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Molecular design, synthesis and biological research of novel pyridyl acridones as

DNA-binding and apoptosis-inducing agents

A series of novel pyridyl acridone derivatives comprised of a pseudo-five-cyclic
system to extend the m-conjugated acridone chromophore were designed and

synthesized as potent DNA binding and apoptosis-inducing agents.
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Abstract

A series of novel pyridyl acridone derivatives carmsged of a pseudo-five-cyclic
system to extend the-conjugated acridone chromophore, were designed and
synthesized as potent DNA binding antitumor compisunMost synthesized
compounds displayed good activity against humakeeua K562 cells in MTT tests,
with compound6d exhibiting the highest activity with Kg value at 0.46uM.
Moreover,6d showed potent activities against solid tumor te#s (0.16-3.7uM).
Several experimental studies demonstrated thatatiteumor mode of action of
compoundéd involves DNA intercalation, topoisomerase | inhitit, and apoptosis
induction through the mitochondrial pathway. In soany, compoundd represents a
novel and promising lead structure for the develeptmof new potent anticancer

DNA-binding agents.
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1. Introduction

Cancer is a challenging disease with the secorttebtgmortality rate[1]. While
targeted anticancer drugs have been developed landally used, chemotherapy
remains an important first-line treatment optiom ¥@rious cancers[2-5]. Therefore
efforts have been continuously made for the devety of more potent and less
toxic anticancer chemotherapy drugs[6-11]. As parhe efforts in the discovery of
potent antitumor agents, we have developed seseras of new compounds such as
aminopyrrolidine[12], tricyclic thiophene analog{£3 and acridine/acridone
derivatives[14-19] with good antitumor activity. &@hpolycyclic acridine/acridone
derivatives haver-conjugated planar structure, which makes themulsaef many
applications[20-22], such as pigments and dyestafiibacterial agents, antipsoriatic
agents[23, 24], anticancer drugs[20, 25, 26]. Anathcridones can intercalate into
the double stranded DNA base pairs and then inttiitgt activity of DNA-related
enzymes such as topoisomerases[27, 28] and teleesf?®, 30]. Recently, a number
of acridine/acridone drugs have entered clinicalgror preclinical studies[1, 20],
such as Imidazoacridone (C-1311), Pyrazoloacri(izA), N-[2-(dimethylamino)-
ethyl]-acridine-4-carboxamide (DACA), 9-[4-(N,N-dethylamino)phenylamino]-
3,6-bis(3-pyrrolodino-propionamido)acridine (BRACKO) and AmsacrinentAMSA)
(Figure 1), which suggests the usefulness of the relevariecntar scaffolds for
developing effective anticancer chemotherapy daugs indicates the possibility of
further exploring these molecular scaffolds for@leping agents with more improved

properties.



Acridone, which is shown ifrigure 2, has three planar rings. Earlier studies
have suggested that, by adding rings, the resudtanigline/acridone derivatives such
as C-1311[31] and PZA[32] may have enhanced DNAlibigp capability. Because of
the difficulties in adding more rings to acridineddone, it is desirable to rationally
introduce ring additions that likely increase tlutiaties. By analyzing the structure
of acridone, the introduction of amino group atr Bgosition and carboxy group at 4
or 6 position may enable the formation of intrancalar hydrogen bonds (IMHBS)
with the C=0 and N-H groups on the acridone ringpeetively. These two IMHBSs
could form a pseudo-five-cyclic system, which migittend then-conjugated
acridone chromophore and improve the DNA bindingjtgb

Moreover, the carboxamide group with terminal amswbstituents on the
acridine ring are beneficial for the DNA bindings #ound in molecules such as
DACA[33, 34], BRACO-19[35]. We therefore introducéis group to acridones to
improve the antitumor activity. We further notedatthm-AMSA achieves potent
anticancer activity by the interaction with DNA andpoisomerase and the
substitution pattern of its 9-anilino group pagtaies in the interaction with
topoisomerase. Based on the structuremeAMSA, we hypothesized that anilino
group at 1 or 8 position may be beneficial for theeraction with topoisomerase.
Molecular docking in our studyF{gure 3) indicated that acridone derivatives with
pyridylalkyl amino group have better DNA-topoisorage | (DNA-topo 1) binding
affinity than those with anilino groups (Moleculadocking studies of the

representative acridone compound with anilino gragmpoundA with topo I-DNA



complex modelFigure 1S, supporting information).

Therefore, two series of acridone derivativesand Il (Figure 2) may be
introduced. As compount have two big substituents on the two sides ofdacw
ring (Molecular docking studies of the represemtatcompoundB, Figure 2S,
supporting information), which are not good for DNi#po | interaction, compound
was selected to be synthesized and evaluated &b d@imtitumor activity. Denny’s
group[33] revealed that the substitution patter€bfposition on acridine ring played
an important role in the antitumor activity. Thenef, a series of groups including
electron-donating and electron-withdrawing groupsrevfurther introduced on C5
position on the acridone scaffold to study thecttrre-activity relationship (SAR).

Based on the above described rational analysisjegggned and synthesized a
series of novel pyridyl acridone derivativea-w and 7a-c as our target compounds
based on the following attributes: (a) the presewfcé-carboxamide side chain, (b)
the presence of 5-substituted group, and (c) iotcivd) pyridinylalkyl group on the C
ring on the acridone scaffold. The antiproliferatieffects of the pyridyl acridone
derivatives on K562 cells were evaluated and thR 84s discussed. The most active
compoundéd was selected to investigate the mode of actioe. rEsults showed that
the synthesized pyridyl acridones exhibits broatit@nor activity, interacts with
DNA and inhibits topo | activity and induces apagp$o through mitochondrial
pathway.

2. Resultsand discussion

2.1. Chemistry



The synthesis of compounda-w and 7a-c is shown inScheme 1. First,
compounds3a-e were obtained from the Ullmann reaction of 2,4-thobbenzoic
acid 2 with anthranilic acidla or its derivativeslb-e in DMF using Cu as the
catalyst[16, 17]. Subsequent Friedel-Crafts aaytatvas carried out in concentrated
sulfuric acid at 80 °C for 5 h to give acridone&Huoxylic acid derivativeda-e in
high yields[36], which were then reacted with th@responding primary aliphatic
amines using N,Ncarbonyldiimidazole (CDI) as the condensation #§@&hto afford
the intermediates acridone-4-carboxami&ag. The desired compounda-w and
7a-c were produced by the nucleophilic substitution lestw the corresponding
acridone-4-carboxamides and various picolylamineg-pyridineethanamine under
argon atmosphere. Structures were confirmed'yNMR, *C NMR and high
resolution mass spectral data.

2.2. In vitro cytotoxicity

As most acridone and acridine derivatives showetiebentitumor activity
against leukemia tumor cells than solid tumor ¢4k the vitro cytotoxicity of 26
desired pyridyl acridone derivatives against huneukemia K562 cells was first
assayed by MTT reduction method. Adriamycin andlatin were used as the
positive controls. The structures and bioactiveaguits were shown ifiable 1. Most
of these compounds had better antitumor activitgntitisplatin. Compoundd
showed the highest activity with 4¢£value at 0.46.M, which was comparable to
adriamycin.

The structure-activity analysis of the data Table 1 indicated that the



substitution of the acridone ring played an imparteole on the antitumor activity.
First, the length of alkyl chains between the Njh@thylamino group and
4-carboxamide group had great influence on thetwantr activity. Compounds
containing two methylene units displayed betteipaaliferative activity than those
containing three methylene units, suggested byGbgvalues ofeb vs. 6e, 6¢ vs. 6f,

6d vs. 6g, 6k vs. 60. However, when four methylene units existed, thtoxicity
increased, for example, compoufid displayed approximately 2-fold more active
than6u. In addition, R group on the 4-carboxamide side chain had a gféatt on
the antitumor activity. Compounds with N,N-dimetaylino group displayed better
antitumor activity than those with methoxy groughieh can be seen from thesiC
values of6b and6h, 6c and6i. Most compounds with methoxy group displayed no
cytotoxicity (1Gso > 50 uM).

From the biological data of these pyridyl acridaegivatives shown iffable 1,
most of them had a gratifying antiproliferative iaity against K562 cells. These
suggested that the position of nitrogen atom ondme ring (2-pyridyl, 3-pyridyl,
and 4-pyridyl) may have little important influenoa the cytotoxicity. In order to
evaluate whether the number of pyridyl group hagffect on antitumor activity, we
also introduced 2;bispyridyl group to the acridone scaffolfiaple 2). However, the
results led reduction of antitumor activity commhreo mono-pyridyl acridone
derivatives with N,N-dimethylamino group. For insta,6k had significant antitumor
activity with 1G5 of 2.28 uM, while the 16 of 7b was 13.90 uM. Moreover, the

length between the pyridyl group and 1-amino gronghe acridone scaffold also had



an important influence on the antiproliferativeiaty, which can be seen from the the
ICsp values ofon (m = 2) anddm (m = 1).

