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ABSTRACT

We report the synthesis and evaluation of a seriasovel terphenyls. Compourt¥ had the most
potent anticancer activity, indicating that the phiec hydroxyl was a key group. A DNA relaxation
test showed that compoudd had a strong inhibitory effect on TO&2ut not on TOP1, which was
consistent with the docking analysis results. Wefgpmed a 3D-QSAR study using CoMFA and
CoMSIA to determine, for the first time, the cheatibiological relationship in the inhibition of TOP
by terphenyls. The CoMFA and CoMSIA model had gooodeling statistics: leave-one-ogt of
0.605 and 0.622 of 0.998 and 0.994, and,.q (test set) of 0.742 and 0.660. These results stigge
that the ortho-phenolic hydroxyl on ring A is imgamt for producing terphenyls with more efficacious

activity.
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1. Introduction

Topoisomerases (TOP) are essential for managingof@ogical state of DNA [1, 2]. Several
compounds may increase TOP-mediated DNA duplexkbgea and kill cancer cells [3]. Different
types of compounds inhibited TOP were reportedmdgesuch as 2-substituted amidoanthraquinones
and benzoxazole-containing derivatives inhibitedPTO[4], fluorinated purine analogues [5] and
dihydroxylated 2,4-diphenyl-6-thiophen-2-yl pyridinderivatives inhibited TOP2 [6], hydroxylated
2,4-diphenyl indenopyridine derivatives inhibitedFP2x [7]. Type Il topoisomerases (TOP2s) are
notable antitumor targets because they can trahsigleave both strands of a DNA duplex to enable
the transport of another DNA segment [8]. T@P&ne of the TOP2 isoforms, is highly expressed in
rapidly growing cancer cells [9, 10]. Therefore, HZ3 is considered to be an important therapeutic
target for developing TORZtargeting antitumor drugs [11, 12].

Recently, we discoveredBterphenyl derivatives that have potent cytotoyieiainst the human
breast carcinoma MDA-MB-435 cell line, mediatedotigh ROS generation, cell cycle arrest and
apoptosis [13]. Compound [1,1":4’,1"-Terphenyl]-2'3',4,4"-pentaol X1, Figure 1) was found to
only inhibit TOP2 activity, but not TOP1 [13]. Based on the struetwf compoundX1l, we
synthesized a series of novel terphenyls (Figurart) evaluated their cytotoxic activity against the
MDA-MB-435 cell line (Table 1). Among these compdsn compound.7 was slightly more potent
than X1 ( ICso = 4.1 £ 0.39). As shown in Figure 2, the inhibjtarctivity of compoundl7 against
TOP2x was slightly stronger than that of VP-16 and iitkibitory activity against TOR2and TOP1
was consistent with DOCK analysis results (FiguyeT® obtain a detailed and quantitative view of
ligand binding, we used the comparative molecuiald fanalysis (CoMFA) [14] and comparative
molecular similarity indices analysis (CoMSIA) [1Bjethods. In this paper, for the first time, we
report COMFA and CoMSIA studies using a databaseegihenyls that inhibit TOP. The QSAR
models showed high quantitative correlations witbdypredictive abilities.

Figure 1.
Scheme 1-4..

2. Reaults



2.1. Chemistry

A series of terphenyls was synthesized as depint&dhemes 1-4.

Scheme 1. The synthesis was started from commigr@ahilable 4-bromo-2-hydroxybenzoic
acid and 5-bromosalicylic acid. These compoundsveeibjected to esterification and were coupled
with 4,4,4'4'5,5,5',5'-octamethyl-2,2'-bi (1,3l@xaborolane). This process resulted in compo@ids
and22. Then, these compounds were coupled ®8H13] to obtain compounds and?2 respectively.
Using KOH to hydrolyze compoundsand?2 resulted in compoundsand4, respectively. Compounds
5 and6 were obtained by the demethylation3cdind4 using boron tribromide.

Scheme 2. 1,4-dibromo-2,3-dimethoxybenzene (comgho@d) [13] was coupled with
3,4-dimethoxyphenylboronic acid to produce compo@bdand compoundl6, and the latter was
demethylated to obtain compoundi7. Compound 25 was coupled with 4,44, 4' 55,5,
5'-octamethyl-2,2'-bi (1,3,2-dioxaborolane), with@eparation, and then was directly coupled with
methyl 4-bromobenzoate (compour®) to obtain compound§, 18 and 19. Compound7 was
demethylated to produce compouhd

Scheme 3. 4-bromo-2-nitrophenol and 4,4,4',4' 53;6ctamethyl-2,2'-bi (1,3,2-dioxaborolane)
were coupled through a Suzuki reaction; after #aetion was finished and without further treatmant,
second reaction coupling the compound with 1,4atim-2,3-dimethoxybenzene (compou2w) was
performed to obtain compoun8sand20.

Scheme 4. Three equivalents of commercially avkalabric acid compounds (compouris 28
and 29) were coupled with 1 equivalent of the correspogdirominated compounds (compou2#)

30 and31) to obtain compoundt0, 11, 12, 13 and14, respectively. Compountb was obtained by the

demethylation of compount?.

2.2. Cytotoxicity evaluation of compounds 1-20 aggaMDA-MB-435 cells

Our previous studies had shown that the terpheoyhpounds had more potent active on

MDA-MB-435 cells line than on other cell lines, s only use this cell line in this study. The
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cytotoxicity of the compounds was expressed ag, |@hich is defined as the concentration of

compound that results in 50% growth inhibition. Eaclue represents the mean + SD of three
independent experiments. The data are summarizéchlile 1. These results demonstrate that the
phenolic hydroxyl is a key group for activity arftht the activities of compoun@s 4, 5 and8, which

had a substituted carboxyl group, were very low.

Table 1.

2.3. Inhibition of TOP&

Compounds2, 12 and 17, which had IG, values lower than 20 pM, were evaluated for their
ability to inhibit TOP1 and TOR2 The results are shown in Figure 2.
Figure2.
Compoundl2 had inhibitory activity against TOB2and compound? slightly inhibited TOP1
and intensely inhibited TOR2 Additionally, the data presented in Figure 2Bw&d that compound

17 and VP-16 are almost equal active in inhibitingPZ® activity.

2.4. Compound?7 mechanism of action

To study the effect of compount? on TOPZ-mediated DNA cleavage, circular supercoiled
plasmid (SC) DNA was used as the substrate in hibitron model assay to investigate the mode of
inhibition; this assay was used in our previouskf@s]. The results indicated that compouifdwas a
TOP suppressor but not a poison (data not shown).

Figure 3.

2.5. DOCKING

In our previous studies we found that compoX®&linhibited TOP1 and TORZ and we found
compoundl1?7 only inhibited TOP@ in this study. So, in order to find the bindindesbf these

compounds to TOP, molecular docking was used tdoexgthe binding of compounds3 and 17 to
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TOP1 and TOP& (Figure 3). The main difference was th& could form hydrogen bonds with the
TOP1 residues GLU-356 and ASN-722, whergé@scould form hydrogen bonds with TOP1 residue
ASP-533 (Figure 3A). For TOR2 compoundX3 could form hydrogen bonds with residue ASP-541,
whereasl7 could form hydrogen bonds with residues ASP-541 & 1-10 (Figure 3B). These results

were consistent with the TOP inhibition findings.

2.6. 3D-QSAR models and statistics

3D-QSAR is used to correlate compound activity wiitle interaction fields surrounding the
compounds. All compounds, based on minimum eneapfocmers, were aligned using a terphenyl
nucleus as a template. In CoOMFA and CoMSIA, paléiast-squares (PLS) regression is used to derive
and statistically validate models [16].

The 3D-QSAR models were evaluated based on thes-salilated correlation coefficient,
non-cross-validated correlation coefficiemf)( standard error of estimate (SEE) test value, and
evaluation of the model with a test sezgr@d). The statistical results listed in Table 2 indécthat the
CoMFA and CoMSIA models built upon this set of caapds were statistically reliable.

Table2.

CoMFA and CoMSIA analysis of the statistical paréeneindicated thaj® = 0.605 and 0.622 for
the best main fraction of 4 and 5; typically, aresentation model witg?> 0.5 has good prediction
ability. Additionally,r?= 0.998 and 0.994, SEE was 0.030 and 0.050, an8@0:9 and 242.5.

The training set consisted of 13 compounds, and th€s,, predicted values and residual values
are presented in Table 3.

Table 3.

2.7. External validation of CoMFA and CoMSIA models

The predictive ability of the CoMFA and CoMSIA mdslevas assessed using a test set of 5
internal molecules (compounds?, 7, 9, and10) and 5 external molecules (compounds5; Figure

4), which are shown in Table 4.



Figure4.
Table 4.
The predictive correlation coefficiemfp,ed (test set) was 0.742 and 0.660 for the CoMFA and
CoMSIA models, respectively (Table 2). The corielatbetween the predicted activities and the
experimental activities is depicted in Figure 5.

Figureb.

2.8. Analysis of 3D-QSAR contour maps

The coefficient x standard deviation (coeff*stddeahtour maps of the 3D-QSAR maodels for the
CoMFA and CoMSIA models had good consistency indleetrostatic fields (Figure 6A and B). We
observed that electrostatic groups were acceptafdesteric substitutions were unacceptable. These
results were similar to the DOCK results.

