalrug resistance, and severe adverse reaction for
healthy tissues [3-5]. Increasing evidence inditdtet targeted drug design is one of the most
promising strategies to improve drug accumulatiotuimors and therapeutic efficacy as well as
reduce drug toxicity.

Camptothecin (CPT) and its analogs irinotecandginl 10-Hydroxy camptothecin (SN-38),
as a well-known topoisomerase | (Topo |) inhibitd§g. 1), are widely used for cancer
chemotherapy [6-9]. Most commonly, irinotecan cast pnly be used in combination with
fluorouracil (5-FU) and leucovorin (LV) as a filgte treatment option for metastatic colorectal
cancer patients but also can serve as a monothdaapgolorectal cancer patients [10, 11].
However, the poor selectivity between normal anacea cells usually leaded to serious adverse
effects including the gastrointestinal tract (evgpmiting and diarrhea) and a severe impact on the
bone marrow (e.g., neutropenia), and then becortfiegobstacle in clinical drug application
[12-14]. Thus, the high rate of irinotecan toxicityas encouraged the development of
the effective treatment method to reduce the dregygre side effects.

Several approaches, such as the development dfirpgs- (e.g., conjugates and polymer
bound irinotecan), different carrier types (e.gpp$omes, polymeric nanoparticles, and inorganic
materials), have been employed with some succesgifiotecan delivery [15-19]. Study has
demonstrated that most of polymeric nanopartictesved promisingn vitro andin vivo results,
while most of the nanocarriers did not possessafeitic efficacy by themselves and the limited
capacity to load drugs [21-23]. More importantlypree nanocarriers might cause side effects, such
as toxicity and inflammation toward to organs (ekjdneys and liver) in the process of
metabolism. Recently, some studies suggested thmbduction of phosphate ester or
bisphosphonate ester moiety to anticancer agergs (@splatin, camptothecin and doxorubicin)

could effectively improve the antitumor activity catthe solubility of drugs [23-25]. Moreover,



owing to alkaline phosphatase high-expressed irestteacellular space of cancer cells such as
hepatic carcinoma and ovarian tumor cells, indigpintroduction of phosphate esters group in
anticancer drugs is a promising strategy to devéogeted anticancer agents [26]. In addition,
phosphates or bisphosphonates have high affinitglium ions and display significant inhibition
to osteoclastic resorption or anticancer effectgraclinical models [23, 27-29]. Some phosphate
esters have been applied to design targeted dorgsohe cancer due to their high affinity to
calcium ions [28, 29]. Thus, the incorporation ofi@ophosphonate esters group with
chemotherapy drugs could potentially obtain anttearagents with bone-targeting ability. More
importantly, most natural or synthetic aminophosgtte compounds have been found to show
moderate cytotoxic activity against a variety ofrtan cancer cell lines, which can inhibit
enzymes of different class and origin (e.g., matnigtalloproteinases) [29-34]. Therefore, the
introduction of aminophosphonate esters group teamcer drug irinotecan (Ir) is expected to
target tumor tissue and increase the antitumovigctf Ir.

Given these considerations, we postulated thaihtheduction of an aminophosphonate ester
group at the anticancer drug irinotecan could lkeadnhance efficacy and reduce side effects as
well as optimize the physicochemical propertiesaohew irinotecan-related anticancer drug
candidate. Here, in the present study, we introdube functional fragment aminophosphonate
ester groups into irinotecan at the C-20 positi@nesterification reaction, and synthesized a new
series of derivatives of irinotecan as potentidicamcer agents.

2. Resultsand discussion

2.1. Synthesis and characterization

The synthetic route of the target irinotecan deives is shown inScheme 1. The
aminophosphonate ester moietibsa(d6) were synthesized according to the reported proesd
[25, 35]. Firstly, compounds3 and 4 were prepared by the treatment of
2-(4-aminophenyl)acetic acid or 4-(4-aminophenyiybic acid with aromatic aldehyded)(in
methanol. Secondly, the intermediate compouhdsid6 were then obtained in good yields by
addition reaction of3 and 4 treated with diethyl phosphate, respectively. Rnahe target
irinotecan derivatives-9 were prepared by the treatment of compoubdand 6 with DCC,
DMAP, and irinotecan in dichloromethane at 3fbr overnight. Moreover, all target compounds
(8-9) were characterized BYd and**C NMR spectra as well as high resolution mass spempy
(HR-MS). The purity of all target compoundsgnd9) were>95% as determined by HPLC with a

Symmetry C18 column (4.6 x 250 mmuB) and the spectral data in the experimental sectio



2.2. In vitro cytotoxicity.

The twenty novel irinotecan (Ir)-derivativé®a-8j and 9a-9j were evaluated foin vitro
anti-proliferative activity against five human cancells including A549 (lung), MCF-7 (breast),
MG-63 (osteosarcoma), SK-OV-3 (ovarian) and SK-Q®EDP (cisplatin resistance cells) using
MTT assay with triplicate experiments. Ir and CDBre served as positive drugs, and the
screening results are shown in Table 1. From thelteof the MTT assay, all twenty new target
compounds &a-8) and9a-9j) showed efficientn vitro cytotoxic activity against the tested five
human tumor cell lines, with kg values ranging from 0.92 to 16.Q81, indicating that both the
R; and R groups into the benzene ring might influence tlytotoxic activity of the new
Ir-derivatives. As shown in table 1, most of symsihed new compounds (e.8h, 8f, 8g, 9b, e,
of, 9g and9j) exhibited superior cytotoxic activity comparedthe positive drug cisplatin against
the five human cancer cell lines, and all compoutidplayed better antitumor activities against
SK-OV-3/CDDP cells than that of cisplatin, respeely. Moreover, all of the new compounds
(except8h, 8i and9h) equivalent or superior antitumor activities comguhto the reference drug Ir
against the tested human cancer cells. Espedaligng the newly synthesized title compounds,
9b was the most potent compound against the fivedeBtuman cancer cells, with g values
ranging from 0.92 to 4.2(0M, respectively. Notably9b also showed greater anticancer activity
against SK-OV-3/CDPP cells (&= 1.39+1.02uM) compared with the reference drugs Ir{J€
26.55+2.33) and cisplatin (37.45+1.0™), respectively. Interestingly, it was noted thilttarget
compounds (except foBc and 9b) displayed better antitumor activities against ttvaman
osteosarcoma cells MG-63 and U20S than those camigotoward other human cancer cells
such as A549 (lung), MCF-7 (breast), SK-OV-3 (o&a)ian SK-OV-3/CDDP cells, indicating
these irinotecan (Ir)-derivatives have a selediwvécity for the MG-63 and U20S cells. Therefore,
these results seemed to indicate that introduafdinnctional fragment aminophosphonate ester
in Ir could potentially obtain anticancer agentthwione-targeting ability.

Structure-activity relationship (SAR) correlationsre also identified for the synthesized new
compounds. As shown in Table 1, compou8ld&nd8i, which contain —C| and -Br @Rinto the
para-position of the benzene ring, displayed reddifilower antiproliferative activity against four
human cancer cells including A549, MCF-7, SK-OVHl &K-OV-3/CDDP cell lines. In contrast,

moving the —CI group from the meta-position to flaea-position (R significantly increased the



anti-proliferative activity. The similar results veealso observed in compoun@s9j. Moreover,
when the group was fixed as —O§HF, into the benzene ring of para-positiony)(Rr
meta-position (B, such as compoundb, 8c, 8e, 8g, 8] and9b, 9c, 9¢, 9g and 9, caused a
significant increase in anti-proliferative efficacpmpared tBa and9a. More importantly, the
similar results were also observed in compouda9j. Moreover, compound8a-8j and9a-9;,
had different in the carbon chain length, exhibitéiferent cytotoxic activity toward to human
cancer cells. As shown in Table 1, target compo@adgj exhibited better anticancer activities
against five human cancer cells than that of comgse8a-8j, indicating increase of the carbon
chain length could increase the antitumor actigitthe compound. Taken together, these findings
suggested that introduction of electron-donatingugr(such as -OCHgroup) or strong electron
withdrawing groups (such as -F group) into the leeezring of para-position or meta-position,
and then an increase of the carbon chain lengghtrboie obtained the best results.

2.3. HPLC Analyses on the stability of compound 9b.

The stability of compounéb dissolved in PBS (pH 7.4) with or without 10% FB&mined
by HPLC technique at different time, and the cqroggling chromatograms were shownFig.

S1. As shown irFig. S1, it was observed th&b kept unchangeable in a period of 24 h, indicating
that the designed compoufild was stable under the tested conditions.
2.4. Antitumor effect of compound 9b in vivo.

Compounddb was chosen to investigate fimevivo anticancer efficacy owing to its excellent
antitumor activity against the tested human camedlr lines. SK-OV-3 tumor-bearing BALB/c
nude mice were used as the animal mode and inwagininjected with free irinotecan (Ir) and
compounddb, respectively. As shown iRig.2 B and D, the growth of SK-OV-3 tumor xenograft
was significantly suppressed by 47.7% and 56.8%, (IRhibition rate of tumor growth) after
treatment groups were injected wih at two doses (10 and 20 (mg/kg)/7days) for threeks in
the SK-OV-3 tumor model, respectively. Interestin@b exhibited better antitumor activity (IRT
= 56.8%) than the reference drug Ir (IRT = 53.586)evidenced by changes in the weight of the
mice after intravenously injected wifib (20 mg/kg, equal weighting dose to Ir) over therseu
of treatment. More importantly, it was noted thahjagation of Ir with aminophosphonate ester
species not only improved therapeutic effects,disn reduced the toxicity of Ir as evidenced by

the inhibition of tumor growthKig.2 B and D) and less decline of body weight thanréierence



drug Ir Fig.2 C). Furthermore, the toxicity was further evaluabsgchistological images in major
organs (liver, heart, lung, kidney and spleen)ufgjtoH&E staining. As shown in tHeig.3, H&E
staining of the organs collected at the end of shely also indicated no observable major
organ-related toxicities. Therefore, these residtmonstrated th&b was efficacious in inhibiting
the growth of SK-OV-3 tumor xenograft vivo and deserved further evaluation.