The substitution on C5 position of acridone or @ioce ring reportedly plays an
important role on the antitumor activity[33]. Weethfore synthesized several
compounds containing electron-donating or elecwithdrawing groups on C5
position. The testing results suggested that thednction of methyl group on C5
position of acridone significantly increased théotgxicity. Compounds with methyl
group 6d) showed more than 14-fold better antitumor actithan 6a. When the
more electron-donating group methoxyl was introdiid8m resulted in reduced
antiproliferative activity compared witld. Introduction of electron-withdrawing
group in the case dv (5-trifluoromethyl) andéw (5,7-dichloro) also produced less
cytotoxicity compared witheéd. The results indicated that electron-negativityd an
steric effect on C5 position of acridone may chatigecytotoxic profile.

In order to study whether the highly potent compgb6d have broad antitumor
activities against solid tumor cells, we testedntvarious cancer cell lines including
NCI-H520, U251, A375, A172, Hela, CNE-2, U118-MGepG2 and MCF-7 cells
with the results shown ifable 3. Our testing results showed tl&at also have potent
activities against these solid tumor cells. Fornepie, the 1G, values against A375
cells and HepG2 cells were 0.1 and 0.32uM, respectively. Therefor&gd was
selected to study the antitumor mechanism.
2.3.Molecular modeling

Molecular docking studies of the representative moumd6d with topo I-DNA



complex model (PDB ID: 1K4T) were conducted usirge tDiscovery Studio
3.1.1/Libdock protocol. The LibDockScore is 194.83& shown inFigure 3a and
Figure 3b, pi-pi interactions were formed between the agaredang (A-ring, B-ring
and C-ring) oféd and DNA base pairs (DT10, TGP11, DC112 and DA1WR)eover,
specific interactions ddd with topo | included: (a) three hydrogen bonds, forened
between the nitrogen atom (N) at the pyridyl rimgl 8Arg488 (N---H-NH), with the
distance of 3.0 A; another formed between C=0 ainB-of acridone and NHof
Arg364 (C=0---H-NH), with the distance of 2.9 Ae thther formed between N(G}d
on the 4-carboxamide side chain and,NifiLys751 (N---H-NH), with the distance of
3.1 A; (b) three pi-pi interactions forming betweéme three rings at acridone
backbone (A-ring, B-ring and C-ring) and Asp533); tfl@o cation-pi interaction, one
existing between the pyridyl ring and an ammoniuation of Arg364, the other
existing between C-ring of acridone ameNH, of Lys751. Figure 3c showed
interactions between the receptor and the ligand2bndiagram. These analyses
suggest tha®d may intercalate into DNA and bind with topo | tont@bute or partly
contribute to its observed anti-tumor activity.
2.4. UV-visible spectral absorbance

UV-visible spectral absorbance has been universtiployed to examine the
binding mode of DNA with small molecules [17, 38t this study, the interactions
of 6d with Calf thymus DNA (ct DNA) were firstly investiged using absorption
spectroscopy. The absorption spectr&wmin the absence and presence of ct DNA at

constant concentration are givenkigure 4a. In the absence of ct DNAd had



strong absorbance peak at about 425 nm. IncreagingNA concentration, the
absorption bands d@d displayed clear hypochromism with a concomitantaonired
shift. These phenomena indicated tBaprobably interact with DNA by intercalation
mode, involving a stacking interaction between dame ring oféd and DNA base
pairs[38].

In order to further elucidate the binding capaypitt 6d, the binding constan,
was determined by monitoring the changes in absogat 425 nm with increasing
concentrations of ct DNA. The equation (1) was usechlculate the binding constant
Kp[41] (Figure 4b). In this equation, [DNA] represents the ct DNAcentrations in
base pair, while,, ¢ andep are the extinction coefficient of the compoundapton
band at a given ct DNA concentration, the compkhee fin solution and the complex
when fully bound to DNA, respectively. Th&, is calculated by the gradient ratio to

the intercept. The value &, was derived to be 5.1 x 1M™.

[DNA] / (ea-¢f) = [DNA] / (ep- &) + 1 /Kp (en- &) (1)

2.5. Fluorescence emission spectra

Fluorescence spectral technique is an effectivdodeto study the interaction of
organic compounds with DNA[17, 38, 42]. The bindimgode of DNA with
compound6d was further investigated using fluorescence emissEpectroscopy.
Fixed amount oBd was titrated with increasing amounts of ct DNAeTesults can
be seen irFigure 5a. Enhanced fluorescence intensity was obtained initleasing
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ct DNA concentration indicating a deep intercalatiaf 6d with DNA. This result
may suggest efficient protection 68 from water by the hydrophobic environment
inside the DNA helix[41]. In addition, the fluoregwe intensity reached saturation
gradually with increasing ct DNA concentration, ahe terminal concentration of
DNA was ten-fold higher thafd, the increasing fluorescence trend can be seen in
Figure 5b.
2.6. DNA-EB displacements

The intercalation mode @d binding to DNA was further investigated using the
competitive binding displacement experiment[41]hi&ium Bromide (EB) is a
conjugate planar molecule, and its fluorescencensity is very weak in the absence
of duplex DNA. However, the fluorescence intenditgreases greatly when EB
intercalates into the base pairs of double-stramé4. If there has a compound that
can compete with EB for DNA-binding sites, the flescence quenching of DNA-EB
system is observed. In order to investigate whedezan intercalate into DNA, the
competitive binding displacement experiments wereied out, which were shown in
Figure 6a. The emission intensity of DNA-EB system at ab600 nm decreased
distinctly when the concentration 66 increased and an isoactinic point appeared at
about 500 nm. The phenomenon suggested @tiatan intercalate into DNA. To
confirm the binding affinity obd with DNA quantitatively, the classical Stern-Volme

equation (2) was used to calculate the bindingteotid 7] Figure 6b).

Fo/F=1+Kq[Q] (2)

11



In the equation abovéy is the fluorescence emission intensity in the absef
the quencher, whil€& is the fluorescence emission intensity in the gmes of the
quencher and [Q] is the concentration of the quencFhe quenching constalky of
6d was 1.0x16M™, which is in accordance with the absorption spectr
2.7. Viscosity experiments

Viscosity experiment is considered as one of tlhstlambiguous and the most
critical tests of the binding modes of compound®MA[39, 41]. The viscosity of a
DNA solution was sensitive to the addition of compds bound by intercalation[38].
The relative changes in viscosity were measuredgust DNA with increasing
concentrations o8d, which were shown ifrigure 7. In the presence of increaséd
DNA viscosity increased, which further confirmeat8Bd could bind to DNA through
intercalation binding mode.

2.8. DNA topo | inhibition assay

Most acridine/acridone derivatives can interachvidNA and inhibit the activity
of topoisomerases, it is of interest to evaluateetivr the synthesized acridone
derivatives can also inhibit the activity of topmiserasesFigure 8 showed the
relative affinity of all synthesized compounds ¢ trelaxtion of plasmid pBR322
DNA mediated by topo I. The results indicated timaist of the compounds displayed
good topo | inhibitory activity, however, neitheyrjayl acridone compounds with
methoxy group on the 4-carboxamide side chain @hg. and6r-t) nor bispyridyl
acridone derivatives7é-c) showed any topo | inhibitory activities, which rgein

12



accordance with their antitumor activities. All $iee data suggested that these
compounds may have antiproliferative activity byemacting with DNA and then
inhibiting topo 1.

2.9. Apoptosisinduced by compound 6d

The above data indicated tt@tt may bind with DNA and inhibit topo | activity,
which was expected to subsequently lead to apapiascancer cells. In order to
evaluate this hypothesis, an Annexin-V/PI bindisgay was conducted in K562 cells
as shown irFigure 9. The lower right-hand quadrants (R4) displayedeady stage
of apoptotic cells. The upper right-hand quadrdR2) displayed the late stage of
apoptotic or necrotic cells. K562 cells were trdatath 6d at the concentrations of 0,
0.05, 0.25, 0.5, 1 and 24aM for 48 h. As the concentration &l increased, the
percentage of early stage apoptotic cells increésed 8.98% to 54.93%. From the
results we conclude thatéd can effectively induce K562 cells apoptosis in a
dose-dependent manner.

Apoptosis can be triggered by either intrinsic ritondrial or death receptor
pathways. In order to understand which pathway @uthtinduced apoptosis, the
activity of cleaved caspase-9, caspase-3 and aaSpass first tested. As shown in
Figure 10, 6d at 1 uM for 36 h induced significant activation of cleaveaspase-9,
caspase-3 and caspase-7, suggesting that the ontiédd pathway was involved in
the 6d-induced apoptosis.