The coeff*stddev maps suggest regions in the mepate where adding steric bulk or changing
the electrostatic charge at specific loci in theecoolecule should increase (or decrease) target
activity.[14, 15] Briefly, the green and yellow donrs represent favorable and unfavorable steric
substitutions, respectively, whereas the red ané bbntours represent a favorable effect froore
electronegative anahoreelectropositive substitutions, respectively.

Figure6.

3. Discussion

In conclusion, we present a simple and rapid patdor terphenyl synthesis. All of the
synthesized compounds were evaluated in MDA-MB-488s, and compound? displayed the
highest cytotoxicity. The TOR2inhibitory test and docking study of compoutidsuggested that the
phenolic hydroxyl group was important for potenye used CoMFA and CoMSIA to describe the
guantitative chemical-biological relationship ofpgkenyl TOP2 inhibition for the first time. High

quantitative correlations were obtained with goesduits, as evidenced by the highandr? values.



Additionally, the highrzpred value indicated high predictive power for the wt#s of untested
compounds.

Overall, the current study investigated the antiearactivities and TORRZinhibition activities of
novel variations ofp-terphenyl derivatives. The antitumor and T@Pmhibition activities of
compoundl?7, combined with the results of the DOCK and 3D-QS#Rilyses, demonstrated that the
ortho-phenolic hydroxyl of ring A was the key grofgr compound activity. These results provide
insight into the key contributions for functionalogps of these molecules, which could be used to

develop novel synthetic candidates that inhibit 2@P

4. Experimental section

4.1. Chemistry

4.1.1. Chemical Syntheses: General Methods

All melting points were determined on a micro nrejtipoint apparatus and were uncorrected.
'H-NMR and **C-NMR spectra were obtained onBaucker Avance-600 NMR spectrometer or an
Inova600 NMR spectrometer in the indicated solventser@ical shifts are expressed in ppdrugits)
relative to the TMS signal as an internal referedd¢eC was performed on Silica Gel GF254 and spots
were visualized by iodine vapor or by UV light diation (254 nm). Flash column chromatography
was performed on a column packed with Silica Gel(BID-300 mesh). Solvents were reagent grade
and, when necessary, they were purified and dréggustandard methods. The concentration of the
reaction solutions was performed using a rotaryperator at reduced pressure. The purity of the
product (> 95%) was assessed by reversed-phase HBIhG an Agilent 1200 series and an analytical
C18 column using 50% MeOH as solvent system andow fate of 1 mL/min with detection

wavelength at 254 nm.

4.1.2. General Parallel Procedure a (Scheme 1-4.)
The appropriate bromo derivatives (1 eq.), appeteriphenyl boronic acids (1.5 eq.) and

KF-2H,0 (3.0 eq.) were dissolved in dioxane and the thesalting mixtures were deoxygenated with
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a stream of B After 10 min, PdGI(dppf) (0.05 eq.) was added, and each mixture wasght to reflux

and stirred under Nfor 5-22 h until the reaction was complete, fokmby detection using TLC.
Then, each solution was cooled to room temperalegt, each solution was poured into a mixture of
H,O and ethyl acetate, and the two phases were segailzhe aqueous layer was washed with ethyl
acetate, and the organic phases were combined asded with brine. The ethyl acetate layer was
dried over anhydrous sodium sulfate and evaporttedtyness under reduced pressure. Each crude

product was purified via chromatography or Sephdd#x20.

4.1.3. General Parallel Procedure b (Scheme 1-4.)

The corresponding compounds (1 eq.) were addedH&k: Then, BBg (3 eq.) was added to
each solution and the resulting reaction mixturesewallowed to warm to room temperature for 20 h
and treated as follows: Each solution was pouréed ice water, followed by warming to ambient
temperature, after which each solution was washécktwith ethyl acetate. The combined organic
layer was dried over anhydrous sodium sulfate aragh@rated to dryness under reduced pressure.[17]

The purification of each crude product yielded ¢beresponding derivatives.

4.1.4. General Parallel Procedure ¢ (Scheme 1-4.)
The corresponding compounds (1 eq.) were addet%MeOH. Then, KOH (1.1 eq.) was added
to each solution and refluxed for 1 h. Then, eactture was cooled to room temperature and treated

using standard methods.

4.1.5. General Parallel Procedure d (Scheme 1-4.)

The appropriate bromo derivatives (1 eq.) and 44,35,5' 5 -octamethyl-2,2'-bi
(1,3,2-dioxaborolane) (1.1 eq.) and KAc (3.0 egeravdissolved in dioxane, and the three resulting
mixtures were deoxygenated under a stream,ofRer 10 min, PdG(dppf) (0.05 eq.) was added, and
each mixture was brought to 60-80°C and stirredeum for 2—4 h until the reaction was complete,
followed by detection using TLC. After the reactimas finished, without further treatment the crude

product was subjected to a second coupling reaction



4.1.6. General Parallel Procedure e (Scheme 1-4.)

The appropriate bromo derivatives (1 eq.), appeterphenyl boronic acids (3 eq.) and KF (3.0
eq.) were respectively dissolved in dioxane, amdtlinee resulting mixtures were deoxygenated under
a stream of Bl After 10 min, PdGldppf) (0.05 eq.) was added, and each mixture wasght to reflux
and was stirred under,Nor 5-22 h until the reaction was complete, fokmiby detection using TLC.
Then, each solution was cooled to room temperalegt, each solution was poured into a mixture of
H,O and ethyl acetate and the two phases were segaiBtte aqueous layer was washed with ethyl
acetate, and the organic phases were combinechandvashed with brine. The ethyl acetate layer was
dried over anhydrous sodium sulfate and evaportatedtyness under reduced pressure. Each crude
product was purified by chromatography using petrol ether/ethyl acetate, which yielded the

corresponding derivatives.

4.1.7. 4,4’-dihydroxy-2’,3'-dimethoxy [1,1:4’,1*terphenyl]-3-carboxylic acid
methyl esterX)

The resulting residue was purified by silica gelochatography (10/1 PET/EtOAc) to afford the
desired product as a white solid (55.6 f6: 178-180 °C*H NMR (600 MHz, (CR),CO, rt)$ 10.80
(s, 1H, OH), 8.43 (s, 1H, OH), 8.08 (s, 1H, H2)97(@,J = 8.4 Hz, 1H, H6) 7.46 (dl = 7.2 Hz, 2H,
H2”, H6"), 7.16(s, 2H, H5’, H6’), 7.07 (d] = 8.4 Hz, 1H, H5) 6.94 (d, = 7.8 Hz, 2H, H3", H5"), 4.01
(s, 3H, COOCH), 3.70 (s, 3H, OCH), 3.67 (s, 3H, OCH *°C NMR (150 MHz, (CR),CO, rt) 5
170.5 (CO), 160.7 (C4), 156.9 (C4"), 151.07 (C2%1.06 (C3),136.7 (C6), 135.5 (C2), 133.3 (C1"),
130.2 (C27), 130.2 (C6"), 130.1 (C1), 129.3 (C1IR9.1 (C4’), 125.3 (C6), 124.9 (C5’), 117.2 (C5),
115.1 (C3”), 115.1 (C5”), 112.1 (C3), 60.0 (COB5), 59.8 (QCH3), 52.1 (QCHs); HRMS (ESI)m/z

[M+H] " Calcd. for G,H»,06: 381.1338, Found: 381.1359.

4.1.8. 3,4”-dihydroxy-2’,3’-dimethoxy [1,1:4’,1‘terphenyl]-4- carboxylic acid
methyl ester2)

The resulting residue was purified by silica gelochatography (10/1 PET/EtOAc) to afford the
desired product as a white solid (62.1 B 140-142 °C*H NMR (600 MHz, (CR),CO, rt)$ 10.79

(s, 1H, OH), 8.45 (s, 1H, OH), 7.91 @= 8.4 Hz, 1H, H2) 7.47 (d] = 8.4 Hz, 2H, H2", H6"),
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7.18~7.21 (brs, 4H, H5, H5', H6, H6"), 6.95 (tiz 8.4 Hz, 2H, H3", H5") 4.01 (s, 3H, CO®®), 3.73
(s, 3H, OCH), 3.67 (s, 3H, OCH. *C NMR (150 MHz, (CR),CO, rt)s 170.4 (CO), 161.3 (C3),
157.0 (C4"), 151.3 (C2’), 151.1 (C3’), 146.0 (C186.5 (C1”), 133.2 (C1’), 130.2 (C2"), 130.2 (C6"),
129.5 (C5), 128.9 (C4'), 125.3 (C6), 125.1 (CHIR0.4 (C6), 117.6 (C2), 115.1 (C3"), 115.1 (C5"),
110.9 (C4), 60.3 (COCHs), 59.8 (OCH), 52.0 (OCH) ; HRMS (ESI)m/z [M+H]" Calcd. for

CyoH»106: 381.1338, Found: 381.1334.

