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Synthesisand Antiproliferative Activity of
9-Benzylamino-6-chlor o-2-methoxy-acridine Derivatives as Potent DNA-binding

Ligandsand Topoisomerase || Inhibitors

A series of 9-benzyl acridine derivatives were synthesized and evaluated as good
antiproliferative inhibitors. All of them displayed strong Topo |1 inhibitory activity at
100 uM. The typical compound 8p showed potent DNA-binding ability, caused DNA
double-strand breaks and induced A549 cells apoptosis through caspase-dependent

intrinsic pathway.
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Abstract

A series of 9-benzylamino acridine derivatives wsypthesized as an extension of
our discovery of acridine antitumor agents. Most tbése acridine compounds
displayed good antiproliferative activity with 4§§values in low micromole range and
structure-activity relationships were studied. Topoand I[I- mediated relaxation
studies suggested that all of our compounds disglastrong Topo Il inhibitory
activity at 100uM, while only four exhibited moderate Topo | inhilxy activity. The
typical compoundBp could penetrate A549 cancer cells efficiently. @oomnd 8p
could intercalate within the double-stranded DNAsture and induce DNA damage.
Moreover, compound 8p could induce A549 cells apoptosis through

caspase-dependent intrinsic pathway and arrest AéM®at the G2/M phase.



1. Introduction

About a century ago, biologists have suggestedttieae might be a relationship
between the pathogenesis of cancer and “specifit aonormal chromosome
constitution” [1, 2]. The alterations in DNA struce as well as changes in
chromosome structure and number are collectivelgwkn as genomic instability,
which has been recognized as the most pervasiveatkastic of most cancers
nowadays [3]. As DNA damages such as single-sttmadks (SSBs), double-strand
breaks (DSBs) might lead to cell death, cells pessemplex mechanisms to respond
to those damages to maintain genomic integrity eglt alive [4]. For the sake of
killing cancer cells, both DNA and DNA replicatiorlated enzymes can serve as
targets for cancer therapy and practiced clinicidlydecades [3, 5-7]. Among those
enzymes, topoisomerases are studied for many wyedrsnore prominent
effectiveness. Both topoisomerase | (Topo |) anmbisomerase 1l (Topo Il) with the
ability to catalyze DNA breakage and religationgilitate the replication and
transcription of DNA, which is essential to mamraalicell division cycle [8, 9]. The
following steps were involved in the action of topozymes. Firstly, enzymes bind
DNA duplex to their DNA-binding and cleavage cotteen produce DNA breakage
and form a covalent transient DNA-enzyme complexchange the topological
structure of DNA. Topo | and Topo Il are differdrdre in that Topo | mediates single
strand break of a DNA double helix to let anothtrared across, while Topo I
mediates DNA double strand break to pass anothecleaved duplex. At last
enzymes get reset after reseal the cleaved DNADmaek[10]. Numerous anticancer
drugs used in clinic are those which can interaith WNA and topoisomerases to
induce DNA damage and prevent DNA lesion repairm@nt1l]. For example,
camptothecin causes SSBs by stabilizing DNA-Topdrulg complex, etoposide
causes DSBs by stabilizing DNA-Topo II-drug comp]&R-14].

Acridines (Figure 1, acridine) are firstly used astibacterial and antiparasite
agents with planar aromatic structures that araldapto intercalate into DNA base
pairs. Since its anticancer effect has been naticedsiderable researches have been
conducted to synthesize more effective and lesis toridines as anticancer agents
[15-17]. Amsacrine (Figure I)+AMSA) was firstly been proved to interact with
Topo 1I-DNA complex exhibiting clinical efficiencgs an antileukaemic agent [15].

For yearsm-AMSA and its analogues were intensely studied [19, Most of the
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acridine derivatives are focused on the 9-anilimoidine scaffold, paying more
attention on the substituents effects in the acedand anilino rings on the DNA
binding ability and cytotoxicity [20-24]. Recentlye found that the linkers between
acridine and benzene groups affected the bioagtgriégatly, among which —-NHGCH
was the best. In addition, our work as well asrexfees indicated that acridines with
chloro and methoxy groups substituted at C-2 arilg@sitions of acridine ring gave
a favorable antiproliferative activiiy vitro (Figure 1, compound X) [25, 26]. As our
continuous efforts for developing new anticancempounds [26-32], we try to
modify the benzyl ring o8 to generate compounds with more biological agtjvit
since the substitution pattern on the 9-anilinogrplayed an important role on the
antitumor activity [18, 19, 21, 33-35]. In this w@rvarious 9-benzylamine acridine
derivatives (Table 18 (a—w) with different substituents in the benzyl groupre
synthesized for the discovery of potent Topo llgéaed anticancer agents and

evaluated the structure-activity relationships.
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Figure 1.Chemical structures: 1, acridine,/ 2AMSA, 3, compound X.
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2. Results and discussion

2.1. Chemistry

Synthesis of the 9-benzylamine acridine derivati8e@-w) were carried out as
shown in Scheme 1 as previously described [25])izZihg the Ullmann reaction the
anthralic acid was obtained in high yields using Cu as the catabfluxed in DMF
under basic condition, which was cyclized to theh®roacridine derivativer.
Reactions of compoundéand various substituted benzyl amines were caoigdn
the presence of a catalytic amount of Kl underdasnditions in absolute ethanol to
give the desired correspondifga-w).



R, R,

(|||)

R,

8a R,=F, R,=R;=R,=H
8¢ R;=F, R=R,=R,=H
8e R,=CI, R;=R;=R,=H
8¢g R,=Br, R,7R;=R,~H
8i R,=Me, R;=R;=R,=H
8k R,=Et, R=R,=R,=H

CL I (I) ?\/@/ (||)

8b R,=F, R;=R;=R,=H
8d r,=R;=H, R,=R;=F
8f R,=Cl, R,=R,=R,;=H
8h R,=Cl, R;=R,=R,=H
8j Ry=Me, R=R,=R,~H
8l R,=t-Bu, R;=R,=R,=H

8n R,=CF;, R,=Ry=R,=H
8p R;=OMe, R;=R,=R,~H

| 8m R =CF;, R,Rs=R,=H
= O 8o R;=CF;, R;=R,=R,=H
| 8q R;=R;=OMe, R|=R,=H  8r R,~R;=OMe, R =R;=H
CI

8t R,=R;=R,=OMe, R,=H  8u R;=OCHF,, R,=R,=R,=H
8v R,=F, R;=OMe, R,;=R,=H 8W R,=R,=F, R;=OMe¢, R,=H
Scheme 1Reagents and conditions: (i) CuGOs, DMF, reflux; (i) POCY, reflux; (i) various

benzyl amines, Kl, KCO;, C,HsOH, reflux.