PARP (poly ADP-ribose polymerase) is the substratecaspases. During
apoptosis, caspases mediated PARP cleavage, whatdtiviates the enzyme by

13



destroying its ability to respond to DNA strand dke. The results ifrigure 10
revealed the generation of the cleaved PARP. Aatthfiy, Bcl-XL, an important
member of Bcl-2 family proteins, plays an importante in extending cellular
survival. Compoundéd at 1 uM effectively decreased the expression of Bcl-XL
protein as shown irFigure 10, which further confirmed that cell death through
apoptosis.

Moreover, the mitochondrial membrane potential (MMB] was tested to
confirm compoundéd induced apoptosis through the mitochondrial pathvine
K562 cells were stained with
5,5,6,6-tetrachloro-1,13,3-tetraethylbenzimidazolyl-carbocyanine iodide (JC-1
probe and imaged by fluorescent microscope. JC+41 aggregate in normal
mitochondria and presents red fluorescence, whil@roduces increased green
fluorescence when the potential of mitochondrial mbeane is low.
Carbonylcyanide-m-chlorophenylhydrazone (CCCP) used as the positive control.
As shown inFigure 11, the red fluorescence decreased and the obvioesngr
fluorescence increased witbd added. From the results abowd could induce
apoptosis through mitochondrial pathway.

3. Conclusion

Based on rational analysis and molecular modelingliss, a series of novel
acridone derivatives were synthesized by combinatd pyridyl group and the
acridone-4-carboxamide scaffold, most of which sk@vgood cytotoxicity against
K562 cells. In particular, compour@ti showed potent activities against K562 cells

14



(0.46 uM) and nine solid tumor cell lines (0.16-3.4M). The DNA-binding
properties oféd have been investigated by spectrophotometric metheidcosity
measurements and topo | inhibition assay, whichaestnated tha6d interacts with
DNA, inhibits topo | activity and induces apoptodisrough the mitochondrial
pathway. Our study showed the promising potenfi@lompoundod as a potent DNA
binding anticancer lead compound and further ogiton works were planned for
developing it and other analogs into effective @rcer agents.
4. Experimental section
4.1. Synthesis and characterization
See supporting information for synthetic methodd dre preparation of compounds
3a-e, 4a-e and5a-j.
4.1.1. General procedurefor compounds 6a-w and 7a-c.
9-0x0-9,10-dihydroacridine-4-carboxamide derivagiva-j, 0.28mmol) was
dissolved in various picolylamines (or 4-Pyridifeetamine, 2.80mmol). The
apparatus was flushed with argon and the mixture stiared at 90 °C until the TLC
showed the disappearance of the starting matdind. mixture was cooled to room
temperature and partitioned between,CH (50 mL) and water (50 mL). The organic
layer was worked up to give a residue which wa#ipdrby column-chromatography

eluted with EtOAC/EtOH (9:1 v/v) to give pure pradu

4111  N-(2-(dimethylamino)ethyl)-9-oxo-1-((pyridin-4-ylmethyl)amino)-9,10-
dihydroacridine-4-carboxamide (6a) yellow solid powder, Yield 10.3%; mp

15



183-185C; 'H NMR (400 MHz, CDCJ) & 13.46 (s, 1H), 11.52 (t, J = 5.7 Hz, 1H),
8.56 (dd, J = 4.6, 1.4 Hz, 2H), 8.37 (d, J = 7.8 Ha), 7.64 (dd, J = 11.8, 5.0 Hz, 2H),
7.38 (d, J = 8.2 Hz, 1H), 7.33 — 7.28 (m, 2H), 7(&51H), 6.98 (s, 1H), 6.03 (d, J =
8.9 Hz, 1H), 4.59 (d, J = 6.0 Hz, 2H), 3.52 (dd; 10.9, 5.2 Hz, 2H), 2.59 (t, J = 5.8
Hz, 2H), 2.31 (s, 6H)**C NMR (100 MHz, CDGJ) § 181.10, 169.12, 154.96, 150.19,
147.39, 144.88, 139.41, 133.60, 133.39, 126.06,0122121.90, 117.37, 107.14,
101.94, 99.74, 57.67, 45.72, 45.05, 36.65; HR-M$ESalcd for [M+H] 416.2087;

Found: 416.2097.

4.1.1.2. N-(2-(dimethylamino)ethyl)-5-methyl-9-oxo-1-((pyridine-2-ylmethyl)
amino)-9,10-dihydroacridine-4-car boxamide (6b) yellow solid powder, Yield
36.1%; mp 168-17Q; *H NMR (400 MHz, DMSOs) & 13.97 (s, 1H), 11.39 (§, =
5.3 Hz, 1H), 8.62 (d) = 4.2 Hz, 1H), 8.41 (1) = 5.3 Hz, 1H), 8.06 (ddl = 17.4, 8.4
Hz, 2H), 7.80 (tdJ = 7.7, 1.7 Hz, 1H), 7.60 (d,= 7.0 Hz, 1H), 7.44 (d] = 7.8 Hz,
1H), 7.33 (dd,) = 6.7, 5.1 Hz, 1H), 7.19 (#,= 7.6 Hz, 1H), 6.35 (d] = 9.0 Hz, 1H),
4.71 (d,J = 5.4 Hz, 2H), 3.41 (dd] = 12.5, 6.5 Hz, 2H), 2.53 (s, 3H), 2.49-2.42 (m,
2H), 2.22 (s, 6H)**C NMR (100 MHz, DMSQds) 8 180.28, 169.33, 157.84, 154.40,
149.67, 144.58, 138.46, 137.44, 135.09, 134.16,1825123.78, 122.93, 122.10,
121.77, 121.54, 106.33, 101.52, 100.46, 58.61, 94845.69, 37.60, 17.02;

HR-MS(ESI): Calcd for [M+H] 430.2243; Found: 430.2242.

4.1.1.3. N-(2-(dimethylamino)ethyl)-5-methyl-9-oxo-1-((pyridin-3-ylmethyl)

16



amino)-9,10-dihydroacridine-4-car boxamide (6¢c) yellow solid powder, Yield
36.1%; mp 149-15C; *H NMR (400 MHz, DMSO¢) & 13.93 (s, 1H), 11.22 (8, =
5.5 Hz, 1H), 8.67 (s, 1H), 8.57 — 8.42 (m, 2H),383(8,J = 8.6 Hz, 2H), 7.82 (d] =
7.8 Hz, 1H), 7.60 (d) = 6.9 Hz, 1H), 7.40 (ddl = 7.6, 4.9 Hz, 1H), 7.19 (= 7.6
Hz, 1H), 6.37 (dJ = 9.0 Hz, 1H), 4.67 (dJ = 5.6 Hz, 2H), 3.47-3.43 (m, 2H),
2.70-2.60 (m, 2H), 2.52 (s, 3H), 2.32 (s, 63C NMR (100 MHz, DMSOds) 5
180.43, 169.42, 154.51, 149.40, 148.95, 144.53,4538135.57, 135.21, 134.56,
134.23, 125.18, 124.19, 123.74, 121.83, 121.47,3004.01.76, 100.35, 58.27, 45.22,

43.81, 37.15, 16.95; HR-MS(ESI): Calcd for [M+HB0.2243; Found: 430.2244.

4.1.1.4. N-(2-(dimethylamino)ethyl)-5-methyl-9-oxo-1-((pyridin-4-ylmethyl)
amino)-9,10-dihydroacridine-4-carboxamide (6d) yellow solid powder, Yield
59.4%; mp 220-222; *H NMR (400 MHz, CDC}) 6 13.62 (s, 1H), 11.53 (§,= 5.7
Hz, 1H), 8.56 (dJ = 5.3 Hz, 2H), 8.25 (d] = 8.1 Hz, 1H), 7.64 (d] = 8.9 Hz, 1H),
7.50 (d,J = 7.0 Hz, 1H), 7.31 (d] = 5.2 Hz, 2H), 7.19 (t) = 7.6 Hz, 1H), 6.99 (s,
1H), 6.03 (dJ = 8.9 Hz, 1H), 4.59 (d] = 6.0 Hz, 2H), 3.52 (dd] = 10.7, 5.2 Hz, 2H),
2.63 (s, 3H), 2.55 (t) = 5.7 Hz, 2H), 2.28 (s, 6H}*C NMR (100 MHz, CDGJ) 5
181.38, 169.23, 154.87, 150.13, 147.50, 144.60,5%38133.79, 133.53, 125.02,
123.81, 121.92, 121.75, 121.60, 106.92, 102.08/19%7.68, 45.70, 45.09, 36.79,

17.14; HR-MS(ESI): Calcd for [M+H]430.2243; Found: 430.2246.