4.1.9. 4,4”-dihydroxy-2’,3’-dimethoxy [1,1":4’,1‘terphenyl]- 3-carboxylic acid3)

The resulting residue was purified by sephadex DHzBromatography (1/1 MeOH/Acetone) to
afford the desired product as a grey white solid{5%): mp 250-253 °C;'H NMR (600 MHz,
(CD,),CO, rt)5 11.18 (s, 1H, OH), 8.50 (s, 1H, OH), 8.15 (s, H2), 7.80 (d,J = 9 Hz, 1H, H6),
7.47(d,J = 7.8 Hz, 2H, H2", H6"), 7.19 (d] = 9.6 Hz, 1H, H5’), 7.17 (d] = 9.6 Hz, 1H, H6’), 7.07(d,
J =9 Hz, 1H, H5), 6.95 (d] = 7.2 Hz, 2H, H3", H5"), 3.72 (s, 3H, OCH), 3.6&s, 3H, OCH); *°C
NMR (150 MHz, (CR),CO, rt)s 171.8 (CO), 161.3 (C4), 156.8 (C4”), 151.1 (C251.1 (C3’), 136.8
(C6), 135.4 (C1”), 133.3 (C1), 130.7 (C2), 130.27G 130.2 (C6"), 129.2 (C4’), 129.1 (C1’), 125.3
(C57), 124.9 (C6’), 117.1 (C5), 115.0 (C3"), 11505"), 112.0 (C3), 60.0 (OCH 59.8 (OCH);

HRMS (ES)m/z[M+H]* Calcd. for G;H10s 367.1182, Found: 367.1180.

4.1.10. 3,4”-dihydroxy-2’,3’-dimethoxy [1,1:4",}terphenyl]- 4-carboxylic acid4)
The resulting residue was purified by sephadex DH:Bromatography (1/1 MeOH/Acetone) to
afford the desired product as a grey white solif.37%):mp 244-247 °C;H NMR (600 MHz,
(CDy),CO, 1) 7.97 (d,J = 7.8 Hz, 1H, H6), 7.48 (dl = 7.8 Hz, 2H, H2", H6"), 7.19~7.22 (m, 4H,
H2, H3', H5, H5'), 6.95 (dJ = 7.2 Hz, 2H, H3", H5"), 3.74 (s, 3H, OCH), 3.6§s, 3H, OCH); °C
NMR (150 MHz, (CR),CO, rt)s 171.6 (CO), 161.7 (C3), 156.9 (C4"), 151.3 (C351.1 (C2’), 146.0
(C1), 136.4 (C1"), 133.2 (C4’), 130.2 (C2"), 13q@6"), 130.0 (C5), 128.9 (C1’), 125.3 (C5'), 125.1
(C6’), 120.3 (C6), 117.5 (C2), 115.0 (C3"), 115@6(), 110.8 (C4); HRMS (ESI)n/z[M-H] Calcd.

for CyH,06: 365.1025, Found: 365.1029.

4.1.11. 2°,3,4,4"-tetrahydroxy [1,1:4’,1"-terplenyl]-3-carboxylic acid %)
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The reaction maxture was poured into ice water,thadesulting precipitate was filtered to afford
the desired product as a grey white solid (63.1%p:> 260 °C;'H NMR (600 MHz, (CD),CO, rt)$
8.20 (s, 1H, H2), 7.83 (d,= 8.4 Hz, 1H, H6), 7.46 (d,= 7.8 Hz, 2H, H2", H6"), 7.05 (d] = 8.4 Hz,
1H, H5), 6.91~6.93 (3H, H3”, H5", H6’) 6.88 (dj = 7.8 Hz, 1H, H5);*C NMR (150 MHz,
(CDs3),CO, 11)§ 171.7 (CO), 160.9 (C4), 156.5 (C4"), 142.7 (C232.2 (C3’), 136.9 (C6), 130.7 (C2),
130.3 (C2"), 130.3 (C6"), 129.6 (C1"), 129.3 (C1p8.2 (C4’), 126.1 (C1’), 121.2 (C5’), 120.9 (C6),
117.0 (C5), 115.1 (C3"), 115.1 (C5"), 111.9 (C3)RMS (ESI) m/z [M-H]™ Calcd. for GgH130s:

337.0712, Found: 337.0704.

4.1.12. 2’,3,3,4"-tetrahydroxy [1,1":4’,1"-terplenyl]-4-carboxylic acid §)

The resulting residue was purified by sephadex DHzBromatography (1/1 MeOH/Acetone) to
afford the desired product as a grey white solif.{8%): mp > 260 °C}H NMR (600 MHz,
(CD,),CO, rt)5 7.95 (d,J = 8.4 Hz, 1H, H6), 7.46 (d,= 7.8 Hz, 2H, H2", H6"), 7.28 (s, 1H, H2), 7.25
(d, J = 8.4 Hz, 1H, H5), 6.98 (d = 8.4 Hz, 1H, H5’), 6.93 (d] = 7.8 Hz, 2H, H3", H5"), 6.89 (d] =
8.4 Hz, 1H, H6");**C NMR (150 MHz, (CR),CO, rt)s 171.7 (CO), 161.9 (C3), 156.8 (C4"), 146.5
(C1), 143.2 (C3’), 142.4 (C2'), 130.3 (C2"), 13(36"), 130.1 (C5), 129.3 (C4’), 129.1 (C1’), 125.9
(C1"), 121.2 (C5’), 121.0 (C6’), 120.2 (C6), 117®B2), 115.2 (C3”), 115.2 (C5”), 110.5 (C4); HRMS

(ESI) m/z[M-H] " Calcd. for GgH130s: 337.0712, Found: 337.0713.

4.1.13. 2°,3,3,4-tetramethoxy[1,1:4’,1"-terpheljy4”-carboxylic acid (7)

The resulting residue was purified by silica gelochatography (10/1 PET/EtOAc) to afford the
desired product as a white solid (21.1 #): 241-243 °C'*H NMR (600 MHz, DMSOd6, rt) § 13.00
(s, 1H, COOH), 8.04 (d] = 8.4 Hz, 2H, H2", H6"), 7.68 (d] = 8.4 Hz, 2H, H3", H5") 7.24 (d] = 8.4
Hz, 1H, H6"), 7.21 (dJ = 7.8 Hz, 1H, H5), 7.16 (s, 1H, H2), 7.12 (t& 8.4 Hz, 1H, H6), 7.06 (d,=
8.4 Hz, 1H, H5), 3.82 (s, 6H, ®G), 3.66 (s, 3H, OH3), 3.65 (s, 3H, OH3); °C NMR (150 MHz,
DMSO-d6, rt) 8 167.7 (CO), 151.2 (C3), 151.1 (C4), 148.8 (C238T5 (C6'), 142.5 (C1"), 136.0
(C1), 133.9 (C4”), 130.2 (C1’), 129.9 (C4’), 129®2"), 129.8 (C6"), 129.6 (C3"), 129.6 (C5"), 125.9

(C6), 125.7 (C6'), 121.6 (C5'), 113.1 (C2), 11205}, 61.1 (@Hs), 60.9 (QCH:), 56.0 (QCH:), 56.0
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(OCH3); HRMS (ESI) m/z [M+H]" Calcd. for G3H,0s: Calcd. for GiH,»s0s: 395.1495, Found:

395.1485.

4.1.14. 2’,3,3 ,4-tetrahydroxy [1,1:4’,1"-terpheyt] -4”-carboxylic acid @)

The resulting residue was purified by sephadex DHzBromatography (1/1 MeOH/Acetone) to
afford the desired product as a white solid (73)3 #p > 260 °C;'H NMR (600 MHz, CROD, rt)
8.08 (d,J = 7.2 Hz, 2H, H2", H6"), 7.75 (d] = 7.8 Hz, 2H, H3", H5”), 7.09 (s, 1H, H2), 6.95, (=
7.8 Hz, 1H, H6), 6.90 (d] = 7.8 Hz, 1H, H5), 6.86 (d] = 7.2 Hz, 1H, H6’), 6.85 (d] = 6.6 Hz, 1H,
H5); *C NMR (150 MHz, CROD, rt) 5 168.6 (CO), 144.7 (C4), 144.4 (C3), 143.8 (C32332
(C27), 142.3 (C1"), 130.0 (C1), 129.4 (C4"), 12922"), 129.2 (C6"), 128.8 (C3"), 128.8 (C5"), 128.4
(C4), 126.2 (C1), 121.0 (C5'), 120.9 (C6’), 120(€6), 116.0 (C2), 114.9 (C5); HRMS (ESt)/z

[M-H] " Calcd. for GgH130e: 337.0712, Found: 337.0718.

4.1.15. 3,3"-dinitro-2’,3’-dimethoxy -4,4"-dihydxy [1,1:4’,1"-terphenyl] )

The resulting residue was purified by silica gelochatography (10/1 PET/EtOAc) to afford the
desired product as a grey yellow solid (43.6 §%): 175-177 °C*H NMR (600 MHz, CDC}, rt) &
10.67 (s, 2H, OH), 8.36 (s, 2H, H2, H2"), 7.88d; 8.4 Hz, 2H, H6, H6"), 7.26 (d,= 9 Hz, 2H, H5,
H5"), 7.19 (s, 2H, H5’, H6’); *¥*C NMR (150 MHz, CDGJ, rt) § 154.4 (C4), 154.4 (C4"), 151.1 (C2)),
151.1 (C3’), 138.7 (C6), 138.7 (C6"), 133.5 (C33315 (C3"), 133.4 (C1), 133.4 (C1"), 130.1 (C1),
130.1 (C4’), 125.2 (C2), 125.2 (C2”), 125.1 (CHR5.1 (C6’), 119.8 (C5), 119.8 (C5”); HRMS (ESI)

m/z[M-H]™ Calcd. for GoH1sN,Og: 411.0828, Found: 411.0832.