2.5. Anticancer mechanism of compound 9b.

2.5.1 Topo | inhibitory activity.

To further investigate the mechanism by which gutisetic compoun@®b inhibited Top | and
thereby caused cytotoxicity, the effect @ on Top | activity was detected by measuring the
relaxation of supercoiled DNA of plasmid pBR322dahe Ir was served as positive drug. As
shown inFig.4, the supercoiled form (lower bands) increasedr afeatment with9b at the
indicated concentrations, indicating the Topo liliitbry activity of 9b, and the positive drug Ir
(100 and 15@M) was found to inhibit Topo | activity as expectétbtably, it was noted th&b
inhibited Topo | activity in this cell-free assay & concentration-dependent manner, and similar
to Ir (Fig.4). Thus, these results indicated tBhtmay be a new class of Topo | inhibitor.

2.5.2 Induction of apoptosis.

To further study the anticancer ability of compowdid cell apoptosis investigation was
carried out, and the SK-OV-3 cells was used theCFAhnexin V/propidium iodide (PI) stain,
with Ir as positive control. The untreated cellsevased as control. As shownFhig.5, the flow
cytometry analysis results showed that the ratiapoiptosis cells was 12.02% (including the early
and late apoptosis) induced by Ir. Notably, afteatment with 5.0 or 10M of 9b for 24 h, the
percentage of apoptosis cells (including the eanly late apoptosis) is increased from 21.11% to
32.27%, respectively. Interestingly, the apoptosis 0of9b was significantly greater than that of Ir
in early apoptosis under the same concentratior1¥ vs 25.47%). In shorts, these results
suggested th&b triggered SK-OV-3 cells death through apoptotithpey.

2.5.3 Cell morphological evaluation.

The ability of compoun®b to induce apoptosis was further evaluated by airagythe cell
morphology of the exposed SK-OV-3 cells. Thus, tk#s were stained with Calcine AM and
propidium iodide (PI) to mark living (green) andogpotic (red) cells (including the early and late

apoptosis), respectively. As shownFig.6, for the control group, vast majority of cellsaléve. It



was noted that most of cells incubated with compdmwere killed in the group, in comparison,
the cells in Ir group are only a few killed aftarcubation. Overall, these results further
demonstrated that compou@id significantly induced apoptosis in SK-OV-3 cells.

2.5.4. 9b inhibited the migration of SK-OV-3 cellsin vitro.

The effect ofdb on cell migration, which was a major mechanisnolwgd in tumor invasion
and migration, was also examined through scratcaifk-OV-3 cells monolayer and monitoring
the percentage of wound closure. As illustrateBim 7, the wounds of SK-OV-3 cells exhibited
56.9% closure in the absence of drug treatment 2ftdr. In comparison to the control group, the
wounds of cells exhibited 51.2% closure after iratign of Ir at 10uM for 24 h Fig. 7).
Interestingly, the wounds of SK-OV-3 cells exhidit¢8.9% and 42.8% after incubation3if at
5.0 and 1QuM for 24 h compared to control cells, respectivéiig. 7). In shorts, these results
indicated thaBb remarkably attenuated the migration of SK-OV-3<ell
2.5.5 Cédll cycle analysis.

We also investigated the effect of compo@hdon cell cycle by measuring DNA content via
a flow cytometry. As shown ifrig. 8, in comparison to the control group, the cell eyalas
obviously changed after incubation wBh at 5.0 and 1QM: the percentage of S stage increases
to 27.86% and 41.40%, respectively. In additiorlsdeeated with Ir at 1M exhibit a similar
cell cycle to that of th@&b group cells Fig. 8). In shorts, these results clearly suggesteddhat
caused arrest in the S stage in SK-OV-3 cells.

2.5.6 9b triggered mitochondrial pathway dependent apoptosis.

Several studies demonstrated that mitochondria gaaynportant role in controlling cellular
functions, and mitochondrial dysfunction usualiggered cell apoptosis [36, 37]. Here, in order
to further examine wheth@&b induced SK-OV-3 cells apoptosis was involved idisruption of
mitochondrial membrane integrity, thus, the fluoeg probe JC-1 was used to detect the
mitochondrial membrane potential (MMP) using floygametry analysis. As shown kig. 9, the
MMP level in SK-OV-3 cells was decreased to 81.99%n that of control cells (97.87%) after
incubation of Ir at 1QuM for 24 h. Interestingly, in comparison of contoalls, the MMP level in
SK-OV-3 cells was decreased to 80.86% and 61.5%84 iamicubation oBb at 5.0 and 1M for
24 h, respectivelyHig. 9). These results indicated that cells incubatioBhlofriggered a decrease

the MMP level in a concentration-dependent manmanjch indicated the activation of



mitochondria mediated apoptosis.
2.5.7 9b triggered reactive oxygen species (ROS) generation.

Increasing evidence demonstrated that intracelbelactive oxygen species (ROS) generation
was closely connected with apoptosis [38-40]. Hengracellular ROS level was therefore
investigated by 2 7-dichlorofluoresceindiacetate (DCFH-DA) in the mese or absence 8b.

As shown inFig. 10, the production of ROS level was increased to &hb.5han that of control
group cells (2.63%) after incubation of Ir at i for 24 h. Interestingly, in comparison of
control group cells9b induced the production of ROS level in a dose-ddpat manner, and the
production of ROS level in SK-OV-3 cells was in@ed to 28.27% and 37.49%, respectiveig(
10). Notably, after cells exposure to LM of 9b, the production of ROS level was almost twice
compared to positive drug Ir (21.58% vs 37.49%).id\kll, these results suggested that ROS may
mediate cell apoptosis in the presencelof

2.5.8 9b regulates the expression of apoptosis-related proteins.

The above results suggested ti®at induced cell apoptosis was closely connected with
mitochondrial pathway. Bcl-2 family proteins playn aimportant role in mitochondrial
stress-induced cellular apoptosis [41, 42]. Thios,expression of apoptosis-related proteins (such
as Bcl-2 and Bax) was also investigated using weddiot assay. First, SK-OV-3 cells were
incubated witheb (5.0 and 1@M) and Ir (10uM) for 24 h, and the untreated SK-OV-3 cells were
served as negative control, and cells treated witi0 uM) were used as positive control. As
shown inFig. 11, 9b markedly up-regulated the expression of Bax pnofgio-apoptotic protein)
and correspondingly down-regulated the expressfoBab2 protein (anti-apoptotic protein) in
comparison of untreated control cells. Moreovemynstudies indicated that caspase-3 and -9 has
been regarded as an important effector of cell &y®igp and confirmed as being activated in
response to anticancer agents [43, 44]. Thus, tihefu evaluate if the caspase-3 and -9 was
activated by compoun@b, the western blot analysis was used to evaluageekpression of
caspase-3 and -9 proteins. The western blot resudigested that the expression of caspase-3 and
-9 proteins were clearly increased 8y or Ir compared to untreated control cellSg; 11).
Notably, the above results clearly suggested thiadw@gh Bax, Bcl-2, caspase-3 and -9 could be
activated by Ir, whereas t8 was the most significant one to promote the atitivaof these

proteins.



3. Conclusion

In summary, a novel series of aminophosphonatevati®es conjugated irinotecan were
designed and synthesized, and also evaluated fiepratiferative activity by MTT assay. Thi&
vitro assays revealed that all twenty new target comgmuBa-8 and 9a-9j) exhibited
comparable or superior cytotoxic activity compatedhe reference drug irinotecan. Especially,
most of the synthesized new compounds were far paient than reference drugs irinotecan and
cisplatin against SK-OV-3/CDDP cells. Moreover, fimevitro assay results indicated that the
electron-donating group (such as -OQHoup) or strong electron withdrawing group (sash-F
group) into the benzene ring of para-position otasposition and then an increase of the carbon
chain length (e.g9b, 9c, 9¢, 9g and9j), exhibited much improved potency in comparisontteer
analogues in this series. Among thédh, the most potent compound, exhibited a 5.4~19d -fo
increase in activity when compare with anticanaeigdrinotecan, with g, values of 0.92-3.23
uM against five human cancer cells, respectivelytttermore 9b significantly caused cell cycle
arrest at the S stage and induced apoptosis in $R-@ells through mitochondrial-dependent
apoptosis pathway. Moreover, most of target comgsud and 9) displayed better antitumor
activities against two human osteosarcoma cells@3@nd U20S than those compounds toward
to other four human cancer cells, suggesting tleesgpounds were promisingly bone-targeting
agents. More importantl@b significantly inhibited tumor growth in mouse xemafy models and
had no observable toxic effect. Upon the significamtitumor efficacy bothn vitro andin vivo,
further development ddb-related compounds as potential anticancer clirtitall candidates was
definitely warranted. Furthermore, the pharmacdigngrofile of compoundb still need to be
improved and its therapeutic advantages over tfezerece drug irinotecan remain to be further
evaluated.
4. Experimental section

All chemicals and solvents were analytical reaggatle and commercially available, and used
without further purification. Column chromatograptwas performed using silica gel (200-300
mesh). Mass spectra were measured on a Thermatiicie@/MS instrument™H NMR and*C
NMR spectra were recorded in CRGr DMSOd6 with a Bruker 400 or 600 MHz NMR
spectrometer.