4.1.1.5. N-(3-(dimethylamino)pr opyl)-5-methyl-9-oxo-1-((pyridin-2-ylmethyl)
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amino)-9,10-dihydroacridine-4-car boxamide (6e) yellow solid powder, Yield
56.8%; mp 162-16€; *H NMR (400 MHz, CDC}) 5 13.85 (s, 1H), 11.61 (8,= 5.7
Hz, 1H), 8.78 (s, 1H), 8.64 (d,= 4.2 Hz, 1H), 8.27 (d] = 8.0 Hz, 1H), 7.65 (td] =
7.7, 1.7 Hz, 1H), 7.53 (d,= 8.9 Hz, 1H), 7.49 (d] = 7.0 Hz, 1H), 7.41 (d] = 7.9 Hz,
1H), 7.20 (dd,) = 8.0 Hz, 1H), 7.16 (t] = 7.9 Hz, 1H), 6.17 (d] = 8.9 Hz, 1H), 4.72
(d, J = 5.9 Hz, 2H), 3.58 (dd] = 10.6, 5.7 Hz, 2H), 2.63 (s, 3H), 2.57-2.45 (iH),2
2.33 (s, 6H), 1.79 (dt] = 11.6, 5.9 Hz, 2H)**C NMR (100 MHz, CDG)) 5 181.35,
169.37, 158.16, 154.86, 149.47, 144.78, 138.64,9636133.59, 133.26, 125.02,
123.87, 122.24, 121.78, 121.34, 121.09, 106.98,911019.94, 59.59, 48.66, 45.41,

40.69, 24.83, 17.23; HR-MS(ESI): Calcd for [M+H}44.2400; Found: 444.2383.

4.1.1.6. N-(3-(dimethylamino)pr opyl)-5-methyl-9-oxo-1-((pyridin-3-ylmethyl)
amino)-9,10-dihydroacridine-4-carboxamide (6f) yellow solid powder, Yield
56.2%; mp 143-148; '"H NMR (400 MHz, CDCJ) & 13.80 (s, 1H), 11.43 (s, 1H),
8.71 (s, 1H), 8.66 (s, 1H), 8.53 (d, J = 3.9 Hz),18420 (d, J = 8.0 Hz, 1H), 7.72 (dd,
J = 15.6, 8.4 Hz, 2H), 7.47 (d, J = 6.9 Hz, 1H)57(t, J = 7.6 Hz, 1H), 6.14 (d, J =
8.9 Hz, 1H), 4.57 (d, J = 5.5 Hz, 2H), 3.59 (d, 8.% Hz, 2H), 2.79 — 2.65 (m, 2H),
2.60 (s, 3H), 2.46 (s, 6H), 1.90 (d, J = 5.2 Hz);2fC NMR (100 MHz, CDGJ) 6
181.34, 169.33, 154.71, 149.00, 148.84, 144.74,6138134.81, 133.71, 133.66,
133.33, 125.05, 123.75, 121.73, 121.43, 106.92,2029.58, 59.29, 45.26, 44.31,

40.37, 24.80, 17.18; HR-MS(ESI): Calcd for [M+H}44.2400; Found: 444.2405.
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4.1.1.7. N-(3-(dimethylamino)pr opyl)-5-methyl-9-oxo-1-((pyridin-4-ylmethyl)
amino)-9,10-dihydroacridine-4-carboxamide (6g) yellow solid powder, Yield
36.7%; mp 199-20C; 'H NMR (400 MHz, CDCJ) § 13.89 (s, 1H), 11.53 (s, 1H),
8.85 (s, 1H), 8.57 (d] = 4.2 Hz, 2H), 8.25 (d] = 7.6 Hz, 1H), 7.52-7.50 (m, 2H),
7.33 (d,J = 3.7 Hz, 2H), 7.18 (1) = 7.3 Hz, 1H), 6.03 (d] = 8.8 Hz, 1H), 4.61 (d] =
5.3 Hz, 2H), 3.60-3.50 (m, 2H), 2.64 (s, 3H), 2585 (m, 2H), 2.33 (s, 6H),
1.80-1.70 (m, 2H)**C NMR (100 MHz, CDGJ)) & 181.44, 169.26, 154.74, 150.21,
147.49, 144.75, 138.66, 133.75, 133.21, 125.13,8123121.95, 121.74, 121.51,
106.99, 102.47, 99.60, 59.69, 45.70, 45.45, 4®@81;5, 17.24; HR-MS(ESI): Calcd

for [M+H] " 444.2400; Found: 444.2397.

4.1.1.8. N-(2-methoxyethyl)-5-methyl-9-oxo-1-((pyridin-2-ylmethyl)amino)-
9,10-dihydroacridine-4-carboxamide (6h) yellow solid powder, Yield 57.9%; mp
206-207C; *H NMR (400 MHz, CDCYJ) 6 13.49 (s, 1H), 11.65 (s, 1H), 8.65 (s
4.2 Hz, 1H), 8.27 (d) = 8.1 Hz, 1H), 7.66 (td] = 7.8, 1.5 Hz, 1H), 7.61 (d,= 8.9
Hz, 1H), 7.50 (dJ = 6.9 Hz, 1H), 7.40 (d] = 7.8 Hz, 1H), 7.20 (df] = 15.1, 7.5 Hz,
2H), 6.56 (s, 1H), 6.17 (d,= 8.9 Hz, 1H), 4.73 (d] = 5.7 Hz, 2H), 3.67 (ddl = 9.7,
4.8 Hz, 2H), 3.62-3.53 (m, 2H), 3.41 (s, 3H), 2(62 3H); **C NMR (100 MHz,
CDClg) 6 181.28, 169.29, 157.95, 155.13, 149.46, 144.68,503 137.01, 133.68,
133.33, 124.92, 123.92, 122.30, 121.85, 121.51,1P21106.92, 101.49, 100.00,
71.26, 58.90, 48.63, 39.41, 17.14; HR-MS(ESI): @dar [M+H]* 417.1927; Found:
417.1927.
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4.1.1.9. N-(2-methoxyethyl)-5-methyl-9-oxo-1-((pyridin-3-ylmethyl)amino)-9,10-
dihydroacridine-4-carboxamide (6i) yellow solid powder, Yield 57.9%; mp
184-185C; *H NMR (400 MHz, CDCJ) & 13.51 (s, 1H), 11.50 ( = 5.5 Hz, 1H),
8.67 (d,J = 1.7 Hz, 1H), 8.55 (dd] = 4.8, 1.4 Hz, 1H), 8.23 (d,= 8.1 Hz, 1H), 7.74
(d,J = 7.8 Hz, 1H), 7.61 (d] = 8.9 Hz, 1H), 7.50 (d] = 7.0 Hz, 1H), 7.31-7.28 (m,
1H), 7.19 (tJ = 7.6 Hz, 1H), 6.54 (s, 1H), 6.14 @= 8.9 Hz, 1H), 4.60 (d] = 5.7

Hz, 2H), 3.67 (ddJ = 9.9, 4.8 Hz, 2H), 3.59 (§,= 4.8 Hz, 2H), 3.41 (s, 3H), 2.62 (s,
3H); 1*C NMR (100 MHz, CDGJ) & 181.31, 169.21, 154.96, 149.01, 148.90, 144.64,
138.49, 134.80, 133.78, 133.58, 133.33, 124.97,8123123.76, 121.79, 121.63,
106.88, 101.76, 99.65, 71.22, 58.90, 44.34, 3914112; HR-MS(ESI): Calcd for

[M+H] * 417.1927; Found: 417.1920.

4.1.1.10. N-(2-methoxyethyl)-5-methyl-9-oxo-1-((pyr idin-4-ylmethyl)amino)-
9,10-dihydroacridine-4-car boxamide (6j) yellow solid powder, Yield 82.7%; mp
228-230C; 'H NMR (400 MHz, CDCJ) & 13.53 (s, 1H), 11.59 (s, 1H), 8.59 (s
4.7 Hz, 2H), 8.27 (d) = 8.1 Hz, 1H), 7.60 (d] = 8.8 Hz, 1H), 7.53 (d] = 7.0 Hz,
1H), 7.33 (dJ = 4.5 Hz, 2H), 7.22 (t) = 7.6 Hz, 1H), 6.51 (s, 1H), 6.05 (@~ 8.9
Hz, 1H), 4.62 (dJ = 5.7 Hz, 2H), 3.68 (d] = 4.7 Hz, 2H), 3.60 (d] = 4.5 Hz, 2H),
3.41 (s, 3H), 2.64 (s, 3H}*C NMR (100 MHz, CDGJ) & 181.39, 169.17, 155.02,
150.17, 147.42, 144.64, 138.52, 133.86, 133.29,0125123.85, 121.93, 121.80,
121.69, 106.94, 101.95, 99.72, 71.18, 58.90, 48921, 17.13; HR-MS(ESI): Calcd
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for [M+H] " 417.1927; Found: 417.1932.