4.1.16. 4,4”-dihydroxy-2’,3’-diethoxy [1,1:4’,1*terphenyl] 10)

The resulting residue was purified by silica getathatography (5/1 PET/EtOAc) to afford the
product as a white solid then was purified by sepka_H-20 chromatography (MeOH) to afford the
desired product as a white solid (64.2 %): mp 103-1C;*H NMR (600 MHz, CD30D, rtp7.43(d,J
= 8.4 Hz, 4H, H2, H2", H6, H6"), 7.09(s, 2H, H5',6H, 6.86(d,J = 8.4 Hz, 4H, H3, H3", H5, H5"),
3.84(q,J = 7.2 Hz, 4H, OEl,), 1.18(t,J = 7.2 Hz, 6H, Ei5). **C NMR (150 MHz, CD30D, rt} 156.4

(C4), 156.4 (C4”), 150.0 (C2"), 150.0 (C3’), 13§01), 135.0 (C1”), 130.0 (C2), 130.0 (C2”), 130.0
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(C6), 130.0 (C6”), 129.5 (C1’), 129.5 (C4’), 124©5’), 124.9 (C6’), 114.5 (C3), 114.5 (C3"), 114.5
(C5), 114.5 (C5”), 68.4 (OH,), 68.4 (QCH,), 14.6 CHs), 14.6 CHa); HRMS (ESI) m/z [M-H]

Calcd. for G,H»,04: 349.1440, Found: 349.1455.

4.1.17. 3,3",4,4"-tetramethoxy-2’,3’-diethoxy [I;4’,1"-terphenyl] (11)

The resulting residue was purified by silica gedlochatography (10/1 PET/EtOAc) to afford the
desired product as a withe solid (31.2 %): mp 102-IC.*H NMR (600 MHz, CDCI3, rtp 7.26 (d,J
= 1.8 Hz, 2H, H2, H2"), 7.16 (s, 2H, H5', H6'), BXdd,J = 8.4, 1.8 Hz, 2H, H6, H6"), 6.96 (d,=
8.4 Hz, 2H, H5, H5") , 3.96 (s, 6H,@H;), 3.95 (s, 6H, @Hy), 3.85 (q,J = 7.2 Hz,4H, OEl,), 1.23
(t,6H, CHCH3). *C NMR (150 MHz, CDCI3, rtp 150.3 (C3), 150.3 (C3"), 148.3 (C4), 148.3 (C4"),
148.2 (C2"), 148.2 (C3'), 135.1 (C1), 135.1 (C1TR1.1 (C1’), 131.1 (C4’), 125.3 (C6), 125.3 (C6"),
121.4 (C5’), 121.4 (C6'), 112.6 (C2), 112.6 (C21)10.8 (C5), 110.8 (C5"), 69.0 @H,CHs), 69.0
(OCH,CHs), 55.9 (GCH3), 55.9 (GCH3), 55.9 (QCHj), 55.9 (GCHj), 15.9 (OCHCHs), 15.9

(OCH,CHy); HRMS (ESI)m/z[M+H]* Calcd. for GeHz10s: 439.2120, Found: 439.2119.

4.1.18. 4,4”-dihydroxy-2’,3’-dimethoxy [1,1:4’, }terphenyl] (12)

The resulting residue was purified by silica gelochatography (10/1 PET/EtOAc) to afford the
product as a white solid then was purified by sepka.H-20 chromatography (MeOH) to afford the
desired product as a white solid (41.6 %): mp 188-IC;'H NMR (600 MHz, CD30OD, rtp 7.42(d,J
= 8.4 Hz, 4H, H2, H2", H6, H6"), 7.10(s, 2H, H5’ B66.86(d,J = 8.4 Hz, 4H, H3, H3", H5, H5"),
3.65(s, 6H, OEl5). °C NMR (150 MHz, CD30D, rtp 156.5 (C4), 156.5 (C4”), 150.8 (C2’), 150.8
(C37), 134.7 (C1), 134.7 (C1"), 129.9 (C2), 129¢xY), 129.9 (C6), 129.9 (C6"), 129.3 (C1), 129.3
(C4), 125.0 (C5’), 125.0 (C6’), 114.6 (C3), 114®3"), 114.6 (C5), 114.6 (C5"), 59.6 (M), 59.6

(OCHs); HRMS (ESI)m/z[M-H] ™ Calcd. for GoH1704 321.1127, Found: 321.1145.

4.1.19. 4,4”-dimethoxy-2’,3’-diacetoxy[1,1":4’,2terphenyl] @3)
The resulting residue was purified by silica getochatography (5/1 PET/EtOAc) to afford the
desired product as a withe solid (28.9 %): mp 188-1C;*H NMR (600 MHz, CDCI3, rt) 7.43(d,J

= 7.8 Hz, 4H, H2, H2", H6, H6"), 7.35(s, 2H, H5’ B66.98(d,J = 7.8 Hz, 4H, H3, H3", H5, H5"),
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3.87(s, 4H, O€l;) , 2.14(S, 6H OCOR3). **C NMR (150 MHz, CDCI3, rtp 168.3 (CO), 168.3 (CO),
159.2 (C4), 159.2 (C4"), 140.4 (C2’), 140.4 (C3B4.9 (C1)), 134.9 (C4’), 129.9 (C2), 129.9 (C2”),
129.9 (C6), 129.9 (C6”), 129.2 (C1), 129.2 (C12718 (C5'), 127.8 (C6’), 113.9 (C3), 113.9 (C3"),
113.9 (C5), 113.9 (C5”), 55.3 (@Ms), 55.3 (QCH3), 20.5 (CATH;), 20.5 (CACH;) HRMS (ESI)m/z

[M+Na]" Calcd. for G,H,,0sNa: 429.1314, Found: 429.1302.

4.1.20. 3,3",4,4"-tetramethoxy-2’,3’-diacetoxy[ll;4’,1"-terphenyl] (14)

The resulting residue was purified by silica getathatography (3/1 PET/EtOAc) to afford the
desired product as a withe solid (19.4 %): mp 198-iC;*H NMR (600 MHz, CDCI3, rt)5 7.38(s,
2H, H5', H6"), 7.05(d,J = 8.4 Hz, 2H, H6, H6"), 7.02(s, 2H, H2, H2"), 6(@5J = 7.8 Hz, 2H, H5,
H5") , 3.95(s, 6H, OE3), 3.92(s, 6H, O85), 2.15(s, 6H, COH3). 13C NMR (150 MHz, CDCI3, rt)
5 168.3 (CO), 168.3 (CO), 148.7 (C3), 148.7 (C3385 (C4), 148.6 (C4"), 140.4 (C2’), 140.4 (C3)),
135.2 (C1’), 135.2 (C4’), 129.5 (C1), 129.5 (C11R7.9 (C5'), 127.9 (C6’), 121.2 (C6), 121.2 (C6"),
111.9 (C2), 111.9 (C2”), 111.1 (C5), 111.1 (C5"5.% (OCHj), 55.9 (QCH,), 55.9 (GCHs), 55.9
(OCHg), 20.6 (CGCH3), 20.6 (CACH3) HRMS (ESI)m/z[M+Na]" Calcd. for GeH,cOgNa: 489.1526,

Found: 489.1511.

4.1.21.[1,1:4',1"-Terphenyl]- 2°,3',4,4"-tetraol(15)

The resulting residue was purified by recrystatlmain acetone to afford the desired product as a
withe solid (52.1%): mp > 260 °C;'H NMR (600 MHz, (CR),CO, rt)8 7.46 (d,J = 7.8 Hz, 4H, H2,
H2", H6, H6"), 6.91 (d,J = 7.8 Hz, 4H, H3, H3”, H5, H5"), 6.84 (s, 2H, H#46’); °C NMR (150
MHz, (CD;),CO, rt) § 156.4 (C4), 156.4 (C4"), 142.3 (C2’), 142.3 (C31130.2 (C2), 130.2 (C2"),
130.2 (C6), 130.2 (C6"), 129.6 (C1), 129.6 (C172714 (C1’), 127.4 (C4’), 121.0 (C5’), 121.0 (C6),
115.0 (C3), 115.0 (C3"), 115.0 (C5), 115.0 (C5")RMS (ESI) m/z [M-H]™ Calcd. for GgH1304:

293.0814, Found: 293.0809.

4.1.22. 2',3,3,3",4,4”-hexamethoxy-[1,1:4",1'terphenyl] (6)
The resulting residue was purified by silica gedochatography (15/1 PET/EtOAc) to afford the

desired product as a withe solid (12.3 B 130-132 °C'H NMR (600 MHz, (CR),CO, rt)8 7.22 (s,
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2H, H5', H6"), 7.17 (s, 2H, H2, H2"), 7.14 (d,= 8.4 Hz, 2H, H6, H6") 7.03 (d] = 8.4 Hz, 2H, H5,
H5"), 3.88 (s, 6H, OCH), 3.87 (s, 6H, OCH}, 3.70 (s, 6H, OCH **C NMR (150 MHz, (CR),CO,
r) 5 151.1 (C3), 151.1 (C3"),149.1 (C2'), 149.1 (C31%8.9 (C4), 148.9 (C4"), 134.8 (C1), 134.8
(C17), 130.8 (C1"), 130.8 (C4’), 125.2 (C6), 125@6"), 121.4 (C5’), 121.4 (C6’), 113.2 (C2), 113.2
(C2"), 111.6 (C5), 111.6 (C5"), 59.9 @), 59.9 (GCH3), 55.3 (QCH5), 55.3 (GCH3), 55.2 (QCH,),

55.2 (OCHs) ; HRMS (ESI)m/z[M+H]* Calcd. for GsH,,0s: 411.1808, Found: 411.1814.

