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Graphical Abstract

With a rational design strategy, a triphenylphosplim cation moiety and a nitro group were

incorporated intda, affordinglf with improved target inhibition and selectivity.
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Abstract:

Herein, triphenylphosphonium cation moieties wereorporated into a dichloroacetophenone derivative,
leading to the discovery of novel mitochondria-&degl and tumor-specific pyruvate dehydrogenaseskina
(PDK1) inhibitors. Biological studies suggestedtthl these synthesized compounds had signifigant
vitro activities, in particular compountf, which inhibited PDK1 with an Efg value of 0.12 uM, and
reduced the proliferation of NCI-H1650 cell with 8, value of 0.21 uM, but showed marginal effect
against non-cancerous BEAS-2B cell {{G 3.28 uM). In addition,1f decreased the extracellular
acidification rate and lactate formation, increaseattive oxygen species production, and depolérize
mitochondrial membrane potential of NCI-H1650 celhich could serve as a potential modulator to
reactive mitochondrial oxidative phosphorylatiordaeprogram the glucose metabolic pathways in dance
cells. Collectively, these data demonstrated ttiatould be a promising lead for the development of

therapeutic PDK1 inhibitor in cancer treatment.
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1. Introduction

Cancer cells exhibit an increased glycolysis ampessed oxidative phosphorylation (OXPHOS), even
under aerobic conditions [1, 2]. This metabolie®dtion and adaptation is believed to provide fadtive
advantages and survival needs for cancer cellsT[8])s, selective disruption of the metabolic aliems
may offer therapeutic opportunities in cancer thgrd].

Pyruvate dehydrogenase complex (PDC) is a gatekeepgme, linking the glycolysis and tricarboxylic
acid cycle, which regulates the flux of the pyrevaito mitochondria for OXPHOS [5]. The activity of
PDC is regulated by the reversible phosphorylatidre phosphorylation of PDC by the four isoforms of
PDK (PDK1, 2, 3 and 4) results in its inactivatiomhile the dephosphorylation by two pyruvate
dehydrogenase phosphatases (PDPs) restores igyaj@j 7]. Therefore, inhibition of PDKs to actte
PDC is an attractive therapeutic strategy to revére abnormal metabolic pathways and inhibit cacek
proliferation.

Among the four PDK isoforms, PDK1 is most assodatéth cancer malignancy [8]. It had been
reported that PDK1 was remarkably overexpressediiious human tumor samples, such as head and neck
squamous cancer [9], gastric cancer [10] and larger [11, 12]. Furthermore, overexpression of PDK1
protected cancer cells from anoikis, while depletd the enzyme restored the susceptibility to kie@nd
reduced the metastatic potential [13]. In additemnecent study indicated that PDK1 activity waseased
at the post-transcriptional level by diverse onecogeyrosine kinases [14]. This enhancement of PDK1
activity resulted in a promotion of the Warburgeetf and tumor growth [15]. Collectively, these $sd
suggested that PDK1 was an attractive target. itndnibof PDK1 could provide a promising approach to

kill or, at least, greatly reduce the growth of @ancells.
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Fig. 1 Biological activities of DAP anda. A: Chemical structures of DAP ard. B: DAP andla at different concentrations
inhibited proteins phosphorylation in AKT, ERK anB@ signaling pathways. a bound to PDK1 protein with lgy value
of 13.4 uM.



Recently, several inhibitors have been reporteihdit the activity of PDKs and reduced canceiscel
proliferation [16-18]. Dichloroacetophenone (DARig. 1A) was identified as a PDKs inhibitor in a
screening campaign based on pyruvate dehydrogetdiséy [19], which was never used in anticancer
studies. Until recently, Qiet al reported that DAP weakly inhibited the acute mikleukemia (AML)
cells proliferation [20]. However, DAP is not a sgie PDKSs inhibitor, which affects other signalthavays,
such as AKT and ERK phosphorylatioisd. 1B), therefore inevitably leading to some off-targatl / or
side effects. Continuing our endeavor to discoyeec#ic PDK1 inhibitor [21, 22], we identified a
structurally novel PDK1 inhibitofla, which dose-dependently inhibited PDC phosphaotafFig. 1B)
and bound to PDK1 protein with K value of 13.4 uMKig. 1C). Unfortunately,1a affected ERK and
AKT signaling pathways, similar to DAP, and therefaesulted in no selectivity. Inspired by these
preliminary results, we herein report the ratiortdsign and identification of a series of novel
mitochondria-targeted and tumor-specific PDK1 iitioits with reduced off-target and / or side effeats

compared to their parent molecule.