4.1. General procedure for the preparation of compounds 8a-8j and 9a-9;.



Synthesis of compoundsa and 6a [25, 35]. To solution of benzaldehydg, (1.17 g, 11.0
mmol) and 4-(4-aminophenyl) acetic ac® (.51 g, 10.0 mmol) or 4-(4-aminophenyl) butyric
acid @, 1.79 g, 10.0 mmol) in dry methanol (50 mL), anded some anhydrous §0, (284 mg,
2.0 mmol) in reaction, and then the mixture wasredi and refluxed for overnight. After
completion, the solvent was removed under reducesspre to obtain the intermediatdr 4, to
which was added diethyl phosphite (8 mL), and tligure was stirred at 50 °C for 2~3 h. After
completion of reaction, the reaction mixture wakitdd with dichloromethane (200 mL), and
washed three times with water (3 x 300 mL). Theaoig phase was dried over anhydrousS@
and concentrated under vacuum. The residue wafiedunn silica gel column, eluting with
CH;0OH/CH,CI, = 1:100, 1:80) to obtain the desbe (2.8 g, yield 70.89%) o6a (3.2 g, yield
76.4%) as a white solid.

Compoundsa. *H NMR (600 MHz, DMSOQd6) & 12.10 (s, 1H), 7.52 (dl = 7.6 Hz, 2H),
7.31 (t,J = 7.6 Hz, 2H), 7.23 () = 7.2 Hz, 1H), 6.89 (d] = 8.4 Hz, 2H), 6.73 (d] = 8.5 Hz, 2H),
6.30 — 6.27 (m, 1H), 5.04 — 4.98 (m, 1H), 4.08024m, 2H), 3.91 — 3.87 (m, 1H), 3.73 — 3.68 (m,
1H), 3.31 (s, 2H), 1.19 () = 7.0 Hz, 3H), 1.04 () = 7.0 Hz, 3H)."*C NMR (150 MHz,
DMSO-d6) 6 173.70, 146.36, 146.28, 137.41, 130.02, 128.88,4%2 127.82, 123.56, 113.87,
62.97, 62.67, 54.94, 53.93, 16.81, 16.54.

Compound6éa. 'H NMR (400 MHz, DMSOd6) & 11.97 (s, 1H), 7.52 (dl = 7.1 Hz, 2H),
7.31 (t,J = 7.3 Hz, 2H), 7.24 — 7.21 (m, 1H), 6.83 Jd; 8.1 Hz, 2H), 6.71 (d] = 8.1 Hz, 2H),
6.27 — 6.05 (m, 1H), 5.02 — 4.93 (m, 1H), 4.16634m, 2H), 3.92 — 3.84 (m, 1H), 3.75 - 3.67 (m,
1H), 2.37 (tJ = 7.3 Hz, 2H), 2.14 (] = 7.2 Hz, 2H), 1.71- 1.64 (m, 2H), 1.18)& 7.0 Hz, 3H),
1.04 (t,J = 7.0 Hz, 3H)."*C NMR (100 MHz, DMSQd6) & 174.81, 145.77, 145.62, 137.53,
130.22, 128.99, 128.83, 128.42, 127.81, 114.085%%2.66, 55.41, 53.90, 34.01, 33.54, 27.07,
16.79, 16.53.

General synthesis of compoungis8j and9a-9j. To a solution ob or 6 (1.0 equiv), DCC
(1.5 equiv), and DMAP (0.2 equiv) in dry GEl, (4 mL), Ir (44 mg, 0.071 mmol, 0.2 equiv) was
added in portions, and the mixture was stirred Gt 3for overnight. After completion, the
reaction mixture was filtered to remove white swslifticyclohexylurea) and the filtrate was
concentrated under vacuum. Then, the residue wadfeduon silica gel column, eluting with a

mixing solvent (CHOH/CH,CI, = 1:80, 1: 60, 1:40, 1:30) to obtain the desirethgounds8a-8;



and9a-9j as a yellow solid. The resulting compounds wergioned by'H NMR, *C NMR, and
HR-MS spectra.

CompoundBa. 45 mg,yield: 67.2%.*H NMR (600 MHz, CDC}J) § 8.26 — 8.23 (m, 1H), 7.87
(d,J = 2.2 Hz, 1H), 7.65 — 7.62 (m, 1H), 7.41X& 7.8 Hz, 2H), 7.28 — 7.22 (m, 3H), 7.12 Jc&

3.7 Hz, 1H), 7.02— 6.99 (m, 2H), 6.55— 6.52 (m, 25$3 (d,J = 17.2 Hz, 1H), 5.39 (d = 17.2
Hz, 1H), 5.23 (dJ = 4.2 Hz, 2H), 4.82— 4.66 (m, 2H), 4.52— 4.40 PH), 4.12 — 4.05 (m, 2H),
3.94 — 3.89 (m, 1H), 3.70 — 3.61 (m, 3H), 3.19-731@, 3H), 2.96 — 2.77 (m, 5H), 2.31 — 2.24 (m,
1H), 2.17 — 2.07 (m, 3H), 1.88 — 1.69 (m, 6H), 1(§52H), 1.41 (tJ = 7.7 Hz, 3H), 1.26 ({J =

7.3 Hz, 3H), 1.11 — 1.07 (m, 3H), 0.94 — 0.91 (H).3°C NMR (150 MHz, CDG)) § 171.23,
167.52, 157.32, 153.05, 151.52, 150.30, 147.14,754845.70, 145.46, 145.32, 135.67, 131.66,
130.18, 128.55, 127.92, 127.81, 127.78, 127.52,082125.94, 122.39, 120.12, 114.65, 114.04,
95.89, 75.99, 67.14, 63.34, 63.30, 63.23, 62.704 A65.47, 50.17, 49.24, 44.10, 43.75, 39.53,
31.84, 29.70, 27.71, 26.96, 25.13, 23.93, 23.18/51616.43, 16.19, 14.04, 7.52. HR-MS (m/z)
(ESI): calcd for GHgNsO10P [M+H]": 946.4156; found: 946.4123. Purity: 98.00% (by I@pL
tr=17.897 min.

Compoundb. 50 mg, yield: 73.5%'H NMR (600 MHz, CDC}) & 8.21 (d,J = 9.2 Hz, 1H),
7.84 (d,J = 2.3 Hz, 1H), 7.60 (d] = 9.2 Hz, 1H), 7.38 — 7.32 (m, 2H), 7.09 Jds 2.4 Hz, 1H),
7.00 — 6.92 (m, 2H), 6.94 @,= 8.5 Hz, 2H), 6.50 — 6.47 (M, 2H), 5.60 Jd; 17.2 Hz, 1H), 5.37
(d, J = 17.2 Hz, 1H), 5.20 (d] = 4.6 Hz, 2H), 4.74 — 4.60 (m, 2H), 4.48 — 4.36 PH), 4.11 —
4.00 (m, 2H), 3.95 — 3.88 (m, 1H), 3.73 — 3.67 {id), 3.64 — 3.59 (m, 2H), 3.16 — 3.07 (m, 3H),
2.93 - 2.71 (m, 6H), 2.30 — 2.21 (m, 1H), 2.14612m, 3H), 1.83 — 1.60 (s, 6H), 1.57 — 1.46 (s,
2H), 1.38 (tJ = 7.7 Hz, 3H), 1.24 (d] = 6.6 Hz, 3H), 1.12 — 1.08 (m, 3H), 0.93 — 0.88 8H).
3¢ NMR (150 MHz, CDGJ) 6 171.20, 167.52, 163.19, 161.54, 157.33, 153.06,515 150.33,
147.12, 146.74, 145.70, 145.36, 145.26, 145.16,6131131.46, 130.23, 129.40, 129.35, 129.32,
127.53, 127.09, 125.96, 122.64, 120.10, 115.58,45]15114.65, 114.04, 95.88, 76.03, 67.14,
63.42, 63.33, 63.29, 62.57, 55.78, 54.78, 50.145N4.17, 43.82, 39.53, 31.83, 29.70, 27.79,
27.04, 25.31, 24.06, 23.18, 16.43, 16.23, 14.0%2.7HR-MS (m/z) (ESI): calcd for
Cs2HsoFNsO1 0P [M+H]" : 964.4062; found: 964.4023. Purity: 96.05% (by 1@PLiz = 9.657 min.

CompoundBc. 49 mg, yield: 70.5%H NMR (600 MHz, CDCJ) 6 8.21 (d,J = 9.2 Hz, 1H),

7.84 (d,J = 2.4 Hz, 1H), 7.60 (d] = 9.2 Hz, 1H), 7.34 — 7.29 (m, 2H), 7.22 — 7.18 @), 7.09



(d,J = 4.1 Hz, 1H), 7.01 — 6.97 (m, 2H), 6.49 — 6.46 2id), 5.60 (d,) = 17.2 Hz, 1H), 5.37 (d
=17.2 Hz, 1H), 5.20 (d] = 4.1 Hz, 2H), 4.70 — 4.70 (m, 1H), 4.68 — 4.60 {id), 4.52 — 4.41 (m,
2H), 4.10 — 4.03 (m, 2H), 3.97 — 3.91 (m, 1H), (@3 = 8.5 Hz, 1H), 3.62 — 3.59 = 11.4 Hz,
2H), 3.17 — 3.11 (m, 3H), 2.99 — 2.88 (m, 5H), 2-:30.22 (m, 2H), 2.15 — 2.08 (M, 2H), 1.90 —
1.78 (m, 6H), 1.62 — 1.54 (m, 2H), 1.38Jt 7.6 Hz, 3H), 1.27 — 1.21 (m, 3H), 1.13 — 1.09 (m
3H), 0.93 — 0.88 (m, 3H}*C NMR (150 MHz, CDGJ) § 171.18, 167.51, 157.32, 152.98, 151.58,
150.19, 147.16, 146.73, 145.70, 145.38, 145.19,0%49.34.40, 133.65, 131.66, 130.25, 129.10,
128.74,127.51, 127.13, 125.87, 122.72, 120.12,711414.06, 95.88, 79.04, 76.04, 67.14, 63.47,
63.39, 63.35, 62.97, 55.94, 54.94, 50.05, 49.254%439.55, 33.17, 31.82, 29.70, 27.21, 26.40,
24.22, 23.20, 22.70, 16.44, 16.25, 14.05, 7.53.NtR{m/z) (ESI): calcd for GHs¢CINsO,0P
[M+H]": 980.3766; found: 980.3738. Purity: 97.28% (by I@PLiz= 7.396 min.