4.1.1.11. 1-(bis(pyridin-2-ylmethyl)amino)-N-(2-methoxyethyl)-5-methyl-9-oxo-
9,10-dihydroacridine-4-carboxamide (7a) yellow solid powder, Yield 33.9%; mp
180-182C; *H NMR (400 MHz, CDCJ) & 13.19 (s, 1H), 8.47 (d, J = 4.1 Hz, 2H),
8.25 (d, J = 8.0 Hz, 1H), 7.65 — 7.55 (m, 3H), A&2) = 7.6 Hz, 2H), 7.47 (d, J = 6.9
Hz, 1H), 7.19 — 7.13 (m, 1H), 7.13 — 7.06 (m, 26i¥8 (s, 1H), 6.60 (d, J = 8.7 Hz,
1H), 4.72 (s, 4H), 3.72 — 3.60 (m, 2H), 3.60 — Ir7 2H), 3.37 (s, 3H), 2.59 (s, 3H);
3C NMR (100 MHz, CDGJ) 6 178.11, 169.01, 158.25, 154.91, 148.91, 145.30,
138.14, 136.89, 133.46, 131.57, 124.60, 124.57,.8922122.81, 122.10, 121.36,
112.39, 109.21, 107.03, 71.08, 59.71, 58.84, 4338647; HR-MS(ESI): Calcd for

[M+H] * 508.2349; Found: 508.2363.

4.1.1.12. N-(2-(dimethylamino)ethyl)-5-methoxy-9-oxo-1-((pyridin-2-ylmethyl)
amino)-9,10-dihydroacridine-4-car boxamide (6k) yellow solid powder, Yield
41.9%; mp 201-208; 'H NMR (400 MHz, CDGJ) & 13.60 (s, 1H), 11.64 (s, 1H),
8.65-8.64 (m, 1H), 7.97 (d, = 8.0 Hz, 1H), 7.68-7.64 (m, 2H), 7.41 (U= 7.6 Hz,
1H), 7.19 (dJ = 7.8 Hz, 2H), 7.10 (d] = 7.4 Hz, 1H), 6.97 (s, 1H), 6.18 (@~ 8.8
Hz, 1H), 4.73 (dJ = 5.7 Hz, 2H), 4.10 (s, 3H), 3.56 @ 4.9 Hz, 2H), 2.74-2.46 (m,
2H), 2.31 (s, 6H)*C NMR (100 MHz, CDGJ) 5 180.91, 169.09, 158.11, 155.09,
149.51, 147.94, 144.15, 136.93, 133.65, 131.02,48622122.23, 121.15, 121.05,
117.17, 111.31, 107.37, 102.06, 99.94, 57.76, 56.28.70, 45.08, 36.73;

21



HR-MS(ESI): Calcd for [M+H] 446.2192; Found: 446.2190.

4.1.1.13. N-(2-(dimethylamino)ethyl)-5-methoxy-9-oxo-1-((pyridin-3-ylmethyl)
amino)-9,10-dihydroacridine-4-car boxamide (61) yellow solid powder, Yield 53.9%;
mp 222-224C; 'H NMR (400 MHz, DMSOsdg) 6 13.83 (s, 1H), 11.21 (§ = 5.7 Hz,
1H), 8.66 (s, 1H), 8.50 (d,= 4.6 Hz, 1H), 8.31 (s, 1H), 8.00 (= 8.9 Hz, 1H), 7.82
(d,J = 7.6 Hz, 1H), 7.75 (d] = 8.1 Hz, 1H), 7.40 (dd] = 7.6, 4.9 Hz, 1H), 7.31 (d,

= 7.8 Hz, 1H), 7.20 () = 8.0 Hz, 1H), 6.36 (d] = 8.9 Hz, 1H), 4.66 (d] = 5.7 Hz,
2H), 4.04 (s, 3H), 3.41-3.38 (m, 2H), 2.43)& 6.8 Hz, 2H), 2.19 (s, 6H}*C NMR
(100 MHz, DMSOsdg) 6 180.05, 168.87, 154.45, 149.40, 148.93, 147.98,9%
135.57, 135.12, 134.59, 130.71, 124.18, 122.05,821116.95, 112.84, 106.73,
102.30, 100.25, 58.69, 56.88, 45.77, 43.83, 37HR:MS(ESI): Calcd for [M+H]

446.2192; Found: 446.2207.

4.1.1.14. N-(2-(dimethylamino)ethyl)-5-methoxy-9-oxo-1-((pyridin-4-ylmethyl)
amino)-9,10-dihydroacridine-4-car boxamide (6m) yellow solid powder, Yield
83.8%; mp 190-192'; *H NMR (400 MHz, CDC}) & 13.61 (s, 1H), 11.54 (s, 1H),
8.57 (d,J = 4.8 Hz, 2H), 7.95 (d] = 8.2 Hz, 1H), 7.69 (d] = 8.9 Hz, 1H), 7.32 (d]

= 5.2 Hz, 2H), 7.21 () = 8.0 Hz, 1H), 7.12 ( = 7.0 Hz, 1H), 7.08 (s, 1H), 6.03 (d,
J=8.8 Hz, 1H), 4.59 (d] = 5.9 Hz, 2H), 4.10 (s, 3H), 3.58 (db= 10.5, 5.1 Hz, 2H),
2.62 (t,J = 5.6 Hz, 2H), 2.34 (s, 6H}’C NMR (100 MHz, CDGJ) & 180.98, 169.02,
154.92, 150.15, 147.96, 147.50, 144.07, 133.70,0R31122.38, 121.94, 121.33,
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117.07, 111.44, 102.50, 100.00, 99.69, 57.82, 56.86.73, 45.00, 36.63;

HR-MS(ESI): Calcd for [M+H] 446.2192; Found: 446.2209.

4.1.1.15. 1-(bis(pyridin-2-ylmethyl)amino)-N-(2-(dimethylamino)ethyl)-5-
methoxy-9-o0x0-9,10-dihydroacridine-4-car boxamide (7b) yellow solid powder,
Yield 38.7%; mp 97-98 ; *H NMR (400 MHz, CDCJ) & 13.25 (s, 1H), 8.46 (s, 2H),
7.93 (d, J = 7.8 Hz, 1H), 7.84 (d, J = 8.7 Hz, THE5 (s, 1H), 7.61 — 7.43 (m, 4H),
7.14 (t, J = 7.8 Hz, 1H), 7.07 (dd, J = 12.4, 677 8H), 6.61 (d, J = 8.6 Hz, 1H), 4.70
(s, 4H), 4.04 (s, 3H), 3.66 (br, 2H), 2.81 (br, 2BI148 (s, 6H)°C NMR (100 MHz,
CDCl) 6 177.61, 168.97, 158.35, 155.02, 149.02, 147.78,8B4 136.75, 132.29,
130.55, 123.47, 122.73, 122.02, 120.95, 117.86,621211.27, 109.22, 107.13, 59.73,
58.08, 56.27, 44.63, 36.11; HR-MS(ESI): Calcd fod+H]* 537.2614; Found:

537.2595.

4.1.1.16. N-(2-(dimethylamino)ethyl)-5-methoxy-9-oxo-1-((2-(pyridin-4-yl)ethyl)
amino)-9,10-dihydr oacridine-4-car boxamide (6n) yellow solid powder, Yield
25.4%; mp 208-210; 'H NMR (400 MHz, CDC}) § 13.57 (s, 1H), 11.17 (s, 1H),
8.54 (d,J = 5.7 Hz, 2H), 7.90 (d] = 8.1 Hz, 1H), 7.78 (d] = 8.9 Hz, 1H), 7.23 (d]

= 5.6 Hz, 2H), 7.17 (1) = 8.0 Hz, 1H), 7.13 (s, 1H), 7.07 @z 7.7 Hz, 1H), 6.23 (d,
J = 8.9 Hz, 1H), 4.07 (s, 3H), 3.65-3.55 (m, 4HNE&(t,J = 7.3 Hz, 2H), 2.72-2.61
(m, 2H), 2.39 (s, 6H)**C NMR (100 MHz, CDGJ) & 180.74, 169.16, 155.02, 149.98,
147.99, 147.91, 144.26, 133.83, 130.97, 124.10,4422121.14, 117.12, 111.34,
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106.99, 101.62, 99.03, 58.11, 56.26, 44.96, 43831, 34.73; HR-MS(ESI): Calcd

for [M+H]* 460.2349; Found: 460.2362.