2. Reaults and discussion
2.1. Design strategy of TPRonjugated compounds

One of the major challenges in developing anticawicags is to improve selectivity and reduce side
effects for normal cells. As we stated above, tBKP inhibitor 1a affected the ERK and AKT protein
phosphorylation, which could inevitably result indesired side effects. As expected, comparisoribeof
ICso values between tumor cell line NCI-H165044G 2.25 pM) and non-cancerous cell BEAS-2Bs{l€
2.78 uM) indicated thdta displayed almost the same cytotoxicity betweerlgecell lines. To the best of
our knowledge, the ERK and AKT proteins mainly l@can cytoplasm, while PDKs exist mainly in
mitochondria. We hypothesize that if we specificattansport a PDKs inhibitor into cancer cell

mitochondria, it would avoid disrupting the ERK ahidT signal pathway.
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Fig. 2 Design of TPP-conjugated compounds

Generally, most cancer cells exhibit an elevatedehbndrial membrane potentidlym) at least 60 mV
as compared to normal cells, which could be exgibib selectively target mitochondria for canceraipy
[23]. Triphenylphosphonium cation (TPPis widely used as a mitochondria-targeted moiatyd the
utilizing of TPP as a mitochondria-targeted vehicle has been wadlied [24]. With this notion in our



mind, we tethered triphenylphosphonium cations (JR® a PDK1 inhibitor, with the aim to generate
specific mitochondria-targeted compounds to avdiidanget and / or side effects. As showrFig. 2, the
warhead is a parent molecule that inhibits PDK1cfimm and cancer cell proliferation. The end of the
warhead is attached to a TPRoiety through alkyl linkers, which were expecttd modulate the

lipophilicity and cellular uptake of the target coounds.

2.2. Synthesis of TPRonjugated compounds

The preparation of the TPRonjugated compounds were showrSehemes 1 and?2. The reaction of
arylhalides 2a and2b) with 4-acetyl-phenylboronic acid8) yielded compoundda and4b, which were
chlorinated in the presence of copper(ll) chlortddnydrate and lithium chloride to conveniently proe

dichloro-substituted compounda and1b.
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Scheme 1 Synthetic routes of the parent molecules and 1b. Reagents and conditions: (i,®0;, H,O, (n-Bu)4NBr,
Pd(OAc), 70°C; (ii) CuCh:- 2H,0, LiCl, DMF, 90°C.

The brominated carboxylic acidsa-d) were then stirred with triphenyl phosphines in dcetonitrile to
afford the phosphate$d-d) with yields ranging from 87 to 95%. Finallgp and phosphateg-d)
coupled efficiently and gave the TR&onjugated compoundsf. All these target compounds—f were
characterized bjH NMR, **C NMR and HRMS spectra (Supporting information).
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Scheme 2 Synthetic routes of the TPRonjugated target compountis-f. Reagents and conditions: (i) P(Rfgry CHCN,
reflux; (i) DCC, anhydrous DCM, RT.




2.3. TPP-conjugated compounds have little effect on the BRIKAKT signaling pathways

We aimed to develop PDK-selective anticancer comgsiby minimizing their activities on AKT and
ERK signal pathways. Therefore, the target compsdinst were chosen to assess their effect on AKT a
ERK phosphorylation through Western blotting expemts. As shown ifig. 3, DAP,la andlb at 2 uM
strongly reduced the AKT and ERK phosphorylatiorietestingly, the TPPconjugated compoundic—f

displayed a minimal effect on AKT and ERK phosptatign, which was in full agreement with our

hypothesis.
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Fig. 3 Proteins phosphorylation in AKT and ERK signalirethpvays after treated with DAP (2 uM) ahba-1f (2 uM) in
NCI-H1650 cells for 12 h.