Compound3d. 56 mg, yield: 76.7%H NMR (600 MHz, CDC}) & 8.53 (d,J = 9.1 Hz, 1H),
8.16 (s, 1H), 7.91 () = 15.9 Hz, 1H), 7.69 — 7.67 (m, 2H), 7.60 — 7.56 BH), 7.41 (d,) = 8.3
Hz, 1H), 7.31 (tJ = 8.5 Hz, 2H), 6.82 — 6.79 (m, 2H), 5.93 Jd; 17.0 Hz, 1H), 5.69 (d] = 16.9
Hz, 1H), 5.51 (dJ) = 6.6 Hz, 2H), 5.10 — 5.08 (m, 1H), 5.00 — 4.93 {iH), 4.86 — 4.77 (m, 2H),
4.43 — 4.33 (m, 2H), 4.28 — 4.21 (m, 1H), 4.08604m, 1H), 3.98— 3.93 (m, 2H), 3.66— 3.54 (s,
1H), 3.46 — 3.43 (m, 5H), 3.29 — 3.25 (m, 2H), @A) = 7.3 Hz, 1H), 2.60 — 2.54 (m, 2H), 2.45
—2.41 (m, 5H), 2.28 — 2.18 (m, 2H), 1.97 (s, 2HR9 (t,J = 7.2 Hz, 3H), 1.57 — 1.54 (m, 3H),
1.46 — 1.41 (m, 3H), 1.23 (8 = 9.3 Hz, 3H):®C NMR (150 MHz, CDG)) § 171.17, 167.51,
157.31, 152.89, 151.62, 150.07, 147.17, 146.75,7B49.45.40, 145.21, 145.12, 135.00, 131.66,
130.24, 129.46, 127.49, 127.16, 125.76, 122.74,8P21120.02, 114.75, 114.07, 95.85, 76.05,
67.10, 63.46, 63.40, 63.36, 56.01, 55.02, 53.5M%HA9.25, 43.44, 43.05, 39.52, 31.77, 29.68,
26.61, 25.78, 23.18, 23.07, 22.60, 16.43, 16.2505147.53. HR-MS (m/z) (ESI): calcd for
CsHsgBrNsO1P [M+H]": 1024.3261; found: 1024.3236. Purity: 99.09% (LK), &= 7.386
min.

CompoundBe. 44 mg, yield: 63.8%H NMR (600 MHz, CDC)) § 8.22 (d,J = 13.0 Hz, 1H),
7.84 (s, 1H), 7.58 (d] = 9.0 Hz, 1H), 7.30 — 7.28 (m, 2H), 7.08 Jd&s 5.8 Hz, 1H), 6.99 — 6.96
(m, 2H), 6.78 (dJ = 7.8 Hz, 2H), 6.51 — 6.49 (m, 2H), 5.60 Jd; 17.2 Hz, 1H), 5.36 (dl = 17.2
Hz, 1H), 5.19 (dJ) = 2.6 Hz, 2H), 4.74 — 4.61 (m, 2H), 4.58 — 4.45 PiH), 4.10 — 4.00 (m, 2H),

3.92 — 3.85 (m, 1H), 3.72 (s, 3H), 3.65 — 3.58 3i), 3.21 — 2.92 (m, 8H), 2.43 (@= 9.4 Hz,



1H), 2.29 — 2.22 (m, 2H), 2.13 — 2.08 (m, 5H), 1-95.80 (m, 2H), 1.71 — 1.57 (m, 2H), 1.37J({t,

= 7.6 Hz, 3H), 1.24 — 1.20 (m, 3H), 1.11 — 1.06 8id), 0.93 — 0.88 (M, 3H}*C NMR (150 MHz,
CDCly) 6 171.25, 167.52, 159.23, 157.31, 152.90, 151.6@,085 147.17, 146.72, 145.76, 145.53,
145.40, 131.75, 130.15, 128.94, 128.90, 127.48,1827125.77, 122.32, 120.09, 114.75, 114.03,
95.92, 76.01, 67.11, 63.44, 63.32, 63.27, 55.7@F%%H4.75, 50.02, 49.25, 43.45, 43.06, 39.55,
31.80, 29.69, 26.62, 25.76, 23.18, 23.09, 22.65451616.26, 14.06, 7.53. HR-MS (m/z) (ESI):
calcd for GaHgNsO1P [M+H]" : 976.4262; found: 976.4224. Purity: 98.49% (by 1@PLix =
9.233 min.

Compoundsf. 39 mg, yield: 57.4%H NMR (600 MHz, CDCJ) & 8.21 (d,J = 9.1 Hz, 1H),
7.83 (d,J = 2.4 Hz, 1H), 7.60 (d] = 9.1 Hz, 1H), 7.30 — 7.23 (m, 2H), 7.10 Jds 5.8 Hz, 1H),
7.06 — 7.04 (m, 2H), 6.98 — 6.95 (m, 2H), 6.51496m, 2H), 5.60 (d) = 17.0 Hz, 1H), 5.37 (d,
J=17.2 Hz, 1H), 5.20 (dl = 8.9 Hz, 2H), 4.76 — 4.73 (m, 1H), 4.68 — 4.61 {id), 4.47 (dJ =
12.6 Hz, 1H), 4.37 (d] = 12.5 Hz, 1H), 4.11 — 4.00 (m, 2H), 3.93 — 3.85(id), 3.67 — 3.58 (m,
3H), 3.15 — 3.11 (m, 1H), 3.09 — 3.05 (m, 1H), 2-92.86 (m, 1H), 2.81 — 2.59 (m, 5H), 2.29 —
2.27 (m, 1H), 2.25 (s, 3H), 2.14 — 2.10 (m, 2HP2(d,J = 9.7 Hz, 1H), 1.74 — 1.62 (m, 6H),
1.56 — 1.46 (m, 2H), 1.37 @,= 7.6 Hz, 3H), 1.24 — 1.2 (m, 3H), 1.09 — 1.06 8i), 0.92 — 0.88
(m, 3H)."*C NMR (150 MHz, CDGJ) § 171.24, 167.52, 157.33, 153.07, 150.34, 147.18,714
145.68, 145.52, 145.30, 137.59, 132.48, 131.66,1530.29.29, 127.66, 127.52, 127.08, 125.96,
122.31, 120.14, 114.63, 114.07, 95.91, 75.98, 663330, 63.25, 63.22, 62.59, 56.17, 55.16,
50.18, 49.25, 44.19, 43.85, 39.54, 31.85, 29.7B4727.10, 25.38, 24.11, 23.18, 16.45, 16.23,
14.04 (s), 7.52 (s). HR-MS (m/z) (ESI): calcd fogsds,NsO.0P [M+H]" : 960.4313; found:
960.4284. Purity: 98.53% (by HPLCp,2 9.220 min.

CompoundBg. 41 mg, yield: 60.3%H NMR (400 MHz, CDC}) 6 8.20 (d,J = 9.2 Hz, 1H),
7.83 (d,J = 1.9 Hz, 1H), 7.57 (d] = 8.7 Hz, 1H), 7.22 — 7.14 (m, ,2H), 7.12 — 7.65 2H), 7.00
—6.97 (m, 2H), 6.91 — 6.85 (m, 1H), 6.494d 6.9 Hz, 2H), 5.59 (d] = 17.1 Hz, 1H), 5.35 (dl
=17.2 Hz, 1H), 5.18 (d} = 2.4 Hz, 2H), 4.79 — 4.75 (m, 1H), 4.71 — 4.61 {iH), 4.54 — 4.45 (m,
2H), 4.10 — 4.01 (m, 2H), 3.96 — 3.88 (m, 1H), 3-78.68 (m, 1H), 3.67 — 3.59 (m, 2H), 3.29 —
3.23 (m, 1H), 3.14 — 3.09 (m, 5H), 2.95 — 2.90 2#), 2.45 (dJ = 8.8 Hz, 1H), 2.28 — 2.21 (m,
2H), 2.13 — 1.86 (m, 7H), 1.75 — 1.54 (m, 2H), 1(88 = 7.6 Hz, 3H), 1.23 — 1.20 (m, 3H), 1.11

— 1.07 (m, 3H), 0.92 — 0.87 (m, 3HJC NMR (150 MHz, CDGJ) § 171.22, 167.52, 163.68,



162.07, 157.31, 152.89, 151.60, 150.02, 147.15,7B4@45.75, 145.42, 145.24, 145.14, 138.66,
131.69, 130.24, 130.09, 127.48, 127.14, 125.76,502322.68, 120.02, 114.99, 114.77, 114.59,
113.99, 95.91, 76.05, 67.10, 63.51, 63.44, 63.80,% 55.12, 50.03, 49.26, 43.39, 43.00, 39.54,
31.78, 29.69, 26.53, 25.66, 23.17, 22.93, 22.53411616.20, 14.05, 7.53. HR-MS (m/z) (ESI):
calcd for GHsoFNsO1P [M+H]": 964.4062; found: 964.4030. Purity: 98.56% (by KLtz =
8.000 min.