2.2. Invitro cytotoxicity

With the chemical library o8B (a-w) in hand, the cell proliferation inhibitory
activities of all compounds were evaluated usinghém lung cancer cell line A549,
among which, five compound8n, 8p, 8s 8u and 8v displayed significant
antiproliferative activity with I1G, values less than (M (Table 1). As shown from
Table 1, although the cytotoxicities typically diwdt differ more than factor 10, the
observed antiproliferative activities were dependanthe nature of the substituents
and the substitution pattern on the benzyl ring.

As fluorinated compounds have a remarkable recardnedicinal chemistry,
compoundsBa-8d were firstly synthesized to evaluate their antifgcative activity.
The results indicated that theeta- or para-position is less preferable than
ortho-position 8a vs8b and8c). To our surprise, the cytotoxicity was lost wheath
meta- and para-position were substituted with fluorine8dj. The replacement of
fluorine by chlorine or bromine resulted in littlkhange in the antiproliferative
activity (8b vs8e, 8c vs8f and8h, 8a vs 8g).

In addition, alkyl or alkoxyl groups were also payan important role in the
activity. The introduction of methyl or ethyl groupsulted in a little increase in the
antiproliferative activity than the correspondingaldgen substituted acridine

derivatives 8i vs 8b and8e 8] and8k vs 8c and8f). The replacement of ethyl by



butyl on para-position led to a significant decrease of activiBf vs 8k). The
excrescent methoxy(s) was (were) not help to impiine activity 8p vs 8q, 8r, 8t),
and the replacement of two hydrogens of methoxymg@p) by two fluorines 8u)
did not change the Kg value so much. Thus we surmised that substituertts
higher steric hindrance were not preferred. Théaogment of polar methoxy group
(8p) by methyl 8)) / ethyl group 8k) or the replacement of trifluoromethyl growgn)
by methyl group &i) led to obvious decrease of activities, suggesthe polar
substitutions ometa- or para-position are preferred. What's more, the introcurcof
fluorine(s) to compoundp led to a decrease of activityd vs 8v and 8w). We
speculate that the subtle electronifeets might play an important role in the
cytotoxicity.

As compounds8n, 8p, 8s 8u and8v displayed the best antiproliferative activity
against A549 cells, they were selected to testdspeectrum antitumor activity.
Table 2 indicated that the five compounds displagedd antiproliferative activity
against the human breast cancer cell line MCF-maru cervical cancer cell line
Hela, human colon cancer cell line HCT-116 and humeute lymphoblastic cancer
cell line CCRF-CEM. Compoun@p displayed the best antiproliferative activity
against MCF-7 and Hela cells and good activity msfaCCRF-CEM cells. While
compound3n and8v exhibited better antiproliferative activity agaihfCT-116 cells.

Table 11Cg values o (a-w) in A549 Cancer Cells.

Tail
D,
—
Cl N
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HN HN o
8 | ﬁ@ 3.00+0.08 8s 0.65+0.04
g Br ‘/\C[g
HN HN o
8h | 3.2620.02 8t o 2.18+0.05
Br 0
8i “TU 2.22+0.08 8u "T“@LO/CHH 0.72+0.13
. HN HN F
8j | n 2.63+0.24 8v O 0.95+0.04
HN HN F
8k | n/ 2.58+0.40 8w ‘ﬁo/ 1.82+0.36
F
HN
8l | 7.030.36 Doxorubicin 0.09+0.004
Etoposide 3.82+0.05 Amsacrine 5.96+0.14
Table 21Csq values of typical compounds in several cancerlices.
IC50(LM)
Compd Tail
MCF-7 Hela HCT-116 CCRF-CEM
CF,
8n “ﬁ‘“@( 10.50#0.34  10.07+0.43  0.7620.01 5.11+0.73
8p "Tﬁo/ 6.95+0.94 1.70:0.26  6.3240.49 2.54+0.07
o]
8s "Wy 10.33t0.39  7.00:1.68  162:0.02  2.00:0.04
8u &) s 9.95+0.88 4.41+0.24 1.16+0.10 6.87+0.37
F
8v WO 7.60£0.24  4.08+031  0.8610.03  3.08+0.28
(9]
Doxorubicin 0.81+0.01  0.78#0.10  0.07#0.03  0.05286.
Etoposide ND 41.21+4.45  6.03:0.70  0.12+0.05
Amsacrine 26.76:0.59  0.34#0.04  0.93+0.21 0.18+0.04

2.3. Topo | and Ila Inhibitory Activities

As the structure of our compounds was similar &t tf mAMSA, we anticipate
that our compounds might inhibit the activity ofptisomerases. All our newly
synthesized compounds were subjected to Topo |Tamb llo inhibitory assay.
Compounds3c, 8k, 8p and8q exhibited apparent Topo | inhibitory activity ab(

uM, further investigation showed that these four poonds also inhibit Topo |
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activity at both 75 and 5QM (Figure 2A). Camptothecin was used as a positive
control as Topo | inhibitor. All of our compoundssplayed strong Topo di
inhibitory activity at 100uM. Amsacrine and etoposide, two well-known DNA
intercalating and DNA binding Topo Il inhibitors,ewe used as positive controls.
Moreover, studies on five compoun@s, 8p, 8s 8u and 8v showed that these
compounds possessed better Topoithibitory activities than etoposide at nd/

and 10uM (except8n) (Figure 2B). This data suggested that most afehecridine
compounds served as Topo Il specific inhibitorsadidition, compound8c, 8k, 8p
and8q served as both Topo | and Topo Il dual inhibit@smpoundBp was selected

to further investigate the action mechanism dugstdetter antiproliferative activity

against tested tumor cell lines and Topo inhibitactivity.

A DTC 8 8p8q 8 80 8a 8z 8b 8¢ 8c 8f 8h 81 8m8v Su 8s 8t 8d 8n 8r 8k 8w  100uM

--,* '_ﬁﬂ.' ¥ Relaxed
- e, _ - Supercoiled

75 30 75 50 pM
D T C C 8c 8k 8p8q 8¢ 8k 8p 8q

. Relaxed
-' r‘.‘.‘.:‘ Supercoi]ed

BD T A E 8a8b 8 8d8e 8f 8z 8h 8 8 8k 100uM

e -— - Relaxed
e S Gl S G G S e e e & &% Supercoiled

D T A E 81 8m 8n 80 8p 8q 8r 8s 8t 8u 8v&w 100uM

- - Relaxed
T o R R - Supercoiled
50 10 50 10 50 10 [ThY

DTAAEE & 8p 8 8u 8v 8n 8p 8s 8u &v
a . | - : Relaxed
- e S - -' Supercoiled

Figure 2. Topo | and Topo H inhibitory activities. (A) Topo I: lane D, pBR322NA; lane T,
Topo | + pBR322 DNA,; lane C, camptothecin + Tope |pBR322 DNA,; the others, tested
compounds + Topo | + pBR322 DNA. (B) Topa:llane D, pBR322 DNA; lane T, Topoalk
pBR322 DNA,; lane A, amsacrine + Topa + pBR322 DNA,; lane E, etoposide + Topo. K
pBR322 DNA,; the others, tested compounds + Topd [pBR322 DNA.