2.4. TPP-conjugated compounds inhibit cancer cell proliféma and PDKs activity

With the improved selectivity of TPRonjugated compounds, next the growth inhibitdfgats of DAP,
la—f, and 6a-d against the cancer cell lines MCF-7, A375 and NC650 were then measured. A
non-cancerous BEAS-2B cell was included to compageselectivity of these compounds. Exposure of the
cells to the compounds for 72 h resulted in dogeeddent decreases in cell viability, except for
compoundséa-d, which could rule out the possibility that the eh&d cytotoxicity is due to the TPP
moieties. As shown in Table 1a exhibited strong antiproliferative activities agsti MCF-7, A375 and
NCI-H1650 cells, but its ability to inhibit PDKsfmary dehydrogenase enzymatic assay) was wealk, wit
an EGg value of 3.8 uM, suggesting thk is not a specific PDKs inhibitor. Based on ourvgras study
(data are not shown here), the nitro-substitutionmeta-position of benzene ring was beneficial for
inhibiting PDKs function, so a nitro group was oduced intdla. As expected, the designed compothd
displayed an improved PDKs inhibitory potency withe EGo value of 0.25 uM, however, the
selective-index (SI) value fatb is only 1.6, as shown in Table 1. The introduct@nTPP moieties
offered the TPRconjugated compoundic—f, which strongly inhibited cancer proliferation amRiDKs
function. Interestingly, the SI values dic-f were also greatly increased, indicating that the
TPP-conjugated compounds selectively inhibit cancellscéout not non-cancerous cells. Of note,
compoundlf with a linker of six carbon atoms displayed a potgrowth inhibitory effect on NCI-H1650
cell (Fig. S1 in Supporting Information), thesf&alue is 0.21 pM. Compourid also exhibited promising



PDKs inhibitory potency (E& = 0.1 uM), which warranted for further investigeii
Table 1 Biological evaluation of compounds—f, 6a—d and DAP.

Cpds. I1Cs0 (LM) PDKs inhibition
MCF-7 A375 NCI-H1650 BEAS-2B SI® (ECso UM)
la 1.38 £+0.22 1.1+0.25 2.25+0.30 2.78 £0.32 1.2 3.80+1.41
1b 0.63 £0.11 0.75+0.19 0.92 £0.27 1.44 +£0.10 1.6 0.25+0.09
1c 1.78 £0.30 1.38 £0.21 0.87 £0.14 6.5+0.92 75 0.34%0.10
1d 0.97 £0.12 1.27 £0.30 0.85+0.14 >10 >10 (:3B04
le 0.81£0.17 1.18 +0.21 0.88 £0.15 4.82 £0.10 55 0.14£0.02
1f 0.50 £0.11 0.51 £0.09 0.21 +0.04 3.28+0.08 615. 0.10%0.02
6a NI NI NI NI © NT¢
6b NI NI NI NI NT
6¢c NI NI NI NI NT
6d NI NI NI NI NT
DAP 125+2.1 85+1.2 6.8 £0.91 7.7+15 1.1 I N

@ A normal human epithelial cells isolated from hrbial epithelium? Selective-index is calculated by comparing the, IC
values in human normal BEAS-2B cells against thg, Malue of the same compound in NCI-H1650 canceis,ceINI
represents no inhibitiod;NT represents not tested.

To explore the mechanism of cancer cells death, RA®1f were used to induce NCI-H1650 cells
apoptosis, which was then examined with the Ann&kFITC/PlI FACS assay. As shown Fig. 4, the
percentages of apoptotic population in NCI-H165lsdeeated with DAP at 1QM for 12 h was 10.6%,
while for 1f at 0.5, 1 and 2uM, the percentages were 7.2, 13.8, and 17.2%, cteply, clearly
outperformed DAP in inducing cancer cell apoptosWoreover, the percentages of apoptosis for
NCI-H1650 cells treated withif at 1 uM for 6, 12 and 24 h were 6.6, 13.6, and 28, respectively,

suggesting the induction of apoptosislhyollowed a time-dependent manner.
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Fig. 4 Flow cytometer analysis of NCI-H1650 cells apoptostse cells were treated with DAP atiidfor 6, 12 and 24 hours,
then were stained with FITC Annexin V / PI. Cellstlie upper right quadrant indicate Pl positive/Arineéx positive, late



apoptotic, or necrotic cells, and cells in lowaghti quadrant indicate early apoptotic cells. Baphreepresents statistics of

total apoptotic cell percentages from duplicateegixpents. P < 0.05, versus control group.