4.1.23.[1,1:4',1"-Terphenyl]-2’,3,3,3",4,4"-hexaol (17)

The resulting residue was purified by sephadex OHzBromatography (1/1 MeOH/GEL) to
afford the desired product as a grey white sol@@®6):mp > 260 °C;H NMR (600 MHz, (CR),CO,
rt) § 7.98 (s, 2H, OH), 7.91 (s, 2H, OH), 7.43 (s, 2HH)07.13 (s, 2H, H5',H6"), 6.95 (d] = 8.4 Hz,
2H, H5, H5"), 6.88 (dJ = 8.4 Hz, 2H, H6, H6"), 6.81 (s, 2H, H3, H3")**C NMR (150 MHz,
(CD,),CO, rt)§ 144.7 (C4), 144.7 (C4”), 144.3 (C3), 144.3 (C342.3 (C2’), 142.3 (C3'), 130.2
(C1), 130.2 (C17), 127.4 (C1"), 127.4 (C4’), 12(86), 120.8 (C6"), 120.7 (C5’), 120.7 (C6’), 116.3
(C2), 116.3 (C2”), 115.2 (C6), 115.2 (C6"); HRMSSEm/z[M-H] " Calcd. for GgH130s: 325.0712,

Found: 325.0708.

4.1.24. dimethyl biphenyl-4,4'-dicarboxylafe)

The resulting residue was purified by silica getorhatography (5/1 PET/EtOAc) to afford the
desired product as a withe solid (29.7 %jp 108-110 °C*H NMR (600 MHz, CDC}, rt) 5 8.15 (d,J
= 8.4 Hz, 4H, H3, H3', H5, H5'), 7.71 (d,= 8.4 Hz, 4H, H2, H2’, H6, H6’), 3.97 (s, 6H, OQH *°C
NMR (150 MHz, CDC}, rt) § 166.8 (CO), 166.8 (CO), 144.3 (C1), 144.3 (C13p2 (C2), 130.2
(C2), 130.2 (C6), 130.2 (C6’), 129.7 (C4), 129@4(), 127.2 (C3), 127.2 (C3'), 127.2 (C5), 127.2
(C5’), 52.2 (QCHs), 52.2 (Q@CH5) ; HRMS (ESI)m/z[M+H]" Calcd. for GeH104: 271.0970, Found:

271.0977.

4.1.25. 2,3,3',4'-tetramethoxybipheni®)
The resulting residue was purified by silica gedlochatography (15/1 PET/EtOAc) to afford the

desired product as a yellow oil (10.4 %% NMR (600 MHz, (CR),CO, rt)§ 7.15 (s, 1H, H2),
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7.06~7.11 (m, 2H, H6, H6"), 6.99~7.02 (t, 2H, H5%'H6.94 (d,J = 7.8 Hz, 1H, H4"), 3.89 (s, 3H),
3.86 (s, 6H), 3.61 (s, 3H)"C NMR (150 MHz, (CR),CO, rt)$ 153.4 (C2’), 148.9 (C3'), 148.8 (C3),
146.6 (C4), 135.5 (C1), 131.1 (C1’), 123.9 (C6'p212 (C5'), 121.4 (C6), 113.4 (C5), 111.6 (C2),

111.6 (C4’), 59.6 (@Hs), 55.3 (GCH3), 55.2 (QCHa), 55.19 (GCHS).

4.1.26. 3,3'-dinitro -4,4”-dihydroxy dipheny2Q)

The resulting residue was purified by silica gelochatography (15/1 PET/EtOAc) to afford the
desired product as a yellow solid (25.5 #jx > 260 °C;H NMR (600 MHz, DMSOd6, rt) 511.16 (s,
2H, OH), 8.15 (s, 2H, H2, H2"), 7.87 (d,= 8.4 Hz, 2H, H6, H6’), 7.20 (dl = 9 Hz, 2H, H5, H5');
%C NMR (150 MHz, DMSOd6,, rt) § 151.7 (C4), 151.7 (C4’), 137.9 (C3), 137.9 (C3B3.2 (C6),

133.2 (C6), 129.5 (C1), 129.5 (C1"), 122.9 (C2219 (C2’), 120.1 (C5), 120.1 (C5").

4.1.27. methyl 2-hydroxy-5-(4,4,5,5-tetramethyl-2-@oxaborolan-2-yl)benzoate
(21)

The resulting residue was purified by silica gelochatography (15/1 PET/EtOAc) to afford the
desired product as a withe solid (53.3 %):NMR (600 MHz, CDCJ) & 11.01 (s, 1H), 8.31 (s, 1H),
7.88 (dd,J = 7.4, 1.2 Hz, 1H), 6.97 (d,= 7.4 Hz, 1H), 3.95 (s, 3H), 1.34 (s, 12H}°C NMR (150

MHz, CDCL) 6 170.7, 164.0, 141.96, 137.3, 117.1, 112.1, 83 &,77.0, 76.8, 52.2, 24.9.

4.1.28. methyl 2-hydroxy-4-(4,4,5,5-tetramethyl-2-@oxaborolan-2-yl)benzoate
(22)

The crude product was purified by chromatographngupetroleum ether/ethyl acetate 30:1 to
yield the corresponding derivatives (41.1%).NMR (600 MHz, CDC}, rt) 5 10.62 (s, 1H), 7.83 (d}

= 6.8 Hz, 1H), 7.44 (s, 1H), 7.30 @= 6.8 Hz, 1H), 3.97 (s, 3H), 1.37 (s, 12H).

4.1.29. 4-bromo-2,3,3',4'-tetramethoxybipher2g) (
The resulting residue was purified by silica gelochatography (15/1 PET/EtOAc) to afford the
desired product as a withe solid (73.3 %):NMR (600 MHz, Acetonep 7.35 (d,J = 8.4 Hz, 1H,

H6), 7.17 (s, 1H, H2), 7.06~7.09 (2H, H5', H6")0B.(d,J = 8.4 Hz, 1H, H5), 3.92 (s, 3H, OGH
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3.86 (s, 6H, OCH), 3.66 (s, 3H, OCH; °C NMR (150 MHz, Acetone} 151.8 (C3’), 151.1 (C2),
149.2 (C3), 149.1 (C4), 135.9 (C1), 129.8 (C1')712(C5'), 126.4 (C6’), 121.4 (C6), 115.7 (C4),

113.0 (C2), 111.7 (C5), 60.2 (i), 60.17 (QCH,), 55.4 (GCH5), 55.3 (QCHy).

4.1.30. 1,4-dibromo-2,3-diethoxybenzed@) (

0°C, 1,2-Benzenediol,3,6-dibromo (360mg), anhydroogsium carbonate (747mg), anhydrous
acetone (3ml), diethyl sulfate (0.71ml). After begistirred overnight, the mixture was quenched with
sufficient quantum aqueous ammonia and extractéld ethyl acetate. The aqueous layer was washed
with ethyl acetate. The organic phases were cordbim@&ashed with brine, dried over anhydrous
sodium sulfate and evaporated to dryness undercegdpressure. The crude product was purified by
chromatography using petroleum ether/ethyl aceffiel to yield the corresponding derivatives
(71.1%)."H NMR (600 MHz, CDC}, rt) & 7.19(s, 2H), 4.14(q, 4H), 1.44(t, 6HJC NMR (150 MHz,

CDCls, rt) 6 151.0, 151.0, 128.5, 128.5, 117.5, 117.5, 69.7,6%.7, 15.7.

4.1.31. 3,6-dibromo-1,2-phenylene diacet@® (

3,6-dibromobenzene-1,2-diol [13] was acetylatecbstic anhydride gaine?i.

4.2. Biological Assay

4.2.1. In vitro cytotoxicity assays

The cytotoxicity was measured by the MTT assayessidbed in the literature [18, 19]. The cells
plated in the wells of 96-well plates (Falcon, USMere treated in ftriplicate with various
concentrations of compounds for 72 h in 5% ,d@cubator at 37°C. After fresh medium being
changed, a 2QL aliquot of MTT solution (5 mg/mL) was added amdubated for 4 h at 37°C. Then,
100 pL of triplex solution (10% SDS, 5% isobutanol, 12MmHCI) was added to each well and
incubated overnight at 37°C. The absorbance of e#lh was determined by a microplate reader

(M-3350, Bio-Rad) with a 590 nm wavelength. Grovitthibition rates were calculated with the

_ OD control well- OD treated well
Inhibition rate= x100%
following equation: OD control well- OD blank well
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4.2.2. DNA gel electrophoresis assay of topoisosesa
Plasmid pBR322 DNA and purified calf thymus DNA TORvere purchased from TakaRa
Biotechnology (Dalian) Co., Ltd., recombinant hum&@P2: was obtained from TopoGENINC

(USA). All experiments were done at least in dugtlcto confirm the results.