CompoundBh. 47 mg, yield: 69.5%H NMR (400 MHz, CDC}) § 8.20 (d,J = 9.2 Hz, 1H),
7.83 (d,J = 2.1 Hz, 1H), 7.57 (d] = 8.9 Hz, 1H), 7.33 — 7.28 (d,= 16.5, 5.3 Hz, 2H), 7.21 —
7.18 (m, 2H), 7.07 (d] = 4.5 Hz, 1H), 7.00 — 6.96 (m, 2H), 6.49 — 6.46 @), 5.59 (dJ = 17.1
Hz, 1H), 5.35 (dJ = 17.2 Hz, 1H), 5.18 (d} = 2.8 Hz, 2H), 4.76 — 4.72 (m, 1H), 4.69 — 4.59 (m
1H), 4.54 — 4.44 (m, 2H), 4.08 — 4.00 (m, 2H), 3:98.87 (m, 1H), 3.77 — 3.69 (m, 1H), 3.64 —
3.59 (m, 2H), 3.25 — 3.20 (m, 1H), 3.13 — 3.09 HiH), 2.96 — 2.86 (m, 2H), 2.43 (@~ 7.6 Hz,
1H), 2.28 — 2.19 (m, 2H), 2.14 — 2.07 (m, 7H), 1=72.53 (m, 2H), 1.36 (] = 7.4 Hz, 3H), 1.24
—1.20 (m, 3H), 1.12— 1.08 (m, 3H), 0.91 — 0.85 8id). °C NMR (150 MHz, CDG)) 5 171.19,
167.50, 157.31, 152.89, 151.61, 150.04, 147.16,7148.45.75, 145.42, 145.21, 145.11, 134.40,
133.63, 131.70, 130.24, 129.11, 128.73, 127.49,1427125.76, 122.70, 120.03, 114.76, 114.05,
95.89, 76.05, 67.10, 63.46, 63.40, 63.36, 55.99%40.03, 49.25, 43.33, 43.05, 39.55, 31.78,
29.69, 26.60, 25.75, 23.18, 23.05, 22.62, 16.4325,6.4.06, 7.53. HR-MS (m/z) (ESI): calcd for
CszHs9CINsO; 0P [M+H]" : 980.3766; found: 980.3740. Purity: 96.91% (by Pz = 8.832 min.

CompoundBi. 52 mg, yield: 74.3%H NMR (400 MHz, CDC}) & 8.21 (d,J = 9.2 Hz, 1H),
7.84 (d,J = 2.4 Hz, 1H), 7.62 — 7.57 (m, 1H), 7.56 — 7.5Q {iH), 7.41 — 7.30 (m, 2H), 7.19 —
7.09 (m, 2H), 7.02 — 6.98 (m, 2H), 6.50 — 6.47 2H), 5.61 (d,J = 17.2 Hz, 1H), 5.37 (d] =
17.2 Hz, 1H), 5.20 (d] = 4.2 Hz, 2H), 4.77 — 4.71 (m, 1H), 4.68 — 4.60 {id), 4.48 (d]) = 12.4
Hz, 1H), 4.39 (dJ = 12.9 Hz, 1H), 4.12 — 4.03 (m, 2H), 3.97 — 3.80 {H), 3.76 — 3.60 (m, 3H),
3.15 - 3.05 (m, 3H), 2.94 — 2.74 (m, 5H), 2.30202Zm, 1H), 2.14 — 2.01 (m, 3H), 1.93 - 1.78 (m,
6H), 1.65 — 1.53 (m, 2H), 1.38 &= 7.7 Hz, 3H), 1.27 — 1.22 (m, 3H), 1.13 — 1.09 &), 0.93
- 0.89 (m, 3H)C NMR (150 MHz, CDGJ) 5 171.19, 167.50, 157.33, 153.05, 151.53, 150.31,
147.14, 146.75, 145.70, 145.33, 145.15, 145.10,413831.60, 131.07, 130.73, 130.28, 130.14,
127.53, 127.08, 126.35, 125.95, 122.76, 122.66,1820114.66, 113.99, 95.89, 76.03, 67.15,

63.52, 63.48, 63.43, 62.70, 56.10, 55.11, 50.12HHN4.12, 43.77, 39.52, 31.84, 29.70, 27.74,



26.98, 25.17, 23.97, 23.19, 16.42, 16.20, 14.063.7HR-MS (m/z) (ESI): calcd for
Cs2HsaBrNsO1P [M+H]": 1024.3261; found: 1024.3223. Purity: 96.08% (L&), &= 9.972
min.

Compoundsj. 40 mg, yield: 57.8%H NMR (400 MHz, CDCJ) & 8.24 (d,J = 9.2 Hz, 1H),
7.85 (d,J = 2.1 Hz, 1H), 7.64 — 7.61 (m, 1H), 7.18Jt 7.8 Hz, 1H), 7.11 (d] = 3.1 Hz, 1H),
7.01 - 6.96 (M, 4H), 6.82 — 6.74 (m, 1H), 6.54526m, 2H), 5.62 (dJ = 17.2 Hz, 1H), 5.38 (d,
J=17.2 Hz, 1H), 5.22 (d] = 3.4 Hz, 2H), 4.79 — 4.75 (m, 1H), 4.71 — 4.62 Uid), 4.49 (d,J =
12.5 Hz, 1H), 4.40 (d] = 12.0 Hz, 1H), 4.13 — 4.04 (m, 2H), 3.94 — 3.89 {H), 3.74 (s, 3H),
3.71 - 3.60 (m, 3H), 3.18 — 3.06 (M, 3H), 2.9576Qm, 5H), 2.30 — 2.24 (m, 1H), 2.16 — 2.05 (m,
3H), 1.92 — 1.70 (m, 6H), 1.60 — 1.48 (m, 2H), 1(89 = 7.5 Hz, 3H), 1.29 — 1.23 (m, 3H), 1.12
- 1.08 (m, 3H), 0.95 — 0.91 (m, 3HYC NMR (150 MHz, CDG)) 5 171.24, 167.53, 159.73,
157.33, 153.05, 151.52, 150.30, 147.13, 146.75,7B4345.51, 145.42, 145.33, 131.66, 130.18,
129.54, 127.52, 127.09, 125.94, 122.42, 120.18,6414114.03, 113.49, 113.31, 95.90, 76.00,
67.14, 63.40, 63.33, 63.29, 56.53, 55.53, 55.211&§(19.25, 44.09, 43.74, 39.53, 31.83, 29.70,
27.70, 26.95, 25.11, 23.92, 23.18, 16.44, 16.2204147.52. HR-MS (m/z) (ESI): calcd for
CsaHeaNsO1P [M+H]":976.4262; found: 976.4249. Purity: 95.98% (by HPLig= 9.993 min.

Compoundda. 46 mg, yield: 66.7%H NMR (600 MHz, CDC}) 5 8.16 (d,J = 8.8 Hz, 1H),
7.82 (d,J = 1.9 Hz, 1H), 7.58 — 7.56 (m, 1H), 7.43Jd; 7.1 Hz, 2H), 7.30 — 7.28 (m, 2H), 7.24 —
7.20 (m, 1H), 7.14 (s, 1H), 6.90 @5 8.2 Hz, 2H), 6.49 (d] = 8.2 Hz, 2H), 5.65 (d] = 17.0 Hz,
1H), 5.39 (d,J = 17.0 Hz, 1H), 5.22 (dl = 4.6 Hz, 2H), 4.74 — 4.68 (m, 2H), 4.48 & 12.7 Hz,
1H), 4.38 (d,J = 12.7 Hz, 1H), 4.12 — 4.04 (m, 2H), 3.94 — 3.88 (H), 3.68 — 3.63 (m, 1H),
3.15 — 3.05 (M, 3H), 2.92 — 2.74 (m, 5H), 2.48)( 10.3 Hz, 2H), 2.45 — 2.36 (m, 2H), 2.26 —
2.19 (m, 1H), 2.12 — 2.04 (m, 3H), 1.87 — 1.82 2i), 1.78 — 1.68 (m, 6H), 1.57 — 1.47 (m, 2H),
1.37 (t,J = 7.7 Hz, 3H), 1.26 — 1.24 (m, 3H), 1.09J& 7.0 Hz, 3H), 0.93 (1] = 7.4 Hz, 3H)*C
NMR (150 MHz, CDC{) 6 172.56, 167.64, 157.38, 153.04, 151.51, 150.29,1P4 146.75,
146.03, 145.37, 144.51, 144.41, 135.92, 131.59,0031129.23, 128.58, 127.85, 127.53, 127.11,
125.88, 120.01, 114.63, 113.95, 95.91, 75.69, 66313, 63.30, 63.25, 62.66, 56.69, 55.69,
50.12, 49.28, 44.11, 43.75, 33.84, 32.97, 31.8/@P7.67, 26.91, 26.34, 25.07, 23.92, 23.18,
16.46, 16.22, 14.03, 7.59. HR-MS (m/z) (ESI): cdtwdCsHgNsO1P [M+H]" : 974.4469; found:

974.4432. Purity: 97.87% (by HPLC}2 10.167 min.



Compoundb. 51 mg, yield: 72.8%H NMR (400 MHz, CQCl,) § 8.16 (d,J = 9.0 Hz, 1H),
7.83 (d,J = 1.1 Hz, 1H), 7.57 (d] = 8.7 Hz, 1H), 7.49 — 7.36 (m, 2H), 7.14 (s, 1AHP2 — 6.99
(m, 2H), 6.91 (d,) = 7.6 Hz, 2H), 6.47 (d] = 7.9 Hz, 2H), 5.65 (d] = 17.2 Hz, 1H), 5.39 (d] =
17.2 Hz, 1H), 5.25 (d] = 4.6 Hz, 2H), 4.78 — 4.69 (m, 2H), 4.48 J&; 12.6 Hz, 1H), 4.40 (d} =
12.0 Hz, 1H), 4.14 — 4.03 (m, 2H), 3.98 — 3.91 {H), 3.76 — 3.70 (m, 1H), 3.16 — 3.05 (m, 3H),
2.93 - 2.79 (m, 5H), 2.50 @,= 7.3 Hz, 2H), 2.45 — 2.34 (m, 2H), 2.29 — 2.22 {H), 2.17- 2.07
(m, 3H), 1.94 — 1.73 (m, 8H), 1.60 — 1.48 (m, 2HR7 (t,J = 7.4 Hz, 3H), 1.27 — 1.24 (m, 3H),
1.12 (t,J = 7.0 Hz, 3H), 0.94 () = 7.3 Hz, 3H)*C NMR (150 MHz, CDGJ) § 172.54, 167.64,
163.21, 161.57, 157.37, 153.01, 151.54, 150.25,184246.74, 146.02, 145.39, 144.30, 144.20,
131.72, 131.58, 131.21, 129.42, 129.28, 129.23,5827127.12, 125.85, 120.02, 115.63, 115.48,
114.64, 113.94, 95.89, 75.71, 67.10, 63.43, 63B2%8, 56.00, 55.03, 49.99, 49.28, 44.40, 43.65,
34.48, 33.82, 32.95, 31.81, 29.70, 27.43, 26.68B464.67, 23.71, 23.19, 16.47, 16.27, 14.04,
7.59. HR-MS (m/z) (ESI): calcd fors@HesFNsO10P [M+H]": 992.4375; found: 992.4346. Purity:
96.05% (by HPLC),#= 8.855 min.