2.5. TPP-conjugated compounds activate purified PDC byhititig PDK1

Compoundslc—f were next evaluated for their effects on PDC atitvm by a primary dehydrogenase
enzymatic assay. As shownFing. 5A, the TPP-conjugated compounds—f dramatically increased PDC
activity. To confirm the activation of PDC were @®t caused by direct inhibition of PDKs, we terrtéda
the kinase reaction with 55 mM of pyruvate and Affore1c—f addition. We then observed that NADH
formation was barely affected by the compouniig.(5B), indicating thatlc—f had no effect on the
dehydrogenase activity. Clearly, the enhanced PBvity was resulted from PDKs inhibition by the
compounds. The PDK1 kinase inhibitory activity viaher evaluated in the presencelbVia measuring
ATP consumption by the enzyme. As showrFig. 5C, 1f dose-dependently reduced PDK1 activity, with
the EGo value of 0.12 uM. To verify that PDK1 inhibitionowld lead to the reduction of the PDC
phosphorylation level in cancer cells, NCI-H1650swere treated with DAPLb, and1f for 12 h, then
PDC phosphorylation was analyzed by Western blpttixperiment. As shown irig. 5D, 1f dramatically
reduced PDC phosphorylation level in a dose-respemaanner, while DAP anilb had no effect at the
same concentrations.
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phosphorylation in NCI-H1650 cell, DAP adi were used as control groups.



2.6. TPP-conjugated compounds affect the mitochondrial hémgetics function in NCI-H1650 cell
Inhibition of PDKs activates PDC, leading to a shibf pyruvate metabolism from lactate production t
OXPHOS in mitochondria. Thus, the oxygen consunmpiad the degree of acidification will change in
cancer cells. To explore whether TR®njugated compounds confer this switching, NCBB( cells were
treated withlb (5 pM), andlf (1, 2, and 5 uM) for 4 h, then the changes in ttieaeellular acidification
rates (ECAR) and oxygen consumption rates (OCREeweonitored on a Seahorse XFe24 extracellular
flux, the lactate production was measured by a NRigarofile Flex analyzer. As shown Fig. 6A and6B,
ECAR was significantly decreased with the additioih 1f. As expected, OCR was increased. The
enhancement of OCR fdib at 5 pM is less significant than that f at the same concentration. We
observed thatlf at 2 or 5uM strongly inhibited the lactate formation in NCIEB50 cell, clearly
outperforminglb at 5 uM (Fig. 6C). In addition, we measured the reactive oxygerncisge(ROS)
production in NCI-H1650 cell treated wiflio and1f. More ROS was generated with higher concentrations
of 1f, indicating an enhanced cellular respiration #gtiy the treatment off (Fig. 6D). Based on these
results, we conclude thdff could elicit a metabolic alteration in cancer £dlb enhance oxidative

phosphorylation and ROS production, which mighttdbate to their anti-proliferation effect in thenhor

cells.
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2.7. TPP-conjugated compounds depolarize mitochondrial nranepotential in NCI-H1650 cells

Cancer cells exhibit hyperpolarized mitochondriamirane potentials\(zm) as compared to normal
cells. Depolarization ofAym represents an effective strategy to inhibit caraal growth. Inhibitors
targeting PDKs enhance the OXPHOS in cancer cetl,the Aym should be decreased accordingly. To
validate this hypothesis, NCI-H1650 cells weretedavith1b (5 uM) and 1f (1, 2, and JuM) for 4 hours,
which were then stained with 5,5’,6,6’-tetrachldrd-,3,3'-tetraethylbenzimidazolyl- carbocyaninelie
(JC-1), a cationic dye, which accumulated in mitowria of high potential and was accompanied by a
fluorescence emission shift from green to red du¢he formation of the red fluorescent J-aggregates
Mitochondrial depolarization is indicated by anrgmsed ratio of the green / red fluorescence iitjens
which could be measured by a flow cytometer. Asasshim Fig. 8, the quantitative analysis of JC-1 stained
cells revealed a significant increase in the géem Aym) / red (highAym) ratio as compared to the cells
treated withlb at 5 uM or the control group, which suggested ttfatepolarized the mitochondrial

hyperpolarization and thus revived oxidative melisboin cancer cells.
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depolarization ofAym is indicated by the increase in the ratio of Jhawer/J aggregate. P < 0.05, versus the control

group.