2.4.Uptake of 8p in A549cells

It is important for a designed anticancer drugeagirate cell membranes to bind to

the genomic target with a high efficiency. Therefahe representative compousyl
8



was subjected to the cellular uptake assay withy laancer cell line A549 by
fluorescence-activated cell sorting. As shown iguré 3, after A549 cells incubated
with compound8p for 4 h, as the concentration increased fropMLor 5 uM, the
fluorescence associated with the cells stronglyea®ed, indicating the ability &jp

to penetrate cell membranes. In addition, extensnaubated time led to no big
difference in fluorescence intensity, illustratitiat the uptake is up to a maximum

after 4 h of incubation.

100 - 1o 4 b 100

B0

60 -

% of Max

40

%% of Max
%% of Max

2 0 1 2 3 ol 1 . 3
||:-E 1-:|'I 107 11::I 10 0 10 10 D 10 1] 1]

Florescence Florescence Florescence
Figure 3. FACS analysis of A549 cancer cells treated \8jprfor 4, 8, 16 h. (a) control, (b) M,
(c) 5uM.

2.5. DNA interaction studies

As compoundp could penetrate cell membranes, it is feasibktudy whether the
interaction with DNA contributed to its cytotoxigitUV-visible spectral absorbance
was firstly carried out to determine whether conmqub8p could interact with DNA.
The results showed that compou8p exhibited absorption bands in the region of
365-480 nm (Figure 4A). The maximal absorptions evaround 420 nm. When
ctDNA was up to 64uM, the absorption spectra were hypochromicity (6CG6dl
slight bathochromic shifts (10 nm) (Figure 4A), icating that compoun@&p could
intercalate into DNA [36]. The formula (1) was usedcalculate the DNA binding
constant I [37]. The K, of compound8p was 1.6& 10° M, suggesting its good
DNA binding capability which was comparable to amsee (K,= 1.36<X10° M7,
Figure 1s).

[DNA]/(&a-gr) = [DNA])/(ep-g5) + 1/Kp(ep-€1) (1)

The spectrofluorimetric study was also performedutther evaluate the DNA
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binding ability. 8p (10 uM) exhibited an emission band in the range of 420-Am
with an excitation wavelength at 400 nm. The fluceese of8p was gradually
guenched with increasing concentrations of ctDNggasting the interaction between
compound8p and DNA. The quenching constant K was calculammbiing to the
classical Stern-Volmer Eq. (2) [38]. The quenchaagstant K of compounélp was
1.02x16 M. Which was in accordance with the absorption specthe data
indicated that8p might intercalate into DNA, since references régdrthat the
intercalation complexes exhibited K from“t6 10 M™, which are conspicuously
smaller than the K of groove binders (@0’ M™) [39]. These results indicated that
compound8p could intercalate within the double-stranded DNAIcture and thus

might cause DNA damage.

Fo/F=1+ K[Q)] (2)
A 0.10 4 B
. g, #
0.084 a2 /
= =7]  K,~L68X10M!
E 0.06 4 ‘-.E 24 /
2 .
E“‘ 0,04 4 ;e- ,/
44 uM = /_/‘
-
0.02 4 £, 24 I
=| o
0.00 4 . . —— ——— 0 1o n % Py
360 300 400 430 430 460 480 s00 520 g 6
Wavelength (nm) [DNA]x10"M
= | ()6
C D
-
64 ] A7
8 1 K=Lo2<105M1
§ 4 = ‘]
= = oz
= 31 =
2- 64 UM ‘]
I "
0 T T . 2 = 5 : )
40 480 S0 SeD 0 600 64 68D 0 N L
Wavelength (nm) [Q]Xll}ﬁ!i[

Figure 4. (A) UV-visible absorption spectra 8p 10 uM with various concentrations of ctDNA in
Tris-HCI buffer (pH 7.4). (B) The plot of absorpticdata, [DNA], DNA concentration, K=

1.68x10°> M™. (C) Fluorescence emission spectra8pf10 uM with various concentrations of
CctDNA in Tris-HCI buffer (pH 7.4) after excitatioat Aex = 400 nm. (D) The plots of the
fluorescence titration, [Q], DNA concentration, KL:02<10° M™.

10



2.6. DNA damage induced by 8p

Considering that compoundp functioned as an intercalative catalytic inhihitor
we further investigated the action mode of compo@pdwith A549 cells by
observing comet tails in comet assay. As shownigureé 5A and 5B, untreated
control A549 cells had almost no detectable conads,twhile cells displayed
significant DNA tails after treatment with compouBplat 5uM, as well as etoposide,
the positive control. The results indicated tBaicould induce severe DNA damage in
A549 cells. To gain more insight into the inductimrDNA damage of compourp,
we monitored the levels gH2AX in A549 cells treated witBp. yH2AX is known as
a biomarker for double strand breaks in DNA [40-44$ shown in Figure 5C, the
levels of yYH2AX in A549 cells treatedBp were clearly increased, indicating that
compoundp caused DSBs.

A

Control Etoposide Compd 8p
10pM SpM

Tail DMA (%)

CContrnl 1 25 pM

w O H2AX
Control | Etoposide 10 pbd | Compd 8p 5 00
0.02 16.66 3232 S | [i-actin

Figure 5. Compound8p induce DNA double strands break in A549 cells. @9met assay.
Images of A549 cells after treatment with the niegatontrol (nontreated), etoposide, and
compound8p. (B) Histogram representation of the percentageaibfDNA. (C) 8p induced the
increased expression gH2AX in A549 cells. Cells were incubated wip at indicated

concentrations for 48 -Actin was used as an equal loading control.
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2.7. Apoptosis induced by compound 8p

Given compoundp could cause severe DNA damage, we further invastithe
mechanism of compounflp inducing A549 cells death using annexin-V (AV)/PI
binding assay. In early apoptotic cells, phosplyatigerine (PS) on cell
membrane turned inside-out due to the phosphaddipjanmetry lost. As AV possesses
a high dfinity to PS, AV-FITC could stain early apoptotic IselWhile in late
apoptotic or necrotic cells, both AV and PI arenpeable and stained cells on PS and
nucleus, respectively. The results of fluoresceaxterated cell sorting analysis
performed after treatment of A549 cells w@h at the concentrations of 0, 5, i
for 36 or 48 h were shown in Figure 6A. In compamisvith the control, A549 cells
treated with compounddp exhibited an accumulation of early and late apoptzlls
in a time and dose-dependent manner. For exanepdrcentage of late apoptotic
cells was 0.29% in untreated cells, while it was4ZI@ and 88.13% in the cells
treated with8p at 5, 10uM for 36 h, respectively. The corresponding peragatwas
0.62%, 21.23% and 82.46% in cells treated \@phfor 48 h, respectively. Also, the
percentage of early apoptotic cells showed the sdrarge trend (Figure 6A).