Compounddc. 48 mg, yield: 67.6%H NMR (600 MHz, CDCJ) § 8.16 (d,J = 10.9 Hz, 1H),
7.87 (d,J = 3.4 Hz, 1H), 7.58 — 7.55 (m, 1H), 7.37 Jd; 7.5 Hz, 2H), 7.31 - 7.28 (m, 2H), 7.14
(s, 1H), 7.03 — 6.81 (m, 2H), 6.91 — 6.89 (m, 25p5 (d,J = 17.0 Hz, 1H), 5.39 (dl = 17.0 Hz,
1H), 5.21 (dJ = 4.7 Hz, 2H), 4.70 — 4.65 (m, 2H), 4.48 Jd; 11.8 Hz, 1H), 4.39 (d] = 12.1 Hz,
1H), 4.12 — 4.04 (m, 2H), 3.98 — 3.92 (m, 1H), 3-73.72 (m, 1H), 3.15 — 3.06 (m, 3H), 2.92 —
2.77 (m, 5H), 2.50 — 2.48 (m, 2H), 2.45 — 2.38 2#), 2.26 — 2.22 (m, 1H), 2.18 — 2.06 (m, 3H),
1.91 — 1.80 (m, 8H), 1.59 — 1.47 (m, 2H), 1.30 &,7.4 Hz, 3H), 1.26 — 1.23 (m, 3H), 1.13Xt
7.0 Hz, 3H), 0.93 (tJ = 7.4 Hz, 3H).**C NMR (150 MHz, CDCJ) 5 172.54, 167.65, 157.37,
153.03, 151.52, 150.27, 147.13, 146.75, 146.02,3%4344.22, 144.12, 134.66, 133.63, 131.57,
131.30, 129.30, 129.16, 128.76, 127.54, 127.12,8¥258.20.01, 114.64, 113.94, 95.89, 75.71,
67.10, 63.49, 63.33, 62.73, 56.15, 55.15, 50.1328}313.06, 43.70, 33.81, 32.93, 31.80, 29.70,
27.60, 26.83, 26.33, 24.94, 23.83, 23.19, 16.428,6.4.03, 7.59. HR-MS (m/z) (ESI): calcd for
CsHesCINsO1P [M+H]": 1008.4079; found: 1008.4038. Purity: 95.36% (LK), k= 7.826
min.

Compounddd. 53 mg, yield: 71.0%H NMR (600 MHz, CDC}) § 8.14 (d,J = 9.7 Hz, 1H),

7.79 (d,J = 3.4 Hz, 1H), 7.58 — 7.56 (m, 1H), 7.43 — 7.41 @), 7.31 (dJ = 7.1 Hz, 2H), 7.14



(s, 1H), 6.90 (dJ = 6.4 Hz, 2H), 6.45 (d] = 7.9 Hz, 2H), 5.65 (d] = 17.0 Hz, 1H), 5.38 (dl =
17.0 Hz, 1H), 5.21 (d] = 4.1 Hz, 2H), 4.75 — 4.63 (m, 2H), 4.49 J& 11.7 Hz, 1H), 4.39 (Al =
11.9 Hz, 1H), 4.11 — 4.06 (m, 2H), 3.89 — 3.94 1), 3.78 — 3.74 (m, 1H), 3.13 — 3.06 (m, 3H),
2.96 — 2.80 (m, 5H), 2.50 — 2.48 (m, 2H), 2.43362m, 2H), 2.25 — 2.17 (m, 2H), 2.12 — 2.09 (m,
2H), 1.98 — 1.71 (m, 8H), 1.60 — 1.46 (m, 2H), (82 = 7.6 Hz, 3H), 1.26 — 1.24 (m, 3H), 1.14
(t, J = 6.8 Hz, 3H), 0.93 (tJ = 7.3 Hz, 3H)."*C NMR (151 MHz, CDG)) § 172.54, 167.65,
157.37, 153.02, 151.53, 150.24, 147.13, 146.74,0B48.45.40, 144.20, 144.10, 135.21, 131.69,
131.57, 131.31, 129.51, 129.30, 127.54, 127.12,8628.21.78, 120.01, 114.66, 113.94, 95.90,
75.71, 67.10, 63.51, 63.35, 62.81, 56.22, 55.221%019.28, 43.99, 43.63, 33.81, 32.93, 31.80,
29.70, 27.49, 26.71, 26.33, 24.72, 23.70, 23.19461616.28, 14.04, 7.60. HR-MS (m/z) (ESI):
calcd for GsHgsBrNsO1oP [M+H]": 1052.3574; found: 1052.3546. Purity: 95.65% (BLE), &
=10.542 min.

Compounde. 49 mg, yield: 69.0%H NMR (400 MHz, CDC}) 6 8.17 (d,J = 6.4 Hz, 1H),
7.83 (d,J = 1.8 Hz, 1H), 7.59 — 7.57 (m, 1H), 7.34 {ds 6.6 Hz, 2H), 7.14 (s, 1H), 6.90 @=
8.2 Hz, 2H), 6.83 (d) = 6.8 Hz, 2H), 6.49 (d] = 8.2 Hz, 2H), 5.65 (d] = 17.1 Hz, 1H), 5.39 (d,
J=17.1 Hz, 1H), 5.22 (d} = 4.7 Hz, 2H), 4.74 — 4.58 (m, 2H), 4.47 Jd; 12.1 Hz, 1H), 4.38 (d,
J=11.8 Hz, 1H), 4.15 — 4.03 (m, 2H), 3.93 — 3.877 {H), 3.74 (s, 3H), 3.69 — 3.63 (m, 1H), 3.14
—3.04 (m, 3H), 2.93 — 2.73 (m, 5H), 2.49)(t 7.1 Hz, 2H), 2.43 — 2.36 (M, 2H), 2.27 — 2.22 (m
2H), 2.14 — 2.03 (m, 2H), 1.87 — 1.77 (m, 8H), 1-61.46 (m, 2H), 1.37 (] = 7.5 Hz, 3H), 1.27
—1.24 (m, 3H), 1.11 (1] = 7.0 Hz, 3H), 0.94 () = 7.3 Hz, 3H).*C NMR (150 MHz, CDG)) &
172.56, 167.64, 159.21, 157.37, 153.04, 151.50,305047.12, 146.75, 146.03, 145.37, 144.55,
144.45, 131.57, 130.94, 129.21, 128.92, 127.70,5B27127.10, 125.89, 119.97, 114.62, 113.98,
95.90, 75.69, 67.09, 63.26, 63.22, 62.62, 55.9725%4.97, 50.11, 49.28, 44.11, 43.76, 33.84,
32.96, 31.80, 29.69, 27.68, 26.94, 26.33, 25.19533.18, 16.48, 16.29, 14.03, 7.59. HR-MS
(m/z) (ESI): calcd for GHegNsOP [M+H]": 1004.4575; found:1004.4547. Purity: 97.65% (by
HPLC), &= 8.005 min.

Compounddf. 46 mg, yield: 65.7%H NMR (400 MHz, CDCJ) § 8.17 (d,J = 9.1 Hz, 1H),
7.83 (d,J = 2.4 Hz, 1H), 7.60 — 7.56 (m, 1H), 7.32 — 7.30Q 2H), 7.14 (s, 1H), 7.11 — 7.09 (m,
2H), 6.90 (dJ = 8.3 Hz, 2H), 6.49 (d] = 8.4 Hz, 2H), 5.66 (d] = 17.2 Hz, 1H), 5.39 (dl = 17.2

Hz, 1H), 5.22 (dJ = 4.7 Hz, 2H), 4.72 — 4.63 (m, 2H), 4.48 Jd; 12.8 Hz, 1H), 4.39 (d = 11.7



Hz, 1H), 4.13 — 4.03 (m, 2H), 3.97 — 3.87 (m, 1B{},3 — 3.63 (m, 1H), 3.16 — 3.05 (m, 3H), 2.94
—2.74 (m, 5H), 2.49 (1 = 7.1 Hz, 2H), 2.45 — 2.34 (m, 2H), 2.28 (s, 3Bip2 — 2.01 (M, 4H),
1.87 — 1.83 (m, 2H), 1.78 — 1.72 (m, 6H), 1.57 474(m, 2H), 1.38 (tJ = 7.4 Hz, 3H), 1.26 —
1.24 (m, 3H), 1.11 () = 7.1 Hz, 3H), 0.94 (t) = 7.5 Hz, 3H).”*C NMR (100 MHz, CDG)) &
172.30, 167.37, 157.15, 152.81, 151.31, 150.09,9B4646.53, 145.81, 145.11, 144.41, 144.27,
137.31, 132.57, 131.39, 130.71, 129.07, 128.98,5127227.31, 126.88, 125.61, 119.80, 114.37,
113.75, 95.64, 75.47, 66.87, 63.02, 62.95, 62.846 54.95, 49.94, 49.03, 43.88, 43.54, 33.62,
32.75, 31.59, 29.45, 27.50, 26.73, 26.09, 24.90/32.93, 20.90, 16.23, 16.02, 13.77, 7.34.
HR-MS (m/z) (ESI): calcd for §HegNsO10P [M+H]": 988.4625; found: 988.4600. Purity: 98.42%
(by HPLC), k= 9.271 min.