3. Conclusion

We have developed novel TREonjugated PDK1 inhibitors with improved potenaydaselectivity. The
TPP-conjugated compounds have abilities to enhance &R@matic activity and PDK1 kinase inhibition.
The MTT assay suggested that TRBnjugated compounds possessed prominent antgedive
activities against NCI-H1650 cells with ¢ values of 0.87, 0.85, 0.88 and 0.21 uM, respdgtivehile
exhibiting little effect on the non-cancerous BE2B-cells. Meanwhile, the most potetitamong these
compounds could alter the glucose metabolic prafilsICI-H1650 cells by decreasing ECRA and lactate
formation, and increasing OCR values as well as Rfo8uction. At lastlf was found to depolariz&ym
in NCI-H1650 cancer cells, which could trigger afmic stimuli and lead to cancer cell death. Cdilesty,
our data demonstrated that TR®njugated compounds, especialfycould be a promising lead for the

developing therapeutic PDK1 inhibitor for cancesrdpy.

4. Experimental protocols
4.1. General methods and target compounds synthesis

All chemicals were purchased from commercial sowand used without further purification unless
otherwise stated. The reactions were monitored tog-layer chromatography and carried out on
commercial Merck Kieselgel 60,4 plates, which could be visualized under UV ligh284nm. Column
chromatography was performed on silica del. NMR spectra were obtained on an Agilent MR
spectrometer, whilé’C NMR spectra were obtained with proton decoupbingan Agilent 400MR DD2
(100MHz) or 600MR DD2 spectrometer and were reported in ppm wékidual solvent for internal
standard § 77.16 (CDCJ)]. The chemical shifts were reported in parts pdtion (ppm), the coupling
constants (J) were expressed in hertz (Hz) andilsigmere described as singlet (s), doublet (d)letri(t),
as well as multiplet (m). The NMR data was analybgdMestReNova software. High-resolution mass
spectra were obtained on a Bruker SolariXT7gpectrometer. Melting points were recorded onRSA2A
digital melting point apparatus. All other chemgalind solvents were commercially available, andewer
used as received.
4.1.1 Synthesis of compountdsb

To a round-bottom flask, 4.0 mmol of arylhalid@s r 2b), 4.4 mmol of 1-(4-acetyl-phenyl)-boronic
acid @3), 0.2 mol % of Pd(OAg) 10.0 mmol of powdered KOs and 4.0 mmol ofr{-Bu);NBr were added.
The flask was flushed with nitrogen, water (4.4 migs added and the resulting suspension was stimgd
heated for 4 h at 74C. After completion of the reaction, the mixturesadiluted with water, and extracted
with EtOAc (2 x 30 mL). The combined organic layersre dried over N&Q,, filtered and concentrated.
The crude residues were purified by silica gel ofatography to afford the pure compoudd {n 89 %
yield, and4b in 83 %) [25].

10



1-(4'-Hydroxy-3'-nitro-[1,1'-biphenyl]-4-yl)ethan-@ne @b). Compound4b was obtained as a yellow
solid after the flash chromatography. M.p. 4179°C; *H NMR (400 MHz, CDCJ): 5 (ppm) 10.62 (s, 1H),
8.36-8.37 (m, 1H), 8.04-8.06 (m, 2H), 7.86-7.88 (H), 7.65-7.67 (m, 2H), 7.27-7.29 (m, 1H), 2.65 (s
1H); **C NMR (101 MHz, CDG): & (ppm) 197.35, 154.89, 142.54, 136.35, 136.10, 81133132.39,
129.15, 126.73, 123.15, 120.73, 26.63; MS (ESIx, 256.0 [M-H].

4.1.2 Synthesis of compouridsb

To a round-bottom flask 9.0 mmol of copper(ll) aide dihydrate, 9.0 mmol of lithium chloride and 1.
mmol of the ketonesté or 4b) were added. Then DMF (7.0 mL) was added, theurgxivas heated to 90
°C, and stirred for 6 h. Then the mixture was cddteroom temperature, diluted with water and estéa
with ether (3 x 30 mL). The combined organic layeese washed with water (3 x 20 mL) and dried over
N&SQ,, filtered and concentrated. The crude residuesg warified by silica gel chromatography to afford
the pure compounds.