4.2.3. DNA relaxation assay

DNA TOP1 inhibition assay was performed as desdri@eviously [20] with minor
modifications. The test compounds were dissolveDMSO at 20 mM as stock solution. The activity
of DNA TOP1 was determined by assessing the rataxaf supercoiled DNA pBR322. The mixture
of 0.5ug of plasmid pBR322 DNA and 1 units of TOP1 wasulmated without and with the prepared
compounds at 37 °C for 30 min in the relaxationféruf10 mM Tris-HCI (pH 7.9), 150 mM NacCl,
0.1% bovine serum albumin, 1 mM spermidine, 5% @flg). The reaction in the final volume of 20
uL was terminated by adding 2.pL of the stop solution containing 5% sarcosyl, Q%%
bromophenol blue, and 25% glycerol. DNA samplesewtben electrophoresed on a 1% agarose gel at
5V /em for 2 h with a running buffer of TAE. Gelgere stained for 30 min in an aqueous solution of
ethidium bromide (0.;ng/mL) and photographed under UV light.

DNA TOP2y inhibitory activity of compounds was measureda®iws [21]. Briefly, the mixture
of 0.5ug of supercoiled pBR322 plasmid DNA and 1 unit§ P2y was incubated without and with
the prepared compounds in the assay buffer (10 mstHCI (pH 7.9) containing 50 mM NacCl, 50
mM KCI, 5 mM MgCh, 1 mM EDTA, 1 mM ATP, and 15 Ig/mL bovine serunb@inin) for 30 min at
30 °C. The reaction in a final volume of 2D was terminated by the addition oft8 of 7 mM EDTA.
Reaction products were analyzed on a 1% agarosa §eV /cm for 2 h with a running buffer of TAE.
Gels were stained for 30 min in an aqueous soluttbnethidium bromide (0.5ug/mL) and

photographed under UV light.

4.3. DOCK

The molecular docking was conducted using AutoDdila 1.1.2 [22] an open-source program

for doing molecular docking. Compountig and X3 were ultimately converted to the PDBQT format
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using AutoDock Tools 1.5.6 [http:/mgltools.scripgrfu], which is required for AutoDock Vina. The
3-dimensional (3D) structure of TOP1 and T@P&ere downloaded from the Protein Data Bank
(PDBID: 1T8I and 4FM9, respectively). Using Autolodools, the PDB (1T8l) structure was
converted from a pdb file to a pdbqt file and tharsh grid was identified as center_x: 21.95, cepte
-4.434, and center_z: 27.801 with dimensions sizel& size_y: 16, and size_z: 16. Then the
compound17 and X3 were docked into the binding site of topoisomerfise as described for
topoisomerase |. The grid site and dimensions amec_x: 26.529, center_y: 103.004, and center_z:
36.787 and size x: 16, size_y: 16, and size_z: ddpeactively. For Vina docking, the default
parameters were used if it was not mentioned [23, Phe best-scoring pose as judged by the Vina

docking score was chosen and visually analyzedyuByMOL.

4.4. 3D-QSAR Modeling and Validation

Sybyl X 1.1 was used to perform the 3D-QSAR anayfevo complementary methods were
used: the Comparative Molecular Field Analysis (EagWI and the Comparative Molecular Similarity
Indices Analysis (CoMSIA) [25]. For CoMFA field geration, we used the standard steric and
electrostatic fields. The steric, electrostaticditmphobic, hydrogen bond donor and hydrogen bond
acceptor fields were used for CoMSIA. Gasteigerkélicharges were assigned to all compounds.
Other field settings were default. Partial leastezgs (PLS) regression methods were used to derive
models in this study. Leave-one-out (LOO) crosseladion was used to identify the optimum number
of components. LOO approaches evaluate the préditteand over fitting of a regression model with
the cross-validated correlation coefficieqft The non-cross-validated models were built witke th
optimum number of components over the entire tnginset and evaluated with the correlation
coefficient ¢%), standard error of estimate (SEE), and F-testevalhe resulting models were further
validated using a test set of 10 compounds. Thdigtiee r? (rzpred) indicates the correlation between

the predicted and experimental activities of thist set.
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Figure 1. Compoundd-20 andX1-3.

Figure2. TOP1 @) and TOP2 (B) inhibitory effects of compounds 12 and17 in agarose relaxation
assay. Negatively supercoiled pBR322 (SC) and eela®NA (RLX) are shown. 100 uM OPT

(10-hydroxy camptothecin) and VP16 (etoposide) veanployed as positive controls.

Figure 3. Compoundd7 andX3 were docked into the TOP1 (A) and T@RB)binding pockets.
Compoundl? is shown in gray and compouia is displayed in cyan. The docking results are

illustrated by PyMoL [http://www.pymol.org/].

Figure 4. Structure of compounds1-5

Figure5. Scatter plots of predicted pl@values vs. experimental pJQvalues. The plots were obtained

from the CoMFA (A) and CoMSIA (B) models. The triaig set contains 13 compounds (black

squares), and the test set contains 10 compouedsri@angles).

Figure 6. Contour maps of the CoMFA (A) and CoMSIA (B) misdeith compoundL7. The green

and yellow contours represent favorable and unfersteric substitutions, respectively, whereas th

red and blue contours indicate a favorable effeshimoreelectronegative anthoreelectropositive

substitutions, respectively.

Scheme 1-4. Synthesis route of compounds 1220

Table 1. Effect of compound4-20 on MDA-MB-435 cell proliferatiof

Table 2. Summary of 3D-QSAR model statistics.

Table 3. Experimental plG,and predicted plé; values of the training set from the CoMFA and

CoMSIA models
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Table 4. Experimental plG, and predicted plé values of the test set from the CoMFA and CoMSIA

models?
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Table 1. The effect of compoundis 20 on the proliferations of MDA-MB-435 cefls

Compound 1G (uM) Compound Gy (uM) Compound 1G, (uM)

1 44.80+1.48 8 >100 15 >100

2 20.90+1.36 9 61.80+2.83 16 90.80+1.57

3 >100 10 41.80+1.39 17 3.96+1.07

4 >100 n >100 18 >100

5 99.80+2.91 12 14.70+1.53 19 23.10+£1.28

6 36.80+1.79 13 96.80+2.97 20 >100

7 >100 14 >100 VP-16  2.81+1.65

#The cytotoxicity of compounds was expressed ag The IG is defined as the concentration of compound that
resulted in 50% inhibition of growth rate. Valuespresent means+SD of three individual experimevies.16
(etoposide) was used as positive compound.



Table 2. Summary of 3D-QSAR Model Statistics

Statistical parameter€oMFA(ICsg) COMSIA(ICs)

no. of components 4 5
2 (cross-validated®)  0.605 0.622
r? 0.998 0.994
std error of estimate 0.03 0.05
F value 960.9 242.5
r’orea (fOT test set) 0.74 0.66

8Cross-validated correlation coefficient from LOO.
®Non-cross-validated correlation coefficient.

‘Correlation coefficient for test set predictions.



Table 3. Experimental plG, and predicted plg; values of the training set from the CoMFA and
CoMSIA models.

CoMFA CoMSIA

Training set Experimentat
Predicted Residual Predicted Residual

3 4 3.99 0.01 3.941 0.059
4 4 4.05 -0.05 4.089 -0.089
5 4.0009 4.018 -0.0171 4.018 -0.0171
6 4.4342 4.404 0.0302 4.387 0.0472
8 4 3.981 0.019 4.005 -0.005
11 4 3.985 0.015 4.032 -0.032
12 4.8327 4.866 -0.0333 4.871 -0.0383
13 4.0141 3.997 0.0171 3.99 0.0241
15 4 3.982 0.018 3.997 0.003
16 4.0419 4.062 -0.0201 4.057 -0.0151
17 5.4023 5.406 -0.0037 5.387 0.0153
X2 4.6876 4.696 -0.0084 4.646 0.0416
X1 5.3872 5.363 0.0242 5.401 -0.0138

#plICso = —log (1Gy), if the 1G> 100, we determined the pjG= 4.
The 1G,values of compound X1 and X2 were 0.39 + 0.03 @B+ 6.03.



Table 4. Experimental plg, and predicted plg; values of the training set from the CoMFA and
CoMSIA models.

CoMFA CoMSIA

Training set Experimentat
Predicted Residual Predicted Residual

C1 4.4516 4.502 -0.0504 4.211 0.2406
Cc2 4.9974 4.809 0.1884 4.603 0.3944
C3 4.8901 4.786 0.1041 4.749 0.1411
C4 4.6461 4.713 -0.0669 4.361 0.2851
C5 4.9393 4.757 0.1823 4.404 0.5353
1 4.3487 4.302 0.0467 4.226 0.1227
2 4.6799 4.615 0.0649 4.452 0.2279
7 4 4.44 -0.44 4.187 -0.187

9 4.209 4.515 -0.306 4.292 -0.083
10 4.3788 4.476 -0.0972 4.295 0.0838

aplCso = —log (1Gy), if the 1G> 100, we determined the pJG= 4.
The IG,values of compounds C1-C5 were 35.35 + 2.16, 10.0684, 12.88 + 1.47, 22. 59 + 1.59 and 11.50 +
1.11.