In order to further validate the mechanism of tiduiction of cellular apoptosis, we
monitored the expressions of regulatory proteiteted to apoptotic pathway such as
cleaved caspase-3, cleaved caspase-7 and cleagpdse® in A549 cells by
immunoblotting. Caspase-9 is involved in the mitutrial pathway. Activated
caspase-9 further cleaves downstream caspasedimglcaspase-3 and -7 to initiate
the caspase cascade. Caspase-3 and caspase-7rrpfdgceable roles in cell
apoptosis once activated by caspase-9 [45]. Theaion of caspases is required for
the induction and execution of cellular apoptodi§]] As shown in Figure 6B, the
treatment with compoun8p increased the expression of proapoptotic markevelg
caspase-9 and caspase-3 and caspase-7. Altogetlrerresults suggested that
compoundp was able to induce caspase-dependent intrinsiovagt of apoptosis in
A549 cells.

12
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Figure 6. Compound8p induced apoptosis in A549 cells. (A) AV/PI assay the detection of
apoptotic A549 cells after treatment wip at the indicated concentrations for 36 or 48 ). (B
Treatment with compoun@p increased the expression of cleavage-caspase®/A949 cells at

indicated concentrations after 488hActin was used as an equal loading control.

2.8. G2/M phase arrest induced by 8p

The cell cycle including four phases G1, S, G2, BhdCell cycle checkpoints are
essential safe guard systems to trigger arrestlbfcgcle progression, thus provide
time for the cell to correct the dysregulationgeli cycle events before proceeding to
the next phase [6, 47, 48]. It is typical for cancells that abnormal events such as
SSBs, DSBs occur in the cell cycle progression. délecycle might be arrested only
if the accidental damage corrected. Therefore,nvestigated the effect &jp on cell
cycle distribution of cancer cells using flowcytongdbased total DNA content

analysis. After treatment @&p at 0.5, 1, and BM in A549 cells for 36 h, as shown in

13



Figure 7, the cells were arrested in the G2/M phabethe cell cycle in a
dose-dependent manner. In response to agentsabhae ®NA damaging or target
cytoskeleton assembly, G2/M checkpoint arrest cebé G2/M phase
before entering mitosis [49]. In fact, after 3@l cell population in G2/M increases
from 7.62% in the untreated cells to 8.12%, 9.62% 46.52% in the cells treated
with 8p at 0.5, 1, 2uM, respectively.

i | Cotl36h | 05uM36h 4 § 1uM36h 3 5 uM 36 h
1 GO/G1-61.65% GOG1-61 48% GI'Gl-60.83% 3 COAG1-62.048;
g 5-30.73% 3 3-3040% 1 3-29.53% 2.71.45%
i G2M-T62% | GIM-9.62% G2M-16.32%

GIME12% |

Cell count

=

PI

Figure 7. Flowcytometric analysis of compoun@&p induce G2/M phase arrest in A549 cells.

A549 cells were treated with compou8 at the indicated concentrations for 36 h.

3. Conclusions

A new series of 9-benzylamine acridine derivativeés(aw) were simply
synthesized and their biological activity were deti@eed. Most of the compounds
displayed significant antiproliferative ffects against A549 cells. All of our
compounds strongly inhibited topo Il activity arahse of them also exhibited Topo |
inhibitory activity. The typical compoun@p displayed broad antitumor activity,
strong DNA binding ability. Further study indicatdtht compoundp significantly
induced DNA damage. Compourtp arrested cancer cells at G2/M phase and
induced them apoptosis potentially by stirring ugAdamage response. The results
of this study demonstrated that chemical modificatd the 9-benzylamine acridine
was a feasible way to develop potent antitumor &sgdfurther work to optimize the

bioactivity is ongoing.
4. Experimental
4.1. Chemistry
Generally, the procedure for the synthesi8 ¢a-w)was as follows. A mixture of

substituted acridine (1) and benzylamine (2 equivkethanol (8 mL) was added

potassium carbonate (2 equiv) and potassium id@#eequiv). The reaction mixture
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was stirred for 30 min at room temperature anduxeftl in oil bath for 24-48 h. Then
the mixture was extracted with absolute ethanofit@ the crude products, which
were purified by column chromatography with petrateether and ethyl acetate (5:1

vIv).

4.1.1. 6-chloro-N-(2-fluorobenzyl)-2-methoxyacrieBramine (8a). Yield 43%; mp
168.6-179.8°C; *H NMR (400 MHz, CDCJ)  8.09 (s, 1H), 7.99 (dd,= 9.2, 7.6 Hz,
2H), 7.40 (ddJ = 9.2, 2.0 Hz, 1H), 7.33-7.26 (m, 3H), 7.18 {d= 2.4 Hz, 1H),
7.11-7.04 (m, 2H), 4.89 (s, 1H), 4.80 (s, 2H), 3(84 3H); *C NMR (101 MHz,
CDCl;) 6 162.18, 159.74, 156.52, 148.97, 148.17, 134.81,613 129.88, 129.85,
129.77, 128.49, 126.23, 126.09, 125.44, 125.03,5724124.53, 123.63, 119.45,
117.38, 115.76, 115.54, 98.90, 55.37, 48.76, 48.MAR-MS(ESI): calcd for
C21H16CIFN,O [M+H]* 367.1013; found: 367.1021.

4.1.2. 6-chloro-N-(3-fluorobenzyl)-2-methoxyacriehramine (8b). Yield 52%; mp
172.4-173.5°C; *H NMR (400 MHz, CDC}) 6 8.09 (d,J = 2.0 Hz, 1H), 8.01 (d] =
9.2 Hz, 1H), 7.93 (dJ = 9.2 Hz, 1H), 7.41 (dd] = 9.6, 2.8 Hz, 1H), 7.37-7.29 (m,
2H), 7.16 (dJ = 7.6 Hz, 2H), 7.11 (d] = 2.4 Hz, 1H), 7.03 (dt] = 7.2, 2.0 Hz, 1H),
4.94 (s, 1H), 4.81 (s, 2H), 3.77 (s, 3LPC NMR (101 MHz, CDG)) § 164.46, 162.00,
156.41, 149.03, 142.03, 141.96, 134.87, 130.67,5830125.30, 124.92, 123.53,
122.90, 122.87, 118.58, 116.58, 114.93, 114.73,411414.19, 99.00. 55.36, 54.04;
HR-MS(ESI): calcd for gH16CIFN,O [M+H]* 367.1013; found: 367.1012.

4.1.3. 6-chloro-N-(4-fluorobenzyl)-2-methoxyacrieBramine (8c). Yield 48%; mp
189.2-191.4°C; *H NMR (400 MHz, DMSO-¢) § 8.29 (d,J = 9.2 Hz, 1H), 7.81 (s,
1H), 7.83 (s, 1H), 7.61 (s, 1H), 7.55 (s, 1H), 7(d8,J = 8.0, 2.4 Hz, 2H), 7.39 (d,

= 8.8, 1H), 7.31-7.26 (m, 1H), 7.20-7.11 (m, 3HB5(s, 2H), 3.75 (s, 3H}*C NMR
(101 MHz, DMSO-@) 6 168.92, 162.25, 159.83, 154.83, 149.97, 135.93.363
128.62, 128.54, 125.96, 124.12, 122.71, 115.10.891404.88, 100.64, 55.16, 51.25,
22.33; HR-MS(ESI): calcd for £H16CIFN,O [M+H]* 367.1013; found: 367.1018.