Compounddg. 54 mg, yield: 77.1%H NMR (600 MHz, CDC}) 5 8.18 (d,J = 8.1 Hz, 1H),
7.85 (d,J = 2.2 Hz, 1H), 7.61 — 7.58 (m, 1H), 7.31 — 7.27 {H), 7.25 — 7.17 (m, 2H), 7.17 (s,
1H), 6.94 — 6.90 (m, 3H), 6.51— 6.49 (m, 2H), 56,7 = 17.0 Hz, 1H), 5.41 (dl = 17.0 Hz, 1H),
5.24 (d,J=4.1 Hz, 2H), 4.76 — 4.69 (m, 2H), 4.51 Jd; 12.5 Hz, 1H), 4.42 (dl = 12.4 Hz, 1H),
4.15 - 4.07 (m, 2H), 4.00 — 3.95 (m, 1H), 3.807443m, 1H), 3.17 — 3.08 (m, 3H), 2.96 — 2.81 (m,
5H), 2.52 (tJ = 7.3 Hz, 2H), 2.47 — 2.39 (m, 2H), 2.28 — 2.08 4id), 1.90 — 1.72 (m, 8H), 1.61
—1.51 (m, 2H), 1.39 (] = 7.9 Hz, 3H), 1.29 — 1.27 (m, 3H), 1.15J& 7.0 Hz, 3H), 0.96 (] =
7.3 Hz, 3H)."*C NMR (150 MHz, CDG)) 5 172.53, 167.63, 163.75, 162.10, 157.36, 153.01,
151.50, 150.25, 147.11, 146.72, 146.02, 145.38,284444.15, 138.90, 131.57, 131.29, 130.08,
129.28, 127.52, 127.10, 125.85, 123.52, 119.98,9514114.80, 114.63, 113.89, 95.90, 75.69,
67.08, 63.58, 63.37, 62.66, 56.37, 55.37, 50.0274%4.01, 43.66, 33.82, 32.95, 31.79, 29.68,
27.48, 26.69, 26.32, 24.76, 23.74, 23.17, 16.422168.4.02, 7.58. HR-MS (m/z) (ESI): calcd for
Cs4HgsFNsO1 P [M+H]": 992.4375; found: 992.4344. Purity: 95.74% (by 1Pz = 9.434 min.

Compounddh. 47 mg, yield: 65.7%H NMR (600 MHz, CDC}) & 8.16 (d,J = 8.6 Hz, 1H),
7.85 (d,J = 2.2 Hz, 1H), 7.59 — 7.57 (m, 1H), 7.43 (s, 1ARB3 (d,J = 7.0 Hz, 1H), 7.24 — 7.20
(m, 2H), 7.14 (s, 1H), 6.91 (d,= 7.5 Hz, 2H), 6.47 (d] = 8.1 Hz, 2H), 5.65 (d] = 17.0 Hz, 1H),
5.39 (d,J = 17.0 Hz, 1H), 5.22 (dl = 4.1 Hz, 2H), 4.71 — 4.64 (m, 2H), 4.47 & 12.5 Hz, 1H),
4.37 (d,J = 12.5 Hz, 1H), 4.13 — 4.05 (m, 2H), 3.99 — 3.8% (H), 3.78- 3.72 (m, 1H), 3.15 —
3.05 (m, 3H), 2.92 — 2.71 (m, 5H), 2.50Jt 7.4 Hz, 2H), 2.45 — 2.47 (m, 2H), 2.26 — 2.02 (m

4H), 1.88 — 1.83 (m, 2H), 1.75 — 1.61 (m, 6H), 1-57.46 (m, 2H), 1.37 (f] = 7.6 Hz, 3H), 1.26



—1.24 (m, 3H), 1.13 (f] = 7.0 Hz, 3H), 0.94 () = 7.3 Hz, 3H)*C NMR (150 MHz, CDG)) &
172.52, 167.63, 157.35, 153.04, 151.48, 150.30,104746.73, 145.99, 145.35, 144.19, 144.09,
138.39, 134.45, 131.55, 131.31, 129.83, 129.30,102827.90, 127.08, 125.97, 125.88, 119.99,
114.61, 113.87, 95.88, 75.69, 67.09, 63.49, 653%2, 56.34, 55.35, 50.16, 49.26, 44.14, 43.80,
33.81, 32.94, 31.79, 29.68, 27.78, 27.03, 26.3127254.03, 23.16, 16.43, 16.20, 14.01, 7.58.
HR-MS (m/z) (ESI): calcd for §Hg:CINsO1P [M+H]": 1008.4079; found: 1008.4048. Purity:
97.63% (by HPLC),#= 9.835 min.

Compounddi. 55 mg, yield: 73.7%H NMR (600 MHz, CDC}) & 8.16 (d,J = 9.1 Hz, 1H),
7.81 (d,J = 2.2 Hz, 1H), 7.57 (d] = 10.0 Hz, 2H), 7.37 — 7.32 (m, 2H), 7.18 — 7.46 {H), 7.14
(s, 1H), 6.91 (dJ = 7.2 Hz, 2H), 6.47 — 6.45 (m, 2H), 5.65 Jd; 17.0 Hz, 1H), 5.38 (d = 17.0
Hz, 1H), 5.21 (dJ = 3.5 Hz, 2H), 4.71 — 4.63 (m, 2H), 4.50 J¢& 12.5 Hz, 1H), 4.41 (dl = 12.3
Hz, 1H), 4.12 — 4.05 (m, 2H), 3.97 — 3.92 (m, 1B{}8 — 3.70 (m, 1H), 3.14 — 3.07 (m, 3H), 2.96
—2.88 (M, 5H), 2.49 (] = 7.4 Hz, 2H), 2.45 — 2.36 (m, 2H), 2.29 — 2.19 2id), 2.14 — 2.09 (m,
2H), 1.86 — 1.74 (m, 8H), 1.62 — 1.50 (m, 2H), 1(B8 = 7.6 Hz, 3H), 1.26 — 1.24 (m, 3H), 1.13
(t, J = 6.9 Hz, 3H), 0.93 (tJ = 7.4 Hz, 3H).**C NMR (150 MHz, CDGJ)) § 172.54, 167.64,
157.38, 153.05, 151.56, 150.21, 147.16, 146.76,0846.45.41, 144.23, 144.13, 138.71, 131.62,
131.35, 131.01, 130.79, 130.15, 129.32, 127.54,142726.44, 125.82, 122.66, 120.00, 114.68,
113.91, 95.90, 75.72, 67.10, 63.52, 63.43, 62.88% 55.34, 50.09, 49.28, 43.85, 43.49, 33.84,
32.98, 31.80, 29.69, 27.25, 26.47, 26.34, 24.2741223.18, 16.44, 16.22, 14.03, 7.59. HR-MS
(m/z) (ESI): calcd for €@HeaBrNsO;P [M+H]": 1052.3574; found: 1052.3536. Purity: 98.96%
(by HPLC), k= 8.274 min.

Compounddj. 43 mg, yield: 60.5%H NMR (600 MHz, CDCJ) & 8.17 (d,J = 8.8 Hz, 1H),
7.83 (d,J = 2.3 Hz, 1H), 7.60 — 7.57 (m, 1H), 7.23 — 7.21 {iH), 7.15 (s, 1H), 7.03 — 6.99 (m,
2H), 6.91 (d,J = 8.3 Hz, 2H), 6.78 (d] = 6.80 Hz, 1H), 6.50 (d} = 8.2 Hz, 2H), 5.66 (d] = 17.0
Hz, 1H), 5.39 (dJ = 17.0 Hz, 1H), 5.23 (d} = 4.8 Hz, 2H), 4.70 — 4.65 (m, 2H), 4.47 J&; 12.8
Hz, 1H), 4.38 (dJ = 12.3 Hz, 1H), 4.15 — 4.05 (m, 2H), 3.95 — 3.81 {H), 3.70 (s, 3H), 3.70 —
3.61 (m, 1H), 3.16 — 3.05 (m, 3H), 2.92 — 2.70 i), 2.49 (tJ = 7.1 Hz, 2H), 2.46 — 2.37 (m,
2H), 2.27 — 2.02 (m, 4H), 1.89 — 1.85 (m, 2H), 1-81.60 (m, 6H), 1.56 — 1.44 (m, 2H), 1.38](t,
= 7.7 Hz, 3H), 1.28 — 1.25 (m, 3H), 1.12Jt 7.0 Hz, 3H), 0.94 () = 7.5 Hz, 3H)*C NMR

(150 MHz, CDC}) s 172.54, 167.62, 159.73, 157.37, 153.05, 151.50,315 147.06, 146.73,



146.00, 145.33, 144.54, 144.44, 137.61, 131.58,0B31129.54, 129.22, 127.52, 127.08, 125.88,
120.20, 120.02, 114.59, 113.92, 113.46, 113.3B9Y5.68, 67.09, 63.31, 63.27, 62.59, 56.74,
55.74, 55.21, 50.17, 49.26, 44.19, 43.84, 33.896321.81, 29.69, 27.85, 27.09, 26.33, 25.39,
24.12, 23.17, 16.46, 16.24, 14.02, 7.58. HR-MS YrtESI): calcd for GsHgeNsO:P [M+H]" :
1004.4575; found:1004.4545. Purity: 98.01% (by HRL&= 8.853 min.

4.2. In vitro cytotoxicity.

In this study, all human cancer cell lines includia549 (lung), MCF-7 (breast), MG-63
(osteosarcoma), U20S (osteosarcoma), SK-OV-3 (@varand SK-OV-3/CDDP (cisplatin
resistance cells) cancer cell lines using MTT asgese purchased from the Shanghai Cell Bank
of the Chinese Academy of Sciences. Culture medRaoswell Park Memorial Institute
(RPMI-1640), phosphate buffered saline (PBS, pHj7fetal bovine serum (FBS), and
Antibiotice-Antimycotic came from KeyGen Biotech @pany (China). Cells were cultivate in
the supplemented with 10% FBS, 100 units/ml of gi#im and 100 g/ml of streptomycin in a
humidified atmosphere of 5% GQat 37 °C. Tested compounds were dissolved to stock
concentrations of 2 mM with DMSO (Sigma); the pesitdrug Ir was served as a positive control,
and the cytotoxicity of all target compounds agathe tested cancer cells was also investigated
using MTT assay. All data were independently teségebated in triplicate.