4.1.1.17. N-(3-(dimethylamino)pr opyl)-5-methoxy-9-oxo-1-((pyridin-2-ylmethyl)
amino)-9,10-dihydroacridine-4-car boxamide (60) yellow solid powder, Yield
67.4%; mp 204-206; *H NMR (400 MHz, CDC}) 5 13.87 (s, 1H), 11.53 (8, = 5.8

Hz, 1H), 8.76 (s, 1H), 8.57 (dd= 4.5, 1.5 Hz, 2H), 7.94 (d,= 7.9 Hz, 1H), 7.52 (d,

J =8.9 Hz, 1H), 7.33 (d] = 5.9 Hz, 2H), 7.19 (t) = 8.0 Hz, 1H), 7.09 (dd] = 7.8,

0.9 Hz, 1H), 6.02 (d) = 8.9 Hz, 1H), 4.60 (d] = 6.0 Hz, 2H), 4.09 (s, 3H), 3.60 (dd,
J=10.5, 5.7 Hz, 2H), 2.58-2.51 (m, 2H), 2.32 (4),61.79 (dtJ = 11.5, 5.9 Hz, 2H);
¥C NMR (100 MHz, CDGJ) & 180.92, 169.02, 158.25, 154.86, 149.45, 148.01,
144.23, 136.90, 133.19, 131.13, 122.41, 122.18,0821120.99, 117.14, 111.24,
107.43, 102.49, 99.82, 59.79, 56.24, 48.71, 451B(B1, 24.99; HR-MS(ESI): Calcd

for [M+H] " 460.2349; Found: 460.2343.

4.1.1.18. N-(3-(dimethylamino)pr opyl)-5-methoxy-9-oxo-1-((pyridin-3-ylmethyl)
amino)-9,10-dihydroacridine-4-carboxamide (6p) yellow solid powder, Yield
56.2%; mp 220-222; '"H NMR (400 MHz, CDCJ) & 13.83 (s, 1H), 11.46 (s, 1H),
8.70 (s, 1H), 8.67 (s, 1H), 8.54 ®= 3.8 Hz, 1H), 7.91 (d] = 8.1 Hz, 1H), 7.75 (d]

= 7.6 Hz, 1H), 7.60 (d] = 8.8 Hz, 1H), 7.30 (s, 1H), 7.17 Jt= 7.9 Hz, 1H), 7.08 (d,
J = 7.5 Hz, 1H), 6.14 (d] = 8.9 Hz, 1H), 4.59 (d] = 5.3 Hz, 2H), 4.08 (s, 3H), 3.60
(d, J = 4.5 Hz, 2H), 2.65-2.55 (m, 2H), 2.38 (s, 6HBEL1.76 (M, 2H);*C NMR

24



(100 MHz, CDC}) 6 180.93, 169.06, 154.70, 149.01, 148.84, 147.99,174 134.84,
133.72, 133.45, 131.05, 123.78, 122.32, 121.16,9816111.30, 107.33, 102.59,
99.56, 59.17, 56.26, 45.19, 44.32, 40.17, 24.80;:M8XESI): Calcd for [M+H]

460.2349; Found: 460.2343.

4.1.1.19. N-(3-(dimethylamino)pr opyl)-5-methoxy-9-oxo-1-((pyridin-4-ylmethyl)
amino)-9,10-dihydroacridine-4-carboxamide (6q) yellow solid powder, Yield
65.8%; mp 212-21%; *H NMR (400 MHz, CDC}) 6 13.84 (s, 1H), 11.62 (§,= 5.8
Hz, 1H), 8.73 (s, 1H), 8.66-8.59 (m, 1H), 7.951d; 8.1 Hz, 1H), 7.64 (td] = 7.7,
1.8 Hz, 1H), 7.52 (d) = 8.9 Hz, 1H), 7.41 (d] = 7.9 Hz, 1H), 7.18 (ddl = 15.3, 7.5
Hz, 2H), 7.08 (ddJ = 7.8, 1.0 Hz, 1H), 6.16 (d,= 8.9 Hz, 1H), 4.72 (d] = 5.9 Hz,
2H), 4.08 (s, 3H), 3.59 (dd, = 10.6, 5.7 Hz, 2H), 2.58-2.48 (m, 2H), 2.34 (H),6
1.83-1.72 (m, 2H)*C NMR (100 MHz, CDGJ) & 180.93, 169.05, 158.22, 154.85,
149.46, 147.99, 144.23, 136.94, 133.28, 131.09,3822122.21, 121.06, 121.02,
117.10, 111.21, 107.40, 102.41, 99.87, 59.67, 5648369, 45.44, 40.69, 24.88;

HR-MS(ESI): Calcd for [M+H] 460.2349; Found: 460.2336.

4.1.1.20. 1-(bis(pyridin-2-ylmethyl)amino)-N-(3-(dimethylamino)propyl)-5-
methoxy-9-ox0-9,10-dihydroacridine-4-carboxamide (7c) yellow solid powder,
Yield 39.9%; mp 90-9Z; 'H NMR (400 MHz, CDJ) 6 13.55 (s, 1H), 8.85 (s, 1H),
8.50 (d,J = 4.4 Hz, 2H), 7.96 (d] = 8.0 Hz, 1H), 7.63-7.54 (m, 4H), 7.52 (b= 8.8
Hz, 1H), 7.16 (tJ = 7.9 Hz, 1H), 7.13-6.99 (m, 3H), 6.60 (b= 8.7 Hz, 1H), 4.73 (s,
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4H), 4.07 (s, 3H), 3.58 (d,= 4.8 Hz, 2H), 2.58-2.46 (m, 2H), 2.29 (s, 6HB2t1.65
(m, 2H); *°C NMR (100 MHz, CDGJ) § 177.70, 168.66, 158.47, 154.59, 148.94,
147.87, 144.89, 136.80, 131.35, 130.66, 123.38,8122122.03, 120.88, 117.76,
112.91, 111.17, 109.20, 108.00, 59.75, 59.47, 56.28.41, 40.68, 24.86;

HR-MS(ESI): Calcd for [M+H] 551.2771; Found: 551.2793.

4.1.1.21. 5-methoxy-N-(2-methoxyethyl)-9-oxo-1-((pyridin-2-ylmethyl)amino)-
9,10-dihydroacridine-4-carboxamide (6r) yellow solid powder, Yield 83.5%; mp
218-220C; *H NMR (400 MHz, CDCY) 6 13.48 (s, 1H), 11.65 (s, 1H), 8.64 (s
4.6 Hz, 1H), 7.95 (dJ = 7.9 Hz, 1H), 7.66 (t) = 7.1 Hz, 1H), 7.60 (d] = 8.9 Hz,
1H), 7.40 (dJ = 7.7 Hz, 1H), 7.20 (dd} = 16.1, 7.9 Hz, 2H), 7.09 (d,= 7.7 Hz, 1H),
6.47 (s, 1H), 6.17 (d} = 8.9 Hz, 1H), 4.73 (d] = 5.5 Hz, 2H), 4.08 (s, 3H), 3.67 @,
= 4.9 Hz, 2H), 3.58 (d] = 4.8 Hz, 2H), 3.39 (s, 3H}*C NMR (100 MHz, CDG) 6
180.90, 168.95, 157.96, 155.13, 149.28, 147.90,1144137.15, 133.37, 130.97,
122.45, 122.32, 121.22, 121.16, 117.15, 111.35,38)7.01.97, 99.93, 71.29, 58.88,

56.29, 48.56, 39.35; HR-MS(ESI): Calcd for [M+H]33.1876; Found: 433.1862.

4.1.1.22. 5-methoxy-N-(2-methoxyethyl)-9-oxo-1-((pyr idin-3-ylmethyl)amino)-
9,10-dihydroacridine-4-carboxamide (6s) yellow solid powder, Yield 75.2%; mp
252-253C; 'H NMR (400 MHz, CDCY) 5 13.48 (s, 1H), 11.49 (s, 1H), 8.66 (s, 1H),
8.54 (d, J = 3.9 Hz, 1H), 7.91 (d, J = 8.1 Hz, THJ3 (d, J = 7.6 Hz, 1H), 7.60 (d, J =
8.9 Hz, 1H), 7.29 — 7.27 (m, 1H), 7.18 (t, J = BIf) 1H), 7.08 (d, J = 7.7 Hz, 1H),
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6.50 (s, 1H), 6.11 (d, J = 8.9 Hz, 1H), 4.58 (& 5.5 Hz, 2H), 4.08 (s, 3H), 3.75 —
3.62 (m, 2H), 3.62 — 3.50 (m, 2H), 3.39 (s, 3t NMR (100 MHz, CDGJ) &

180.88, 168.90, 154.95, 149.03, 148.89, 147.92,0644134.78, 133.59, 133.34,
130.97, 123.72, 122.41, 121.30, 117.06, 111.43,3107.02.29, 99.54, 71.27, 58.85,

56.28, 44.35, 39.37; HR-MS(ESI): Calcd for [M+H]33.1876; Found: 433.1881.