4.1.4. 6-chloro-N-(3,4-difluorobenzyl)-2-methoxyaitn-9-amine (8d). Yield 63%;
mp 205.5-206.4°C; *H NMR (400 MHz, DMSO-¢) § 8.26 (d,J = 9.2 Hz, 1H),

7.86-7.82 (m, 2H), 7.57-7.53 (m, 3H), 7.43-7.38@hi), 7.30 (d,J = 6.8 Hz, 2H),
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4.94 (s, 2H), 3.78 (s, 3HY°C NMR (400 MHz, DMSO-¢) 5 154.90, 150.47, 150.34,
149.86, 149.48, 149.36, 148.03, 147.90, 147.05,9B46133.44, 123.36, 123.33,
117.31, 117.14, 115.83, 115.65, 55.16, 51.15; HRE\BP: calcd for GH1sCIF,N20
[M+H] " 385.0919; found: 385.0927.

4.1.5. 6-chloro-N-(3-chlorobenzyl)-2-methoxyacrifiramine (8e). Yield 59%; mp
171.5-171.8°C; *H NMR (400 MHz, CDC}) 6 8.09 (d,J = 2.0 Hz, 1H), 8.00 (d] =
9.6 Hz, 1H), 7.92 (dJ = 9.2 Hz, 1H), 7.46 (s, 1H), 7.40 (d#i= 9.6, 2.8 Hz, 1H),
7.31-7.28 (m, 3H), 7.25-7.23 (m, 1H), 7.10 Jd; 2.8 Hz, 1H), 4.95 (s, 1H), 4.77 (s,
2H), 3.77 (s, 3H)*C NMR (101 MHz, CDGJ) § 156.44, 149.02, 148.22, 147.02,
141.45, 134.98, 134.89, 131.63, 130.29, 128.47,0¥28127.48, 125.44, 125.30,
124.96, 123.58, 118.61, 116.59, 98.98, 55.38, 531K9BR-MS(ESI): calcd for
C21H16Cl.N,O [M+H]" 383.0718; found: 383.0708.

4.1.6. 6-chloro-N-(4-chlorobenzyl)-2-methoxyacri@ramine (8f). Yield 62%; mp
190.3-192.5°C; *H NMR (400 MHz, DMSO-g¢) & 8.27 (d,J = 9.2 Hz, 1H), 7.88 (s,
1H), 7.60 (dJ = 7.6 Hz, 1H), 7.54 (s, 1H), 7.48 @= 8.0 Hz, 2H), 7.42 — 7.38 (m,
3H), 7.30 (d,J = 8.0 Hz, 1H), 4.96 (s, 2H), 3.76 (s, 3HJC NMR (101 MHz,
DMSO-a;) 6 154.85, 149.80, 138.99, 133.29, 131.30, 128.58,21r 125.84, 124.27,
122.69, 120.86, 119.07, 116.83, 116.01, 114.52,.87104100.46, 55.16, 51.26;
HR-MS(ESI): calcd for ggH16CIoN,O [M+H]* 383.0718; found: 383.0727.

4.1.7. N-(2-bromobenzyl)-6-chloro-2-methoxyacri@amine (8g). Yield 60%; mp
179.1-180.0°C; *H NMR (400 MHz, CDC}) & 8.09 (d,J = 1.6 Hz, 1H), 7.98 (d] =
9.2 Hz, 2H), 7.59 (dd] = 9.6, 1.6 Hz, 1H), 7.37 (dd,= 9.2, 2.0 Hz, 1H), 7.31 (dd,
= 9.2, 2.0 Hz, 1H), 7.24 (dd,= 7.2, 2.0 Hz, 1H), 7.19-7.11 (m, 3H), 5.13 (s)),1H
4.83 (s, 2H), 3.78 (s, 3H}*C NMR (101 MHz, CDGJ) & 156.45, 148.82, 148.16,
147.09, 138.13, 134.79, 133.08, 131.59, 129.89,5829128.50, 127.92, 125.41,
125.04, 123.74, 123.40, 119.39, 117.34, 98.91,6%38.66; HR-MS(ESI): calcd for
Co1H16BrCIN,O [M+H]" 427.0213; found: 427.0224.

4.1.8. N-(4-bromobenzyl)-6-chloro-2-methoxyacri@amine (8h). Yield 48%; mp
167.3-169.3°C; *H NMR (400 MHz, DMSO-g¢) § 8.26 (d,J = 9.6 Hz, 1H), 7.86 (s,

1H), 7.82 (d,J = 6.8 Hz, 1H), 7.56-7.38 (m, 6H), 7.29 (= 8.4 Hz, 1H), 4.94 (s,
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2H), 3.76 (s, 3H)**C NMR (101 MHz, DMSO-g) § 171.73, 154.86, 149.85, 139.41,
133.34, 131.51, 131.27, 131.12, 130.88, 129.25,9128128.43, 125.96, 122.63,
119.78, 55.17, 51.38, 20.82; HR-MS(ESI): calcd 05H1BrCIN,O [M+H]"
427.0213; found: 427.0211.

4.1.9. 6-chloro-2-methoxy-N-(3-methylbenzyl)acridiramine (8i). Yield 68%; mp
161.1-161.5°C; *H NMR (400 MHz, CDC}) & 8.09 (d,J = 2.0 Hz, 1H), 8.01 (d] =
9.6 Hz, 1H), 7.96 (d) = 9.2 Hz, 1H), 7.41 (dd] = 9.2, 2.4 Hz, 1H), 7.31 — 7.26 (m,
2H), 7.22 — 7.14 (m, 4H), 4.93 (s, 1H), 4.80 (s),2BI78 (s, 3H), 2.35 (s, 3HJ’C
NMR (101 MHz, CDCY) 6 156.21, 149.52, 148.41, 147.16, 139.34, 138.84,813
131.70, 128.99, 128.71, 128.52, 128.21, 124.98,8024124.51, 123.82, 118.33,
116.34, 99.26, 55.38, 54.78, 21.42; HR-MS(ESI)cdaor G,H1gCIN,O [M+H]*
363.1264; found: 363.1265.

4.1.10. 6-chloro-2-methoxy-N-(4-methylbenzyl)acnii-amine (8)). Yield 79%; mp
170.6-171.8°C; *H NMR (400 MHz, DMSO-¢) 6 8.30 (d,J = 9.6 Hz, 1H), 7.87 (s,
1H), 7.82 (dJ = 8.8 Hz, 1H), 7.59 (d] = 1.6 Hz, 2H), 7.38 (d] = 8.4 Hz, 1H), 7.33
(d,J=8Hz, 2H), 7.27 (d) = 9.2 Hz, 1H), 7.15 (d] = 8 Hz, 2H), 4.93 (s, 2H), 3.75
(s, 3H);*C NMR (101 MHz, DMSO-g) § 154.90, 150.07, 136.85, 135.96, 133.30,
130.70, 128.93, 127.12, 126.64, 124.16, 122.68,4614.00.69, 55.28, 51.62, 20.55;
HR-MS(ESI): calcd for gH19CIN,O [M+H]" 363.1264; found: 363.1265.