Figure 1.

[1,1:4'1"-Terphenyl]-2',3,3',4,4"-pentaol ( X1 ):
R1=R2=R3= R4=R6=OH, R5=H
[1,1:4',1"-Terphenyl]- 4"-monol,2',3,3',4-tetmethoxy ( X2 ):
R1=R2=R3= R4=OCH3,R5=H, R6=OH
[1,1:4' 1"-Terphenyl]-3,4,4"-triol ( X3 ):
R1=R2= R6=OH, R3= R4=R5=H
. R1 = COOCH3, R2 = R6 = OH, R3 = R4 = OCH3, R5 =H
2: R1 = RG = OH, R2 = COOCH3, R3 = R4 = OCH3, R5 = H,

. R1 = COOH, R2 = RG = OH, R3 = R4 = OCH3, R5 =H
H _R6=OH, R2=COOH, R3=R4=OCH3, R5=H
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Figure4.
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Scheme 1-4.

Scheme 1
R, H3CO OCHj Scheme 3 O\B_B,O
o) / \
o 23 573 28 d
2 —>4 —£ g
21: Ry = COOCHj3, R, = OH Br NO2 step2 24
22: Ry = OH, R, = COOCH3 a
Scheme 2
Br Scheme 4
OCHj Hs;CO  OCH; OCH
OCHs 3 3 3
a
+(HO),B OCHz — Br O O OCH, Ri BOM) 10
OCHj3 25 e 1
Br 24 Rs 12
o o0 27: Ry = H, R, = OH Re R g3
/B—B 28: R1 =H, R2 = OCH3 14
o \O HSCOOCZABQBI-C 29: R1 - R2 - OCH3 Br Br
- . > 7 — 8 30: R; = Ry = OC,H5
d 31: Ry =R, = OCOCHj

24: R1 = R2 = OCH3

aReagents and conditions: (a) Pd-DPPF, KF-2H,0; (b) KOH, 50% MeOH; (c) -20° C, BBrj; (d) Pd-DPPF, KAc; (€) Pd-DPPF,
KF-2H,0.



Highlights

® Synthesisand evaluation of a series of novel terphenylsinhibited TOP.
® Theresults of 3D-QSAR analysis were consistent with Docking analysis.

®  The contour maps provide useful insight into designing novel TOP inhibitory.



CONTENTS

'H NMR Spectrum of COMPOUNT L..........oveeeeeeeeeeeeeeeee e 1
13C NMR Spectrum 0f COMPOUNT 1 ..........veeeeeeeeeeeeeeeee e seeees e 2
'H NMR Spectrum 0f COMPOUN 2............veeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e es e ee e se s se e 3
13C NMR SPectrum 0f COMPOUNT 2 ... eeeee e ee e se s 4
'H NMR Spectrum of COMPOUNG B..........ceeeeeieeeeeeeeeese e 5
B3C NMR SPectrum 0f COMPOUNG 3 .........eoveeeeeeeeeeeee e 6
'H NMR Spectrum of COMPOUNG 4..............veeeveeeeeeeeeeeee e 7
13C NMR SPectrum 0f COMPOUNT 4 ..ot 8
'H NMR Spectrum of COMPOUNG 5............veeeeeeeeeeeeeeeeeeeeeeeeee et es e 9
13C NMR SPeCtrum Of COMPOUNT 5 ... e eeeeee e es e ee et eseeeneo 10
'H NMR SPectrum of COMPOUNG B...........v.veieeeeeeeeeeeeeeeeeeeeee e eseeees s esee s 11
13C NMR SPectrum 0f COMPOUND 6 ............eveeeeeeeeeeeeeee e 12
'H NMR SPectrum of COMPOUNG 7...........oveveeeeeeeeeeeeeeeeeseee et 13
13C NMR SPectrum 0f COMPOUNT 7 .......vuveeeeeeeeeeeeeeeeeee e 14
'H NMR spectrum of COMPOUNG B............veeeeeeeeeeee e eese et 15
13C NMR SPectrum 0f COMPOUNG 8 ...........ceeeeeeeeeeeee e tess e seee e 16
'H NMR Spectrum of COMPOUNG O..........uveeeeieeeeeeeeeeeeeeesee e 17
13C NMR Spectrum 0f COMPOUND 9 .........veoeeeeeeeeeeeeeee et 18
'H NMR spectrum of COMPOUNG 10.............oveieeeeeeeeeeeeeeseeeeee e e eeees e 19
13C NMR spectrum of COMPOUNT 10 ...........oveeeeeeeeeeeeeeeeeeeeee e eeee s 20
'H NMR spectrum of COMPOUNT LL..........veeeeeeeeesiiseeeeeeseeeeeee e 21
13C NMR spectrum of COMPOUNT 11............oveiiueeeeei oo eeeeeeee e es e 22
'H NMR Spectrum of COMPOUNG 12.............oveieeeeeieeeeeeeeeeeee e eeees e 23
B3C NMR spectrum 0f COMPOUNG 12 ..o 24
'H NMR spectrum of COMPOUNG 13.......ovveveieeeeeeeeeeeeeeeee e eeees e 25
13C NMR Spectrum of COMPOUNT 13 ...........oveeeeeeeeeeeeeeeeeeeeeee e 26
'H NMR spectrum of COMPOUNT L4..........coreeeeeeeeeeeeeeeeeeeeeeeee e 27
13C NMR Spectrum of COMPOUNT 14 ...........oveeeeeeeeeeeeeeeeeeeeeee e ee e 28
'H NMR Spectrum of COMPOUNG 15.............oveieeeeeeeeeeeeeeeeeee e seees e 29
13C NMR spectrum 0f COMPOUND 15 ...........veoeeeeeeeeeeeeeeeee e eeees e 30
'H NMR Spectrum of COMPOUNG 16.............oveieeeeeeeeeeeeeeeeeeeeeee e es e 31
13C NMR Spectrum of COMPOUNT 16 ...........oveeeeeeeeeeeeeeeeeeeeeeeeee e esee e 32
'H NMR spectrum of COMPOUNT 17..........veeeeeeeeeeeeeeeeeeeeeeeeee e es e 33
13C NMR Spectrum 0f COMPOUNT 17 ... 34
'H NMR Spectrum of COMPOUNG 18.............oveieeeeeeeeeeeeeeeeeee e eeees e 35
13C NMR spectrum 0f COMPOUNG 18 ...........oeveeeeeeeeeeeeeeeee e 36
'H NMR spectrum of COMPOUNG 19.........c..oveieeeeeeeeeeeeeeseee e 37
13C NMR spectrum of COMPOUNT 19 ..........coveeeeeeeeeeeeeeeeeeeee e ee e 38
'H NMR spectrum of COMPOUNG 20.............ooveeeeeeeeeeeeeeee e eeee e esee e 39
13C NMR spectrum of COMPOUNT 20 ...........oveeeeeeeeeeeeeeeeeeeeeeeeeee e ee e 40
'H NMR Spectrum of COMPOUNG 21L...........veieeeeeeeeeeeeeeeseee e eeees s e 41
13C NMR spectrum 0f COMPOUNG 21 ... 42
'H NMR Spectrum of COMPOUNG 22............oveieeeeeeeeeeeeeseeeeeee e ee s 43
'H NMR spectrum of COMPOUNG 25.............ovveieeeeeeeeeeeeeeeeeeeeeeeeee e es e 44
13C NMR Spectrum 0f COMPOUNT 25 ..........oveeeeeeeeeeeeeeeeeeeeee e ee e ee s 45
'H NMR spectrum of COMPOUNT B0.............ovveeeeeeeeeeeeeeeeeeeeeeeeee e es e s 46

13C NMR spectrum of COMPOUNG 30 ..........veoeeeeeeeeeeeeeseee e eeees e 47



IH NMR (600 MHz, (CD3),CO, rt) of 1

L9 €~

869°¢

cl0v—

5€69

8569

$90" L~
8L0°L7r
LST'L

SShL—
Lovie)
6LL'L—
coL L’
€80'8—

[Ev'8—

FsLo

EFave

G

It
T

7.5

3.5

4.01

6.5 6.0 5.5 5.0 4.5

7.0

10. 5 10.0 9.5 9.0 8.5 8.0

11.0

f1 (ppm)



13C NMR (150 MHz, (CDs),CO, rt) of 1

680°CS—

Y€8°65~
166'65~

CICI—

Nco.v:.\
ﬁmo.m:.\.

SLI'LTI

€88 VCI
Nﬁm.mSV

velr el —

S9TEET—
cov'SEl—
TEL9ET

LSO IST—

L989ST—
YeL 091 —

Y 0L —

WWMMWMMMMWWWMWMWM

R I e S S R — e B S ES A B S e B S .
165 160 150 145 140 135 125 115 110 105
£1 (ppm)

70

75

80

85

90

95

100

120

130

155

170

175



'H NMR (600 MHz, (CD3),CO, rt) of 2

L9t

[eL’E
(4108 2

1769

mmo.oV
081'L—
v L—r
owv.w.\.