4.1.1.23. 5-methoxy-N-(2-methoxyethyl)-9-oxo-1-((pyr idin-4-ylmethyl)amino)-
9,10-dihydroacridine-4-carboxamide (6t) yellow solid powder, Yield 79.3%; mp
235-236C; *H NMR (400 MHz, CDGJ) & 13.48 (s, 1H), 11.56 (]l = 5.7 Hz, 1H),
8.57 (d,J = 5.1 Hz, 2H), 7.94 (d] = 8.2 Hz, 1H), 7.58 (d] = 8.9 Hz, 1H), 7.34 (d]

= 5.2 Hz, 2H), 7.19 (d] = 8.0 Hz, 1H), 7.10 (d] = 7.8 Hz, 1H), 6.48 (s, 1H), 6.01 (d,
J=8.9 Hz, 1H), 4.60 (d] = 5.9 Hz, 2H), 4.09 (s, 3H), 3.67 (dti= 10.0, 5.1 Hz, 2H),
3.57 (t,J = 4.9 Hz, 2H), 3.39 (s, 3H}’C NMR (100 MHz, CDGJ) & 180.95, 168.85,
154.99, 150.15, 147.94, 147.42, 144.04, 133.30,9830122.41, 121.92, 121.36,
117.09, 111.48, 107.36, 102.48, 99.59, 71.24, 58.8B6.30, 45.74, 39.37;

HR-MS(ESI): Calcd for [M+H] 433.1876; Found: 433.1881.

4.1.1.24. N-(4-(dimethylamino)butyl)-5-methoxy-9-oxo-1-((pyridin-4-ylmethyl)
amino)-9,10-dihydroacridine-4-carboxamide (6u) yellow solid powder, Yield
74.2%; mp 213-21%; *H NMR (400 MHz, DMSOds) 5 13.86 (s, 1H), 11.26 (8, =
5.8 Hz, 1H), 8.54 (d) = 4.0 Hz, 2H), 8.43 (s, 1H), 7.98 = 9.0 Hz, 1H), 7.77 (d]
= 7.9 Hz, 1H), 7.39 (d] = 5.2 Hz, 2H), 7.32 (d] = 7.5 Hz, 1H), 7.21 () = 8.0 Hz,
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1H), 6.22 (d,J = 9.0 Hz, 1H), 4.69 (d] = 5.8 Hz, 2H), 4.04 (s, 3H), 3.30-3.20 (m,
2H), 2.21 (tJ = 7.0 Hz, 2H), 2.11 (s, 6H), 1.54 (dbz 14.2, 7.1 Hz, 2H), 1.46 (dd,

= 14.2, 7.4 Hz, 2H)**C NMR (100 MHz, CDGJ) 5 180.98, 169.16, 154.67, 150.13,
147.99, 147.45, 143.94, 133.51, 131.06, 122.35,9521121.23, 117.04, 111.38,
107.40, 103.20, 99.25, 59.34, 56.26, 45.72, 48930, 27.40, 25.69; HR-MS(ESI):

Calcd for [M+H] 474.2505; Found: 474.2495.

4.1.1.25. N-(2-(dimethylamino)ethyl)-9-oxo-1-((pyridin-4-ylmethyl)amino)-5-
(trifluoromethyl)-9,10-dihydroacridine-4-car boxamide (6v) yellow solid powder,
Yield 18.2%; mp 178-180; *H NMR (400 MHz, MeOD) 8.58 (d,J = 8.2 Hz, 1H),
8.50 (d,J = 5.9 Hz, 2H), 8.05 (d] = 7.5 Hz, 1H), 7.93 (d] = 9.0 Hz, 1H), 7.49 (d]

= 5.4 Hz, 2H), 7.38 (t) = 7.9 Hz, 1H), 6.28 (d] = 9.1 Hz, 1H), 4.73-4.76 (m, 2H),
3.56 (t,J = 6.7 Hz, 2H), 2.64 (t) = 6.6 Hz, 2H), 2.37 (s, 6H}°*F NMR (376 MHz,

DMSO-ds) 5 -61.63; HR-MS(ESI): Calcd for [M+H}#84.1960; Found: 484.1940.

4.1.1.26. 5,7-dichlor o-N-(2-(dimethylamino)ethyl)-9-oxo-1-((pyridin-4-ylmethyl)
amino)-9,10-dihydroacridine-4-carboxamide (6w) yellow solid powder, Yield
28.1%; mp 114-116; *H NMR (400 MHz, CDCJ) & 14.01 (s, 1H), 11.23 (s, 1H),
8.57 (d,J = 5.7 Hz, 2H), 8.23 (d] = 2.2 Hz, 1H), 7.74 (d] = 9.0 Hz, 1H), 7.69 (d]

= 2.2 Hz, 1H), 7.46 (s, 1H), 7.29 @z= 5.5 Hz, 2H), 6.04 (d] = 9.0 Hz, 1H), 4.56 (d,
J = 5.6 Hz, 2H), 3.64 (d] = 5.2 Hz, 2H), 2.80-2.70 (m, 2H), 2.44 (s, 6 NMR
(100 MHz, CDCY) 6 179.24, 169.03, 154.69, 150.20, 146.97, 144.43,253 134.56,

28



132.65, 126.87, 124.39, 123.28, 122.48, 121.87,7108.02.09, 100.76, 57.97, 45.71,
44.45, 35.96; HR-MS(ESI): Calcd for [M+H#84.1307; Found: 484.1317.
4.2. Molecular docking

The molecular modeling of organic compounds weréop@ed with Discovery
Studio 3.1.1/Libdock protocol (Accelrys Softwarec.naccording to the reported
process[16, 44]. Three dimensional structures ofidmutopo I-DNA complex (PDB
ID: 1K4T) was downloaded from Protein Data Bank B}DThe general procedure is
as followed: (a) removing the water molecules whiokcrystallized with the original
protein structure; (b) preparing ligand and recemtiod then finding the candidate
binding site; (c) deleting small molecular dockimgcandidate binding site on the
target protein and then docking the designed comganto the candidate binding site;
(d) molecular modeling based on the above dockatg.d
4.3. Bioassay
4.3.1. Céll culture

K562 (suspension cells line), NCI-H520 (adherefitloee), Hela (adherent cell
line), were cultured followed by the instruction ireference RPMI-1640,
HepG-2,MCF-7, CNE-2, A375, Al172 and U118-MG (adimreell lines) were
cultured in DMEM, U251 (adherent cell line) wastaubd in MEM-EBSS, with 10%
fetal bovine serum (FBS) in humidified air at 37With 5% CQ.
4.3.2. Cell growth inhibition assay

The K562 cells were seeded into 96-well plates.8x1d cells/well, treated
with the synthesized compounds with the final comadions at 50, 25, 10, 1 and 0.1
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uM. After 48 h treatment, the cells were incubatedhwl5 pL MTT (3-(4,
5-dimethyl-thiazol-2-yl)-2, 5-diphenyl-tetrazoliuloromide from Sigma) solution (5
mg/mL) for 4 h at 37 °C, 5% COThe adherent cells (NCI-H520, U251, A375, A172,
Hela, CNE-2, U118-MG, HepG2 and MCF-7 cells) wezeded into 96-well plates at
6x10 cells/well, treated with the synthesized compouatigifferent concentrations
after these adherent cells hatched for 12 hour87aC, 5% CQ@ (The final
concentrations of these compounds were 50, 25,118nd 0.1uM). After 48 h
treatment, the cells were incubated with 10 uL Msblution (5 mg/mL) for 4 h at 37
°C, 5% CQ.The formazan precipitates were dissolved in 10@OMSO. At 490 nm,
the absorbance was measured by Infinite M1000 PRETAN).
4.4. Biophysical evaluation
44.1. Materials

Concentrated stock solutions of compounds weregpegpby dissolving them in
DMSO. Calf thymus DNA (ct DNA) and EB were obtairfeom Sigma Chemical Co.
All the measurements involving the interactiondesited compoun@d with ct DNA
were carried out in doubly distilled water buffewntaining 5 mM Tris and 50 mM
NacCl, and adjusted to pH 7.2 with hydrochloric a@tbck solutions of ct DNA were
prepared in buffer and concentration was determinyedV absorbance by employing
an extinction coefficient of 6600 ®mi* at 260 nm.
4.4.2. UV-visible Absor ption spectra

UV-visible absorption spectra were all recorded ancomputer controlled
Beckman Coulter DU 800 spectrophotometer by usimartz cell having 1.0 cm
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pathway. The solution of tested compowad 1l mM in DMSO, 20 pL) and the buffer
above were transferred to the quartz, and therowkrvolume (0-30) pL of ct DNA
solution (2 mM in Tris-HCI buffer) was also addddhe solution was incubated for 5
min and then tested.
4.4.3. Fluor escence emission spectra

The emission spectra were carried out on Fluorspmgtrometer. 20 pL of tested
compoundéd (1 mM in DMSQO) was incubated in Tris-HCI buffer stbn (the final
concentration of the tested compound was 10 uMj,then ct DNA solution (2 mM
in Tris-HCI buffer) was also added with the finaincentration from 0 to 100 puM.
The excitation wavelength was set at 425 nm. Thehbating time before testing was
5 min.
4.4.4. Fluor escence spectra of DNA-EB in the presence of 6d