4.1.11. 6-chloro-N-(4-ethylbenzyl)-2-methoxyacriiramine (8k). Yield 55%; mp
104.8-105.9°C; *H NMR (400 MHz, DMSO-¢) 5 8.32 (d,J = 7.6 Hz, 1H), 7.87 (s,
1H), 7.82 (d,J = 8.0 Hz, 1H), 7.57 (s, 1H), 7.39-7.35 (m, 3HR&(d,J = 8.8 Hz,
1H), 7.18 (d,J = 8.0 Hz, 2H), 4.93 (s, 2H), 2.57 @= 7.6 Hz, 2H), 1.14 ()} = 7.6
Hz, 3H);**C NMR (400 MHz, DMSO-g) § 154.80, 150.08, 142.33, 137.11, 133.25,
130.56, 127.65, 126.63, 125.95, 124.05, 122.56,771414.50, 100.79, 55.14, 55.10,
51.78, 27.60, 15.39; HR-MS(ESI): calcd foga821CIN,O [M+H]* 377.1421; found:
377.1415.

4.1.12. N-(4-(tert-butyl)benzyl)-6-chloro-2-meth@cyidin-9-amine (8l). Yield 69%;
mp 143.5-145.1°C; *H NMR (400 MHz, DMSO-g) & 8.35 (d,J = 9.6 Hz, 1H), 7.85

(d,J = 2.0 Hz, 1H), 7.83 (d] = 9.2 Hz, 1H), 7.57-7.54 (m, 2H), 7.40-7.37 (m,)4H
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7.31 (dd,J = 2.8 Hz, 2H), 4.92 (d] = 7.2 Hz 2H), 3.68 (s, 3H}*C NMR (400 MHz,
DMSO-d;) 6 154.74, 150.10, 149.26, 147.84, 146.18, 136.83,183 130.63, 127.07,
126.33, 125.80, 124.99, 124.12, 122.68, 116.68,4¥14.00.71, 55.01, 51.59, 33.97,
30.93; HR-MS(ESI): calcd for &H,5CINoO [M+H]" 405.1734; found: 405.1741.

4.1.13. 6-chloro-2-methoxy-N-(2-(trifluoromethylyeyl)acridin-9-amine (8m). Yield
5%; mp 195.8-196.9C; *H NMR (400 MHz, DMSO-g) & 8.16 (d,J = 9.2 Hz, 1H),
8.09 (d,J = 8.0 Hz, 1H), 7.88-7.77 (m, 3H), 7.60-7.56 (m,)2A.42-7.40 (m, 2H),
7.30 (d,J = 9.2 Hz, 1H), 5.09 (s, 2H), 3.60 (s, 3tC NMR (400 MHz, DMSO-g) &
154.93, 149.85, 149.26, 146.16, 136.84, 132.82,8030129.32, 128.30, 127.66,
127.23,125.24, 124.31, 123.04,114.42,100.12,5484,7,28.78; HR-MS(ESI): calcd
for CosH16CIFsNLO [M+H]* 417.0982; found: 417.0970.

4.1.14. 6-chloro-2-methoxy-N-(3-(trifluoromethylyeyl)acridin-9-amine (8n). Yield
53%; mp 116.7-118.4C; *H NMR (400 MHz, DMSO-g) § 8.30 (d,J = 9.2 Hz, 1H),
7.89 (s, 1H), 7.87 (s, 1H), 7.81 @z 9.2 Hz 1H), 7.75 (d] = 7.2Hz, 1H), 7.65-7.57
(m, 3H), 7.51 (dJ = 2Hz, 1H), 7.39 (dd] = 9.2, 2.4 Hz, 1H), 7.32 (d,= 7.6 Hz, 1H),
5.05 (s, 2H), 3.72 (s, 3H}*C NMR (400 MHz, DMSO-g¢) & 154.89, 150.10, 141.61,
133.53, 130.83, 129.41, 129.28, 129.12, 128.80,9825125.40, 124.00, 123.52,
123.39, 123.35, 122.69, 55.03, 51.76; HR-MS(ESBIcd for GH1sCIF3NO
[M+H]" 417.0982; found: 417.0987.

4.1.15. 6-chloro-2-methoxy-N-(4-(trifluoromethylyeyl)acridin-9-amine (80). Yield
42%; mp 141.3-142.7 °CH NMR (400 MHz, CDCI3) 8.09 (s, 1H), 8.00 (d, J = 9.6
Hz, 1H), 7.90 (d, J = 9.2 Hz, 1H), 7.63 (d, J =Bz 2H), 7.52 (d, J = 8.0 Hz, 2H),
7.40 (dd, J =9.2, 2.4 Hz, 1H), 7.28 (dd, J = 9.6,Hz, 1H), 7.26 (s, 1H) 7.08 (d, J
= 2.4 Hz, 1H), 4.97 (s, 1H), 4.85 (s, 2H), 3.743(d); **C NMR (101 MHz, CDCI3)p
156.47, 148.96, 148.19, 143.43, 134.94, 130.75,4830130.10, 129.78, 127.59,
126.01, 125.98, 125.94, 125.90, 125.37, 124.94,4123122.67, 118.62, 116.58,
98.98, 55.32, 53.99; HR-MS(ESI): calcd fori8;¢CIFN,O [M+H]* 417.0981; found:
417.0986.

4.1.16. 6-chloro-2-methoxy-N-(4-methoxybenzyl)aori@-amine (8p). Yield 65%;
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mp 156.6-157.7 °CH NMR (400 MHz, DMSO-g) 5 8.31 (d, J = 9.2 Hz, 1H), 7.86
(s, 1H), 7.81 (d, J = 9.2 Hz, 1H), 7.60 (s, 1H397(d, J = 9.6 Hz, 1H), 7.35 (d, J = 8.0
Hz, 2H), 7.28 (d, J = 9.2 Hz, 1H), 7.35 (d, J = BA) 2H), 6.90 (d, J = 8.0 Hz, 2H),
4.90 (s, 2H), 3.77 (s, 3H), 3.71 (s, 3H}C NMR (101 MHz, DMSO-¢) § 158.25,
154.91, 150.15, 147.71, 133.38, 131.73, 130.45,9827126.81, 126.21, 124.11,
122.61, 116.98, 114.61, 113.80, 100.93, 55.33,548.49; HR-MS(ESI): calcd for
CasH1aCINLO, [M+H] " 379.1213; found: 379.1205.