2,2-Dichloro-1-(4'-hydroxy-[1,1'-biphenyl]-4-yl)eéim-1-one {a). Compoundla was obtained as a
yellow solid after flash chromatography. Yield: 488.p. 114117 °C; *H NMR (400 MHz, CDCJ): &
(ppm) 8.13 (M, 2H), 7.67 (m, 2H), 7.54 (m, 2H),B(@n, 2H), 6.68 (s, 1H)C NMR (101 MHz, CDGJ):
& (ppm) 185.67, 156.71, 146.93, 131.55, 130.39,11729128.66, 126.76, 116.03, 67.82; MS (ESI): m/z,
279.0 [M-HT; HRMS (ESI): calcd. for GHyCl,0, [M-H]: 278.9985, found: 278.9986.

2,2-Dichloro-1-(4'-hydroxy-3'-nitro-[1,1'-bipheny#-yl)ethan-1-one 1b). Compoundlb was obtained
as a yellow solid after flash chromatography. Yi€d%; M.p. 9693 °C; 'H NMR (400 MHz, CDCJ): &
(ppm) 10.66 (s, 1H), 8.41 (s, 1H), 8.20-8.22 (m),ZH88-7.90 (m, 1H), 7.71-7.73 (m, 2H), 7.30-7(8%
1H), 6.67 (s, 1H)}*C NMR (101 MHz, CDGJ)): 5 (ppm) 185.29, 155.17, 143.96, 136.05, 133.85,831.
130.67, 130.42, 126.96, 123.35, 120.93, 67.87; ESI) m/z, 324.0 [M-H} HRMS (ESI): calcd. for
C14HgCI,NO, [M-H] : 323.9836, found: 323.9834.

4.1.3 Synthesis of compouriasf

To a round-bottom flask was addga (5.0 mmol), P(Ph)20.0 mmol) and dry MeCN (10.0 mL). The
mixture was stirred vigorously and heated to refldfter the refluxing was ceased (15 h), the solutivas
concentrated. The residue was rinsed consecutivigiybenzene (3 x 10 mL), hexanes (10 mL), andrethe
(2 x 10 mL). The crystalline white solid was driexgive 6a (1.8 g, 87%) [26]6b-d were prepared in
according to the procedure describe®as

To a round-bottom flask was add#bl (0.25 mmol),6a (0.2 mmol) and DCC (0.246 mmol). The flask
was flushed with nitrogen, and then anhydrous D@&NN() was added. The reaction was stirred at room
temperature for one day. Then was filtered and eotnated, and purified by silica gel chromatografthy