806°L~
wo'L”

YSv8—

| J JJUL

L

EEI'e

Frey |

Epie

7.5

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

8.0

8.5

9.0

9.5

10.0

10. 5

11.0

£1 (ppm)



8LOIS—

LY 65~
9209~

r6'011—

S80°SIT—
O LIT—
I 0CI—

12351
am.mﬁV

r6'8C1l—

OSTEel—
LY 9el—

886°SY—

~780° IS T~
€8T IS1

(CD3)2CO rt) of 2

€66 951 —

~

0LT 19—

CLEOLT—

13C NMR (150 MHz

NI —

T T T T T T T T T T T T T T T T T T T
155 150 140 135 125 120

50

110 105 100 95 90 85 80 75 70 65 60 55
f1 (ppm) 4

115

130

145

165 160

170



SLY €~
SILe”

8¢6'9
0569
090°L
SLO'L
6S1°L
mi.h/
I61'L—
09%'L—r
mnv.h.\.
88L°L—F
mow.h.\.
[S18—

, CO(CDs), of 3
CHs

MHz

081 11—

'H NMR (600

OH

O—CHj

OH

HO

Frzo

J Lk

|

H\@O.N

LoD

FL0T

oz
Foo1

Foo1

i

%om.o

7.5
f1 (ppm)

8.5

6.0 5.5 5.0 4.5 4.05 3.5

6.5

7.0

8.0

11.0 10. 5 10.0 9.5 9.0

11.5



LES 65~
800°09~"

610CIT—

ee0SIT—
ELOLIT—

o vl
omm.mmﬁy

sereci—
9ce el —

vEY SET—
208°9¢1

L0 IST—

3

2678951 —

e 19—

(150 MHz, CQ(CD3)

CE8ILI—

BCNMR

o b i M#UWUWWMWWWMWWWWWWWWWWW

T T T T T T T T T T T
165 160 155 145

55

65 60
6

135 130 125 120 115 110 105 100 95 90 85 80 75 70
f1 (ppm)

140

150

170

175



9L9°¢~
IvL e

969
wm@.@V

06l'L—

LY L—r
owv.h.\.

S96°L~
8L6°L7

€C9'8—

0]
OH

OH

H,C
\
0

&

(600 MHz, CO(CD3); of 4

80T I1—

'THNMR
HO

J 187

J "6

Fe6'1

Feo¢c

=
L 100C
- )

F00°'1

8C0

vC0

7.5

73.5

6.0 5.5 5.0 4.5 4.0

6.5

7.0

11.0 10. 5 10.0 9.5 9.0 8.5 8.0

11.5

f1 (ppm)



BCNMR (150 MHz, CO(CDs), of 4

658°65~_
16209~

¢e80IT—

910°STT—
S6V'LIT—

a0e0cl—

eIrecl
mmm.mNﬁV

Y26'8C1—

9cT el —
e 9el—

rOOvl—

690 IST~_
8TIS1

12698 1—

YeEL 191 —

019 ILT—

T T T T T T T T T T T T T T T T T T T T T T T T T T T T
170 160 150 145 135 130 120 110 105

95 90 85 80 75 70 65 608 55 50

100

115
£1 (ppm)

125

140

165 155

175



"HNMR (600 MHz, (CD3),CO, rt) of /5

0L8'9~
€88°9—
7169—
57697

ev0'L~
LSOL~

0SY 'L~
YL~

CC8'L~
9¢8°L"

OH

OH

861'8— T

OH

HO

JL

601 |

L

—vCl

—ere |

~80° |

LTT|

%oo;

8.2

6.7

6.8

6.9

7.0

7.1

7.2

7.3

7.4

7.6

7.7

7.8

7.9

8.0

8.1

8.3

8.4

f1 (ppm)



13C NMR (150 MHz, (CD3),CO, 1t) of 5

o8 I11—

¢60°STT—
OT0°LTIT—

€26°0T1~_
L91' 121

9L0°9CT—

LTI —
vieecl—r

fo.mﬁ*
Em.omﬁ\

0L 0¢l

eL89ET—

61T v~
069°Ch 1"

s 9ST—

126'091—

6VL TLT—

e e

170 165 160 155 150 145 140 135 130 125 120 115 1(50
f1 (ppm) 1

175



"HNMR (600 MHz, (CD3),CO, rt) of 6

1889

S@%
6169~
2€6'9—
896'9—
28697

YT L~
9¢TL—
OLTL”

Yoy L~
L9V L~

OH

0

OH

o' L~
9S6'L~"
o

/

HO

0’1

801

|—|—||—|—|—|—|

JJLJJM S

%24 I

v0'C

a0l
00°1
%mo.m I

6.7

6.9

11

f1 (ppm)



13C NMR (150 MHz, (CD3),CO, rt) of 6

0¢S0IT—

90T SIT—

SIS LIT—

TCTOTI~
110° 12T~
181121/

[L8STI—

124514}
68C°6CI~

WquwwWW

wmo.omﬁ.\
€60l

oL T~
LYyTevl—

[LY OV —

9L 9ST—

el6'191—

OSLILT—

170 165 160 155 150 145 140 135 130 125 120 115 110 105
£1 (ppm) 12

175



0S9°E~_ _ .
799°¢~ D oo
8¢ u
¥S0°L
890°L
PIIL
8TI'L
6ST'L .
€0T'L €01
91z JE——
62T'L 00°1
YT'L 00T
€L9'L— 00T
1€0'8—~ 40T
shog’
5
O\
\O
<
I
~N
5
fud \O
g 9
ﬁ_u I
=
a (@)
T O
= T
o
o
e
s
= .
T 666 C1— A ?ym:

13.0

3.5

4.5 134.0

12.0 11.5 11.0 10. 5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

12.5

£1 (ppm)



13C NMR (150 MHz, DMSO-d6, rt) of 7

v AN O n O 0 0 v o~ on >~ O
S —S e I N w o & S S g 9
= — — 00 0 o\ vy o0 N — e Ks — 00
O v N <t <+ <t N on (Q\! @\l @\l — —_ O e
— — o — — — — — — — — — — O O v
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
170 165 160 155 150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55

f1 (ppm) 1 4



€789

%@M
998°9—
663'9—
Na.ow
669 \
756'9

Y60'L—

hL L~
SSL’L”

OH

OH

OH

0L0'8~. o
17808 T

"H NMR (600 MHz, Methanol-d,) of 8

96°1
a1
LO'T

%wm.ﬁ

%Q.N

7.2 7.1 7.0 6.9 6.8 6.7 6.6 6.5
15

7.3

8.2 8.1 8.0 7.9 7.8 7.7 7.6 7.5

8.3

£1 (ppm)



3CNMR (150 MHz, Methanol-d,) of 8
e

<t O VN — — NN O <t ¢ O — < A S A
S O O \n oo N N O — O — N O~ 0 [\l e\
0 <ttt nen A NN O\ O 0 O oSO O O <+
O A aE N R R N AN A AN AN A — —
p— — e p— p— p— — oy p— p— p— — ] p— — p—
~\V /S —~\— | ~ |

- - . U | S v

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
170 168 166 164 162 160 158 156 154 152 150 148 146 144 142 140 138 136 134 132 130 128 126 124 122 120 118 116 114

£1 (ppm) 1 6



'H NMR (600 MHz, CDCls, rt) of 9

69L°€—

831
ST L~
LorL’

698'L~_
€88°L7

65¢8—

)

OH

HO

a

Fsoc

011
LTI

Eso1

Foo1

F96°0

8.5

10.0

10. 5

11.0

f1 (ppm)



13C NMR (150 MHz, CDCls, rt) of 9

e\ o) <t o >~ =) — <t on
— 0 v v \O — o0 — (@) O
< < ° T = — = L
<t o~ o) =) vy o x
(7o) Vo) on N en N o\ le\ — =
o p— o — p— — — p— p— \O
A Jl‘v‘l‘vuvm- A JJL,_ A WJMNJL‘M LJA’M . v A J-L - p— A L
T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I
155 150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 6i 60
f1 (ppm) 8



'H NMR (600 MHz, CD50D, rt) of 10

L9T°1

6L11
I61°1

A

-
on
€
on

618°¢
ﬁmw.mk
v
12383

un
N
SN
<

OH

5 o
~
€99—
N
O o)
LY89— P
060'L—
1Y L~
0cy'L”

HO

%mw.m -

Tﬁ E

4.2 4.0

4.4

T T T
6.6 6.4 6.2 6.0 58 56 54 52 50 48 4.6

T
6.8

-.ImwA i

T
7.0

Foot |

7.2

7.4

Fost |

7.6

f1 (ppm)



13C NMR (150 MHz, CD50D, rt) of 10
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13C NMR (150 MHz, CDCl3, rt) of 13
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3C NMR (150 MHz, CDCls, rt) of 21

® \© 0~ <t 00 ™~
(@) — v A v > AN ANO DN (an) ()
o o N S S I = 00 7SS
S < —_ ~ X AN oy — 0
o~ \O <t on — on >~ >~ \O o <
—_— —_— — o >~~~ Vo) [\l
- " A
I T I T I T I T I T I T I T I T I T I T I T I T I I T I I T I I I I I I T I T I
240 230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm) 42



"HNMR (600 MHz, CDCls, rt) of 22
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3C NMR (150 MHz, (CD3),CO, rt) of 25
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"HNMR (600 MHz, CDCl3, rt) of 30
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3C NMR (150 MHz, CDCl3, 1t) of 30
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