4.1.17. 6-chloro-N-(3,4-dimethoxybenzyl)-2-methogwdin-9-amine (8q). Yield
61%; mp 159.8-160.4 °CH NMR (400 MHz, DMSO-g¢)  8.34 (d, J = 9.6 Hz, 1H),
7.86 (s, 1H), 7.82 (d, J = 9.2 Hz, 1H), 7.62 (&, 1.6 Hz, 1H), 7.39 (dd, J =9.2, 2.0
Hz, 1H), 7.30 (d, J = 7.6 Hz, 1H), 7.04 (s, 1HP3&-6.875 (m, 2H), 4.89 (s, 2H),
3.78 (s, 3H), 3.70 (s, 3H), 3.67 (s, 3HJc NMR (101 MHz, DMSO-g) & 154.82,
150.18, 148.55, 147.63, 133.29, 132.14, 130.42,4929126.84, 126.10, 124.11,
122.63, 118.63, 114.58, 111.57, 110.59, 100.632%555.20; 55.16; 51.69;
HR-MS(ESI): calcd for gzH,:CIN,Os [M+H] ™ 409.1319; found: 409.1314.

4.1.18. 6-chloro-N-(3,5-dimethoxybenzyl)-2-methoswdin-9-amine (8r). Yield 79%;
mp 147.9-149.5 °C*H NMR (400 MHz, DMSO-¢) 5 8.31 (d, J = 9.2 Hz, 1H), 7.86
(s, 1H), 7.81 (d, J = 9.2 Hz, 1H), 7.60 (d, J = B4 1H), 7.40 (dd, J = 9.2, 2.8
Hz,1H), 7.31 (dd, J = 9.2, 2.0 Hz, 1H), 6.63 (s),26439 (t, J = 2.0 Hz, 1H), 4.90 (s,
2H), 3.76 (s, 3H), 3.69 (s, 6H)*C NMR (400 MHz, DMSO-g) § 160.45, 154.82,
150.29, 142.40, 133.48, 126.05, 124.05, 122.61,8116114.43, 104.57, 101.05,
98.56, 55.38, 55.15, 54.91, 51.94; HR-MS(ESI): @¢aflor C3H,:CIN,Oz [M+H]”
409.1319; found: 409.1328.

4.1.19. N-(benzo[d][1,3]dioxol-5-yImethyl)-6-chlo@® methoxyacridin-9-amine (8s).
Yield 44%: mp 158.6-160.4 °CH NMR (400 MHz, DMSO-g) 5 8.30 (d, J = 9.6 Hz,

1H), 7.86 (s, 1H), 7.81 (d, J = 9.6 Hz, 1H), 7.680J = 2.4 Hz,1H), 7.40 (dd, J = 9.2,
2.4 Hz, 1H), 7.30 (dd, J = 9.2, 2.0 Hz, 1H), 7.8p1H),6.92-6.86 (m, 2H), 4.88 (s,
2H),3.80 (s, 3H)**C NMR (400 MHz, DMSO-g) § 154.85, 150.17, 147.22, 146.02,
133.57, 133.50, 129.50, 126.16, 124.06, 122.57,7519116.85, 114.42, 107.95,
107.14, 101.05, 100.69, 100.71, 55.25, 51.69; HREMH: calcd for G;H17CIN2O3

[M+H]* 393.1006; found: 393.1008.
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4.1.20. 6-chloro-2-methoxy-N-(3,4,5-trimethoxybebagridin-9-amine (8t). Yield
27%; mp 200.7-202.3 °CH NMR (400 MHz, DMSO-g) § 8.35 (d, J = 9.2 Hz, 1H),
7.88 (s, 1H), 7.82 (d, J = 9.2 Hz, 1H), 7.59 (&, 2.4 Hz ,1H), 7.40 (dd, J = 9.6, 2.4
Hz, 1H), 7.34 (dd, J = 9.2, 2.0 Hz, 1H), 6.77 (d),24.89 (s, 2H), 3.75 (s, 3H) , 3.69
(s, 6H) , 3.63 (s, 3H)"*C NMR (400 MHz, DMSO-g) & 154.94, 152.86, 150.53,
136.30, 135.79, 133.52, 126.19, 124.21, 122.89,2P217114.93, 104.03, 100.99,
59.92, 55.71, 55.21, 52.47; HR-MS(ESI): calcd fesH3sCIN,O, [M+H]* 439.1425;
found: 439.1423.

4.1.21. 6-chloro-N-(4-(difluoromethoxy)benzyl)-2-thexyacridin-9-amine  (8u).
Yield 10%; mp 121.8-123.1 °CH NMR (400 MHz, DMSO-g) 5 8.31 (d, J = 9.2 Hz,
1H), 7.86 (s, 1H), 7.81 (d, J = 9.2 Hz, 1H), 7.87J = 2 Hz, 1H), 7.51 (d, J = 8.4,
2H), 7.43-7.02 (m,4H), 4.99 (s, 2H), 3.75 (s, 3BE NMR (400 MHz, DMSO-g¢) &
154.88, 150.46, 149.70, 146.98, 136.63, 133.79,2628126.17, 125.80, 124.19,
122.66, 118.38, 116.84, 116.08, 114.27, 113.52,170®5.20, 51.27; HR-MS(ESI):
caled for GoH17CIFN,O, [M+H] ™ 415.1025; found: 415.1019.

4.1.22. 6-chloro-N-(3-fluoro-4-methoxybenzyl)-2-mexyacridin-9-amine  (8v).
Yield 71%; mp 145.4-147.2 °CH NMR (400 MHz, DMSO-g) 5 8.29 (d, J = 9.2 Hz,
1H), 7.89 (s, 1H), 7.84 (d, J = 9.6 Hz, 1H), 7.57/1H), 7.51 (s, 1H), 7.40 (d, J = 8.4
Hz, 1H), 7.30 (dd, J = 12.6,1.6 Hz 1H), 7.18 (& 8.8 Hz, 1H), 7.12 (t, J = 8.4 Hz,
1H), 4.89 (s, 2H), 3.79 (s, 3H), 3.78 (s, 3HC NMR (400 MHz, DMSO-g¢) &
154.88, 152.45, 150.02, 149.95, 145.90, 145.80,3¥33132.81, 126.05, 123.99,
122.75, 122.72, 117.08, 114.67, 114.39, 114.21,661300.82, 55.80, 55.20, 51.12;
HR-MS(ESI): calcd for gH1sCIFN,O, [M+H] " 397.1119; found: 397.1109.

4.1.23. 6-chloro-N-(3,5-difluoro-4-methoxybenzyba®ethoxyacridin-9-amine (8w).
Yield 81%; mp 195.2-196.9 °CH NMR (400 MHz, CDCI3)% 8.11 (s, 1H), 8.03 (d, J
= 9.2 Hz, 1H), 7.92 (d, J = 9.2 Hz, 1H), 7.43 (d& 9.2, 2.4 Hz, 1H), 7.34 (dd, J =
9.2, 2.0 Hz, 1H), 7.12 (s, 1H), 7.00 (d, J = 4.8 H), 4.73 (s, 2H), 4.01 (s, 3H), 3.84
(s, 3H); *C NMR (400 MHz, CDCI3)§ 157.25, 157.19, 156.60, 154.77, 154.70,
148.75, 135.01, 134.62, 125.51, 124.96, 123.46,7818116.67, 111.18, 111.11,

111.01, 110.95, 99.87, 61.90, 55.44, 55.43, 29.HR-MS(ESI): calcd for
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C22H17CIFN,0, [M+H] " 415.1025; found: 415.1024.