afford compoundlc in 70% yield [27]. Compound&d-f were prepared in according to the procedure
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described agc.
(3-((4'-(2,2-Dichloroacetyl)-3-nitro-[1,1'-biphenly#i-yl)oxy)-3-oxopropy)triphenylphosphonium
bromide (c). Compoundlc was obtained as a white solid after flash chrogratshy. M.p. 8993 °C; *H
NMR (400 MHz, CDC})): (ppm) 8.27-8.28 (m, 1H), 8.21-8.23 (m, 2H), 7823 (m, 10H), 7.69-7.76 (m,
9H), 6.67 (s, 1H), 4.41-4.47 (m, 2H), 3.31-3.37 @hi);**C NMR (101 MHz, CDCJ): & (ppm) 185.37,
161.04, 143.94, 143.58, 141.39, 138.47, 135.33,783@l,J = 10.1 Hz), 133.55, 130.67 (@= 12.1 Hz),
130.55, 130.42, 127.51, 127.26, 124.01, 117.61 &86.9 Hz), 67.91, 27.62, 18.44 (U5 58.6 Hz); MS
(ESI): m/z, 642.1 [M-Bf]; HRMS (ESI): calcd. for GH,7Cl,NOsP [M-Br]": 642.0998, found: 642.1027.
(4-((4'-(2,2-Dichloroacetyl)-3-nitro-[1,1'-biphenjyli-yl)oxy)-4-oxobutyl)triphenylphosphonium  1dj.
Compoundld was obtained as a white solid after the flash miatography. M.p. 117-12%; 'H NMR
(400 MHz, CDC}): (ppm) 8.32 (m, 1H), 8.21-8.24 (m, 2H), 7.86-7.88, 7H), 7.78-7.80 (m, 3H),
7.65-7.75 (m, 9H), 6.68 (s, 1H), 4.15-4.23 (m, 2BIR7-3.40 (m, 2H), 2.09 (m, 2HYC NMR (101 MHz,
CDCly): 6 (ppm) 185.36, 171.18, 144.02, 143.62, 141.74,3188.35.06, 133.68 (d,= 10.1 Hz), 133.66,
130.90, 130.74, 130.51 (@= 13.1 Hz), 127.51, 126.76, 124.17, 118.01)(d,86.9 Hz), 67.91, 33.31 (d,
= 19.2 Hz), 21.47 (dJ = 51.5 Hz), 17.80; MS (ESI): m/z, 656.1 [M-BrJHRMS (ESI): calcd. for
CagH29CILNOsP [M-Br]": 656.1155, found: 656.1155.
(5-((4'-(2,2-Dichloroacetyl)-3-nitro-[1,1'-bipheny#i-yl)oxy)-5-oxopentyl)triphenylphosphonium 1e).
Compoundle was obtained as a white solid after the flash mlatography. M.p. 10604 °C; 'H NMR
(400 MHz, CDC}): (ppm) 8.31 (m, 1H), 8.22-8.24 (m, 2H), 7.86-7.88, 7H), 7.69-7.80 (m, 11H),
7.43-7.45 (m, 1H), 6.68 (s, 1H), 3.99-4.02 (m, 2R186-2.89 (m, 2H), 2.22-2.26 (m, 2H), 1.86-1.88 (m
2H); **C NMR (101 MHz, CDGJ)): 5 (ppm) 185.42, 170.65, 143.78, 143.21, 141.64,088.34.96, 134.93,
133.50 (dJ = 10.1 Hz), 133.45, 130.95, 130.60, 130.39(d,13.1 Hz), 127.32, 126.15, 123.95, 117.92 (d,
J = 85.9 Hz), 68.03, 32.87, 24.78 M= 18.2 Hz), 22.36 (d) = 69.7 Hz), 21.50; MS (ESI): m/z, 670.1
[M-Br]™; HRMS (ESI): calcd. for §Hz:.ClLNOsP [M-Br]™: 670.1311, found: 670.1311.
(6-((4'-(2,2-Dichloroacetyl)-3-nitro-[1,1'-biphenlyli-yl)oxy)-6-oxohexytriphenylphosphonium  1f)
Compoundlf was obtained as a white solid after the flash miatography. M.p. 997 °C; *H NMR (400
MHz, CDCk): (ppm) 8.31 (m, 1H), 8.21-8.23 (m, 2H), 7.86-7(9% 7H), 7.68-7.81 (m, 11H), 7.49-7.51
(m, 1H), 6.69 (s, 1H), 3.91-3.98 (m, 2H), 2.67-2(/, 2H), 1.80-1.89 (m, 4H), 1.69-1.75 (m, 2
NMR (101 MHz, CDC}): & (ppm) 185.41, 170.98, 144.05, 143.53, 141.91,1188.35.00, 133.63 (d,=
10.1 Hz), 133.45, 130.98, 130.69, 130.49)(d,13.1 Hz), 127.46, 126.48, 124.10, 118.24)(d,85.9 Hz),
67.98, 33.50, 29.50 (d, = 17.2 Hz), 23.89, 22.86, 22.36; MS (ESI): m/z4@8[M-Br]"; HRMS (ESI):
calcd. for GgH3sClLNOsP [M-Br]": 684.1468, found: 684.1463.
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4.2. Biological evaluations
4.2.1 Cell cultures

Cancer cell lines NCI-H1650, A375, and MCFand the non-cancerous BEAS-28ll line were purchased
from Shanghai cell bank of Chinese Academy of Smen(Shanghai, China). Cells were cultured in DMEM
medium supplemented with 10% FBS, 1% penicillin atréptomycin. Cells grown at exponential stageewer

used for all the biological experiments.