4.3 HPLC analyses on the stability of compound 9b.

The stability of compoun@b dissolved in PBS (pH 7.4) with or without 10% FBfamined
by analyzing concentration of 0.1 mg/mL, and then@a was stored at 37°C for 12 and 24 h,
separately. Reversed-phase HPLC was carried oat4do&250 mm ODS column. HPLC profiles
were recorded on UV detection at 254 nm. Mobilesphaonsisted of Methanol/Water (0.1%
TFA)/Water (50:50-100:0, v/v), and flow rate wa® inL/min. The samples were taken for HPLC
analysis after filtered by 0.4@m filter.

4.4, Topo | inhibitory activity.

Western blot analysis was performed as describestiqusly [45]. Firstly, the supercoiled
pBR322 DNA (TaKaRa, Kyoto, Japan) was measureeéfteat inhibition of the Topo | (TaKaRa,
Kyoto, Japan) catalytic ability by test compoudtn and the Ir was served as a positive drug.
Secondly, the reaction solution was prepared aowprdo the supplier’s instructions, and

incubated at 37C for 30 min. A dye solution containing 40% glyder@.25% xylene cyanol ff



and 0.25% bromophenol blue was added to end tleioraFinally, the mixtures were added to 1%
agarose gel and subjected to electrophoresis fonidOn 1 TAE buffer (40 mM Tris-acetate, 2
mM EDTA and 19.9 mM AcHO, respectively), and thee gels were stained with 200 mL 1 X
TAE buffer containing 5 mg/mL EB for 30 min, and sha&d for 20 min in 200 mL 1 TAE buffer.
Finally, Ethidium bromide stained agarose gel wast@graphed using Gel Doc XR (Bio-Rad).

4.5, Anti-tumor activity in vivo.

Thein vivo cytotoxic activity of9b was further investigated by human ovarian cells-(8/-3)
in BALB/c nude mice. Five-week-old female BALB/cdwimice were purchased from Shanghai
Ling Chang biotechnology company (China); tumorseniaduced by a subcutaneous injection in
their dorsal region of 1.0 xi@ells in 100 mL of sterile PBS. Animals were ramtpdivided into
four groups, and started on the second day. Whetuthors reached a volume of 100-150%m
all mice on day 18, the first group was injectethvan equivalent volume of 5% dextrose via a
tail vein as the vehicle control mice. No. 2 and Raroups were treated wigéh at doses of 10
mg/kg and 20 mg/kg once a week for three weekperdisely. No. 4 group was treated with Ir at
the dose of 20 mg/kg once a week for three weeklsteated compounds were dissolved in
vehicle. Tumor volume and body weight were recoreeery other day after drug treatment. We
collected and weighed the tumors and calculatednthibition rate of tumor growth (IRT) at the
end of treatment. All mice were sacrificed aftarethweeks of treatment and the tumor volumes
were measured with electronic digital calipers datermined by measuring length (A) and width
(B) to calculate volume (V = ABR).

4.6. H&E staining.

Tumor samples were shown in routine histopatjiodd examination using Hematoxylin and
Eosin (H&E) staining. Firstly, mouse organs inchgliiver, heart, lung, kidney and spleen were
collected in 4% paraformaldehyde for proper fixatand then embedded in paraffin using tissue
embedding machine. Secondly, sections were cutstaided with H&E, and then sections were
prepared orderly by dewaxing, stainingm and deliigita The sections were stained in
eosin-phloxine solution for 1 min after staining kharris hematoxylin solution, and then
dehydrated and mounted with neutral resin. Finaltig, tissue morphology was then imaged by
fluorescence microscopy.

4.7. Cell apoptosis assay.



Firstly, SK-OV-3 were gromn in each well of six-Wplates at the density of 5.0<Id&lls/mL
of the RPMI-1640 medium with 10% FBS to the finalume of 2 mL. Secondly, after cells
incubated for overnight, then cells treated v@th(5.0 or 10uM) and Ir (10 uM) for 24 h. After
24 h incubation, cells were collected, washed ¢hiic PBS, and re-suspended in 140 of
binding buffer at a final concentration of 0.5 ¥ t@lls/mL, and then cells were treated withl5
of annexin V-FITC and @l of Pl in the dark at 4 °C for 30 min, respectdtinally, the sample
was analyzed by flow cytometer.

4.8. Cell morphological assay.

Firstly, SK-OV-3 cells were grown in each well ak-svell plates at the density of 5.0%10
cells/mL of the RPMI-1640 medium with 10% FBS te tfnal volume of 2 mL. Secondly, cells
treated with9b (5.0 or 10puM) and Ir (10 pM) for 24 h. After 24 h treatment, the cells were
washed twice with ice-cold PBS, and incubated wiltein AM and PI for 30 min. Finally, cells
were visualized by fluorescence microscope afteubation of 30 min.

4.9. Cell wound-healing assay.

Firstly, SK-OV-3 cells were grown in 6-well platead allowed to grow te 95% confluent.
The wounds were created perpendicular to the lye20pul tips, and then unattached cells were
removed by washing with twice in ice-cold PBS. Seitg cells treated wit®b (5.0 or 10uM)
and Ir(10 uM) for 24 h. After 24 h incubation, the cells wavashed twice with ice-cold PBS, and
then photographed to mark the final scratched #raEinally, the migration rates analyzed by
Equation 1: Migration rate (%) = (d1-d2)/d1, and ¢l and 2epresented the width of wound at O
and 24 h, respectively.

4.10. Cell cycle assay.

Firstly, SK-OV-3 cells were grown in each well dk-svell plates at the density of 5x10
cells/mL of the RPMI-1640 medium with 10% FBS te tinal volume of 2 mL. Secondly, after
cells incubated for overnight, then cells treatathwb (5.0 or 10uM) and Ir (10 uM) for 24 h.
After 24 h incubation, cells were collected, washeide in PBS, fixed with ice-cold 70% ethanol
at -20 °C for overnight. The cells were treatechvifOnug /mL RNase A for 30 min at 37 °C after
washed twice in PBS. Finally, cells stained withaPIll mg/ml in the dark at 4 °C for 30 min
analyzed by flow cytometry.

4.11. Mitochondrial membrane potential (MMP) assay.



Firstly, SK-OV-3 cells were grown in each well dk-svell plates at the density of 5.0¥10
cells/mL of the RPMI-1640 medium with 10% FBS te final volume of 2 mL. Secondly, after
cells incubated for overnight, then cells treatathwb (5.0 or 10uM) and Ir (10 uM) for 24 h.
After 24 h incubation, cells were then stained WM JC-1 in the dark at room temperature for
30 min. Finally, cells were harvested at 2000 rpmd washed thrice in PBS analyzed by flow
cytometry after 30 min of incubation.

4.12. Reactive oxygen species (ROS) assay.

Firstly, SK-OV-3 cells were grown in each well ak-svell plates at the density of 5.0%10
cells/mL of the RPMI-1640 medium with 10% FBS te ttnal volume of 2 mL. Secondly, after
cells incubated for overnight, then cells treatéthwb (5.0 or 10uM) and Ir (10 uM) for 24 h.
After 24 h incubation, cells were then stained id@FH-DA in the dark at 37 °C for 30 minutes.
Finally, cells were harvested at 2000 rpm and weéshece in PBS analyzed by flow cytometry
after 30 min of incubation.

4.13. Western blot assay.

Western blot analysis was performed as describexdaqarsly [38]. Firstly, SK-OV-3 cells were
grown in each well of six-well plates at the depsif 1.0x16 cells/mL of the RPMI-1640
medium with 10% FBS to the final volume of 2 mLc8edly, after cells incubated for overnight,
then cells treated witBb (5.0 or 10uM) and Ir (10 uM) for 24 h. After treatment, cells were
collected, centrifuged, and washed thrice in iclekd®BS. The pellet was then re-suspended in
lysis buffer containing 150 mM NacCl, 50 mM Tris (at4), 1% (w/v) sodium deoxycholate, 1%
(v/v) Triton X-100, 0.1% (w/v) SDS, and 1 mM EDTABdyotime, China). The lysates were
incubated at 37 °C for 30 min, and centrifugedGg at 4 °C for 10 min, and then the protein
concentration in the supernatant was detecteddB@A protein assay reagents. Presently, equal
amounts of protein per line were was separated28n $DS polyacrylamide gel electrophoresis
and transferred to PVDF Hybond-P membrane (GE Hemle). Membranes were incubated with
5% skim milk in Tris-buffered saline with Tween ZUBST) buffer for 1 h and then the
membranes being gently rotated overnight at 4 °€mldranes were then incubated with primary
antibodies against Bcl-2, Bax, caspase-3 and -@APDH for overnight at 4 °C. After three
washes in TBST, then the membranes were next itedhbaith peroxidase labeled secondary

antibodies for 2 h. Finally, all membranes were veaiswith TBST four times for 20 minutes and



the protein blots were analyzed by chemiluminesearagent (Thermo Fischer Scientifics Ltd.).

The X-ray films were developed with developer aimdd with fixer solution.

Notes
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Scheme 1: Synthetic pathway to target compourdsnd9. Reagents and conditions: (a) §HH,

reflux; (b) diethyl phosphite, 50 °C; (c) DCC, DMABH,ClI,, 30 °C.



Highlights

A novel series of Ir derivatives were synthesized as potential antitumor agents.

9b exhibited stronger anticancer activity toward to human cancer cells compared to Ir.
9b effectively arrested SK-OV-3 cells at S stage.

9b exhibited antitumor efficacy in the SK-OV-3 xenograft model better than Ir.

9b may induce SK-OV-3 cells apoptosis through mitochondrion pathways.
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