4.2. Cell Proliferation Assay

Cell proliferation assays based on MTT were per&mnwith 6 cancer cell lines.
Briefly, cells were seeded in 96-well plates atemsity of 4-8 x 18 cells per well
with incubation overnight in a 5% GOncubator at 37 °C, the growth medium in
each well was then exchanged with 0.1 mL of frestdioom containing graded
concentrations of compounds to be tested or egME8® and incubated continuously
for 48 h. Then 1QL MTT solution (5 mg/mL) was added to each wellddhe cells
were incubated for additional 4 h. The MTT-formazaystals were dissolved in 100
uL of DMSO, the absorbance of each well was measwaedi90 nm using
anautomatic ELISA reader system (TECAN, CHE). Esigj@ and Doxorubicin were

used as positive controls.

4.3. Human Topo | and Topaltelaxation Assay

The inhibition of compounds to Topoisomerases | &oypb llo were determined by
assessing the relaxation of supercoiled pBR322npthsDNA. The assay was
performed in a final volume of 2@QL reaction volume containing 500 ng of
supercoiled DNA pBR322 (Takara Biotechnology, Jaard 1 unit of human Topo |
(Takara Biotechnology, Japan) or Topa (USB Corp., USA) with or without our
compounds in the reaction fier. The reaction mixtures were incubated at 37A01C f
10-15 min and terminated by adding4 of DNA loading buffer. Electrophoresis was
performed on a 0.8% agarose gel at 80 V for 30imiPAE bufer. Then stained gels
for 10 min with ethidium bromide (2.6g/mL) and destain in water for 5 min. DNA
bands were visualized with UV light. CamptothecB8igfna, USA) was used as a
positive control as topo | inhibitor and etopos{@&gma, USA) were used as a Topo

Il inhibitor, respectively.

4.4. Absorption spectra

Compound 8p was diluted into Tris-HCI buffer (pH)7to a final concentration of

10 uM and then ctDNA was added with concentration ot40pM. After 5 min
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standing the solution was subjected to UV-vis gitsom spectra measurement on a

Beckman Coulter DU 800 spectrophotometer.

4.5. Fluorescence emission spectra

Compounds 8p was diluted to a final concentratiob0gfM in Tris-HCI buffer (10
mM, pH 7.4), followed adding ctDNA into the systeifhe final concentration of
ctDNA was ranged from O to 64M. Fluorescence mission spectra were determined
on Fluorolog spectrometer with Xenon arc lamp usgaexcitation light source. The
emission spectra were detected from 420-750 nm anttexcitation wavelength of
400 nm.

4.6. FACS Analysis

For uptake studies, the cells have been treated Fowith 8p (1 and fM). After
incubation, the cells were trypsinized and pellefBae pellets were resuspended in
200 uL of PBS and immediately analyzed by FACS. A minimof 10000 cells for
each sample were acquired and analyzed with ateelxeiavelength of 400 nm.

For cell cycle Analysis, approximately 2 x*1ells per well were seeded in six-well
plate and incubated for 12 h in serum-free mediottowing treated with graded
concentrations of compounds for 24 h. Cells wemnwdsdied by trypsinization, then
fixed in ice-cold absolute methanol. Cells werengdi with 4ug/mL Pl and 0.1
mg/mL RNaseA in PBS. After incubated in the darkcam temperature for 30 min,
simples were subjected to flowcytometric analysis.

For Annexin V-propidium iodide assay, A549 cellsreveeeded in a six-well plates
in a density of 2 x T0cells per well, incubated overnight and then &eatith graded
concentrations of compounds for 24 h. Cellular apsip was determined by annexin
V-PI apoptosis detection kit (Beyotime, CN) followi its instructions. Cells in early
or late apoptotic phases were represented as ctiveuf@ercentage compared with

control.

4.7. Comet Assay

Approximately 16 A549 cells per well were seeded in a 6-well platith
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incubation for 12 h. Cells were then treated witbpeside or compounds for 24 h in
serum free media and DMSO group was set as corfha. collected cells were
resuspended in ice-cold PBS at a density 8fmD. 7 pL of the prepared cells were
mixed with 70 uL of low-melting agarose at 37 °C and spread ongulzded
normal-melting agarose, then covered with low-mgltiagarose after it was
coagulated. Then the slides were submerged in lygifer for 2 h followed in the
alkaline solution for 0.5 h at 4 °C. Electrophosesias performed at 300 mA in
alkaline solution for 25 min in dark. Slides wereutralized thrice with Tris-HCI
buffer then stained with PI for 10 min in dark at@. Comet images were captured
with a fluorescent microscope microscope (Olym@dapan). A total of 50 A549 cells
were randomly selected for statistical analysise Tésults were represented in the
extent of DNA damage.

4.8. Western Blot Assay

A549 cells were grown on 60 mm plates at 1tells until reaching 80%
confluency. The cells were then treated with grameetentration of compounds to be
tested and incubated for 48 h and harvested bitrigation. Collected Cells were
lysed in lysis bffer solution containing 50 mM Tris-HCI, 300 mM NaQPb6 Triton
X-100, 10% glycerol, 1.5 mM Mggl1 mM CaC}, 1 mM PMSF, and 1% protease
inhibitor cocktail. Then 4Qug of protein per sample was resolved by 12 or 15%
SDS-PAGE and transferred to a PVDF membrane (Milép USA). The membranes
were blocked with 5% skim milk in Tris Hiered saline containing 0.1% Tween 20
(TBST) and probed with primary antibodies in a tido ratio of 1:1000 for 6-8 h.
The blots were washed, exposed to HRP-conjugatedabbit IgG (Cell Signaling
Technology Inc. USA) in a dilution ratio of 1:20680r 2 h, and detected with ECL
Western blotting detection reagent (Animal Genetios., Korea). All primary
antibodies used were purchased from Cell Signdleahnology Inc. (USA). Western
blot images were taken by LAS-3000 (Fuji Photo F@m., Ltd., Japan) and analyzed
using Multi-Gauge Software (Fuji Photo Film Co. Ltdapan).
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A series of 9-benzylamine acridines were synthesi zed.

Thein vitro cytotoxic effects in cancer cells were evaluated.

All the compounds displayed good topoisomerase |1 inhibition activity.
Compound 8p acted as a potent DNA-binding Ligand and topoisomerase 1l
inhibitor.

Compound 8p induced a potent apoptotic response in A549 lung cancer cells.
Compound 8p arrested A549 lung cancer cells at the G2/M-phase.