4.2.2 Cell viability assay

Cell viability upon the treatment of the preparemnpounds and DAP was tested by using the MTT
assay. A suspension of cells (5000/well for NCI-BQ,63500/well for MCF-7 and A375, and 4000/well for
BEAS-2B) were seeded in 96-well plates and cultfioe®4 h. Then seven different concentrationgasf
ranging from 10-0.16M (PBS buffer containing 1% DMSO) and DAP (40-0189) were added into the
96-well plates, in which cells were incubated f@ 1. Then, 10 pL of MTT (0.5 mg/mL) solution was
added to each well of the plates. After 4 h incugmaat 37 °C, the supernatant was removed andul00
DMSO was added, with the aid of gentle shaking issalve the formazan crystals in the plates. The
absorbance of the each well was measured at 57@nnanmicroplate reader (Bio-Rad Laboratories,
Shanghai, USA). At last, resultant @p,m values were expressed asd®alues, which were the mean

values derived from three independent experiments.

4.2.3 Cell apoptosis detection

NCI-H1650 cells were seeded at a density of 4 Xcklls/mL on each well of 6-well plates and were
allowed to grow overnight. Then cells were treatgith DAP (10uM) and 1f (0.5, 1, and 2M) for 12 h,
and1f at 1uM for 6, 12, 24 h. Cells were trypsinized, repebtaedashed with cold PBS for three times,
centrifuged at 1200 rpm / min for 5 min, and thpesmatants were discarded. Then cells were resdegden
in 1x Annexin binding buffer te-5 x 1¢ cells/mL. To the 10QL of cell suspension, BL of Annexin V
and 10uL of Pl were added and incubated for 15 min at reéemperature. After the incubation, 400 of
binding buffer was added to each sample and watygeiixed and analyzed immediately on a flow

cytometer (Accuri C6, BD Biosciences).

4.2.4 JC-1 assay for flow cytometry analysis

NCI-H1650 cells were cultured on 6-well plates atemsity of 4 x 19 cells/mL and allowed to grow
overnight at 37 °C. Cells were treated with (5 uM) and 1f (1, 2, and 5uM) for 4 h at 37 °C. A solution
of 1 uM JC-1 reagent in fresh medium was addediacubated at 37 °C for 15 min. Then the culture
medium was removed. The cells were washed 3 tinigsowol PBS and trypsinized for 5 min at 37 °C.

The cells were isolated and washed 3 times in P&Ecagntrifuged (1000 rpm / min for 5 min). The
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resulting cell pellet was resuspended in §R®PBS and analyzed by BD FACSCalibur flow cytometry

4.2.5 ROS measurement

NCI-H1650 cells were seeded at a density of 4 %celis/mL on a dark, clear bottom 96-well plated an
were allowed to grow overnight. Then culture mediwas removed and a diluted DCFH-DA (Beyotime,
Jiangsu, China) solution was added (1@@well) to incubate the cells for 45 min at 37 ‘Remove the
medium and washed with 1 x PBS for three timesnThe cells were treated witlo (5 uM), andif (1, 2,
and 5uM) at 37 °C for 4 h. At last, the plate was meadw®e a microplate reader at Ex / Em = 485 / 535

nm.

4.2.6 Western blotting assay

NCI-H1650 cells were seeded in 6-well plates ardtéd with compounds at desired concentrations for
12 h. Then the treated cells were incubated wilhysate buffer for 15 min, and centrifuged at 020pm
/ min at 4 °C for 15 min. Protein concentration éach sample was assessed by Pierces BCA Protsdty As
Kit and balanced to the same level, followed by mi8 protein denaturation with SDS loading buffer a
100 °C. Proteins in the samples were separated D$-PAGE electrophoresis, transferred onto
nitrocellulose filter membrane, blocked in 5% fiaef milk for 2 h, breezed with desired primary laodiies
overnight, followed with secondary HRP-conjugatedi-eabbit IgG for 2 h. Membranes were finally
scanned in a ChemiDoc MP Imaging System (Bio-Ré&thr & min incubation in Clarity Western
ECLSubstrate (Bio-Rad).

4.2.7 Statistical analysis
Data was reported as Mean + SD. Statistical arsmlysis performed using GraphPad Prism version 6.0

for Windows. P < 0.05 was considered as statistically significant
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Highlights

» Target compounds have less side effect and maeeifgpas compared with their parent

molecule

» 1f displayed a very strong PDKs inhibitory activitythvan EGg value of 0.1 pM

» 1f showed very promising cytotoxicity to cancer célld little effect to normal cells