The emission spectra were carried out on Fluorsfmgtrometer. 20 pL of EB (1
mM in Tris-HCI buffer) and 40 pL ct DNA solution (@M in Tris-HCI buffer) were
incubated inTris-HCI buffer solution (the final ac@ntration of EB was 10 pM), and
then a known volume (0-60) pL of tested compo6dd2.5 mM in DMSO) was also
added with the final concentration from 0 to 30 e excitation wavelength was
set at 366 nm. The incubating time before testiag & min.
4.4.5. Viscosity experiments

Viscosity experiments were carried out on a Pinieéviviscometer maintained at
a constant temperature at 25.0 °C. A known volub2e7@) pL of tested compound
6d (2.5 mM in DMSO) was introduced into DNA solutioa200 uM in Tris-HCI buffer)

31



present in the viscometer. Flow time was measui#ddawligital stopwatch, and each
sample was measured three times, and an averageifte was calculated. Relative
viscosities for DNA in the presence and absenceoafpounds were calculated from
the relationy= (t - to)/to, wheret is the observed flow time of the DNA-containing
solution andy is the flow time of buffer alone. Data were praseras #/170)"* versus
binding ratio of the concentration of the testechpound6d to DNA, wherey is the
viscosity of DNA in the presence of compound, ant the viscosity of DNA alone.
4.5. DNA topo | inhibition assay

The solutions of a mixture of 100 ng of plasmid DBR322 (commercial
available from Takara), 1.0 units of recombinaninan DNA topo | (from Takara)
and with compounds of different amount were incetladt 37 °C for 30 min in the
relaxation buffer (35 mM Tris-HCI (pH 8.0), 5 mM My, 72 mM KCI, 0.01%
bovine serum albumin, 2 mM spermidine, 5 mM dithieitol). DNA samples were
then electrophoresed on a 1% agarose gel at 1@ 25f min with a running Buffer
(Tris-Acetic acid-EDTA). Gels were visualized by E&ining under ultraviolet light.
4.6. Western blot analysis

K562 cells were cultured in 6 cm dishes, followed tleatment withéd for
different concentration-periods for 36 h. Then tiels were centrifuged and treated
with lysis buffer at 0 °C for 0.5 h, followed byrdgfugation at 20,000 g for 10 min.
Protein concentrations in the supernatant wererméted using bicinchonininc acid
(BCA). Lysate proteins were subjected to 12% sodiudodecylsulfate

(SDS)-polyacrylamide gel electrophoresis (PAGE}Y alectrophoretically transferred
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to PVDF membrane (amcBiobind NT-200). After blogtithe membrane was blocked
in 5% milk for 1 h, and incubated with the specficmary antibody for overnight at
4 °C. Protein bands were detected using the BIO-R&IDoc XR after hybridization
with the antibody.
4.7. Mitochondrial membrane potential detection

The mitochondrial membrane potential detection wasted using the
Mitochondrial membrane potential detection kit (Béyne Company),
5,5,6,6-tetrachloro-1,13,3-tetraethylbenzimidazolyl-carbocyanine iodide (JCabk
fluorescent cationic dye was used to measure nutmdtial membrane potential,
while CCCP was used as the positive control.
4.8. Flow cytometry assay

Phosphatidylserine externalization was determinétth Whe scheme which is
designed as the instructions of the manufacturerAbgexinV-FITC/Pl apoptosis

detection kit (Beyotime Company).
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Captions

Figure 1. The structures of C-1311, DACA, PZA, BRACO-19 amdAMSA as

typical acridine/acridone derivatives

Figure 2. The structure of representative compoustl with two intramolecular

hydrogen bonds which could form a pseudo-five-cyslistem

Figure 3. (a) Molecular modeling of compourgd binding to topo I-DNA complex.
(b) Hydrogen bonds and cation-pi interactions exisbetweertd and amino acid
residues of topo | (ARG364, ARG488, LYS751, LYS53ad ASP533), pi-pi
interactions existed between the acridone ringgabfand DNA base pairs (DT10,
TGP11, DC112 and DA113). (c) Interactions betwdenreceptor and the ligand on
2D diagram. Compoun@d is represented by the yellow color and hydrogemdsare
represented by green dotted lines, while pi-piratéons and cation-pi interactions

are represented by orange lines.

Figure 4. (a) UV-visible absorption spectra of tested comub@d (10 uM) in the
presence of increasing amounts of ct DNA; [DNA],=20, 5, 7.5, 10, 15, 20, 30/.
DNA titration of the compound was performed in 5 miMs-HCI buffer containing
50 mM NaCl at pH 7.2. The arrow indicates the albance changes upon increasing
DNA concentrations. (b) The plot of [DNAJ/( - (1) versus [DNA] for the titration
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of DNA to 6d. The binding constart, = 5.1 x 10 M™.

Figure 5. (a) Spectrofluorimetric titration of compourgd (10 puM) in 5 mM
Tris-HCI buffer containing 50 mM NaCl (pH 7.2) bycreasing the concentrations of
ct DNA; [DNA] = 0, 10, 20, 30, 40 ,50, 60, 70, &), 100uM; ie = 425 nm. The
arrow indicates the fluorescence emission changesn uincreasing DNA
concentrations. (b) The plot &f/Fy versus [DNA]/[compound] for the titration of
DNA to 6d. Fo was the fluorescence intensity of tested compoathih Tris-HCI

buffer without adding ct DNA.

Figure 6.(a) Fluorescence emission spectra of DNA-EB inpitesence of 0, 5, 10, 20,
30 uM of6d; [EB] = 10 uM; [DNA] = 40 uM;ie = 366 nm. (b) The Stern-Volmer
quenching plots of the fluorescence titration. Touenching constar,= 1.0 x 16

M2,

Figure 7. Effect of increasing amounts 68l on the relative viscosity of ct DNA at

25.0 °C, [DNA] = 200 pM, §d] = 6, 12, 18, 24, 30, 36 uM.

Figure 8. Effect of the compounds on the relaxation of plasBiNA by human topo |.
(a) Lane 1, DNA pBR322; Lane 2, topo | + DNA pBR322DMSO; Lanes 3-17,
DNA pBR322 relaxation by topo | aréb-j, 7a, 6k-m, 7b, 60 at concentrations of 50
UM, respectively. (b) Lane 1, DNA pBR322; Lanedqd | + DNA pBR322 +DMSO;
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Lanes 3-17, DNA pBR322 relaxation by topo | &@piq, 7c, 6r-u, 6n, 6a, 6v-w at

concentrations of 50 UM, respectively.

Figure 9. Flow cytometric analysis of phosphoatidylserine eexalization
(Annexin-V binding) and cell membrane integrity (Btaining). K562 cells were

treated withed at 0, 0.05, 0.25, 0.5, 1, 2.5 uM, respectively.

Figure 10. K562 cells were treated with different concentmasi of compoundsd,
and Western blot analysis was used to evaluatketeds of C-caspase-9, C-caspase-7,

C-caspase-3, C-PARP and Bcl-XL.

Figure 11. Detection of the mitochondrial membrane potentgihg JC-1 (a) K562
cells with no compound added as blank group; (l§Xé&ells were treated with CCCP
(10 uM) as the positive control group; (c) K562 cellsrevéreated withéd at 1uM for

24 h.

Scheme 1. Reagents and conditions: (i®0;, Cu, DMF, 130 °C, overnight; (ii)
H,SOq, 80 °C, 5 h; (iii) CDI, various N,N-dimethyldianga or 2-methoxyethanamine,
DMF, r.t.; (iv) various picolylamine or 4-Pyridingg®namine, under the protection of

Ar, 90 °C.
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Table 1. Antiproliferative activity of pyridyl acridone desatives aganist K562 cells

o Ik,
TN
R P
i
0 E/HH\RZ
6a-w
Compd R, R, Rs m n K62
| Cso(uM)
Adriamycin 0.55+0.019
Cisplatin 20.92 +2.828
6a H N(CHs), 4-pyridyl 1 2 6.33 £ 3.579
6b 5-CH; N(CHs), 2-pyridyl 1 2 1.71£0.145
6¢ 5-CH; N(CHs), 3-pyridyl 1 2 1.09 £ 0.277
6d 5-CH; N(CHs), 4-pyridyl 1 2 0.46 + 0.206
6e 5-CH; N(CHs), 2-pyridyl 1 3 6.45 +1.079
6f 5-CH; N(CHs), 3-pyridyl 1 3 11.77 +1.844
69 5-CH; N(CHs), 4-pyridyl 1 3 8.25+2.143
6h 5-CH; OCH; 2-pyridyl 1 2 >50
6i 5-CH; OCH; 3-pyridyl 1 2 > 50
6j 5-CH; OCH; 4-pyridyl 1 2 >50
6k 5-OCH; N(CHz), 2-pyridyl 1 2 2.28 £+ 0.538
6l 5-OCH; N(CHs), 3-pyridyl 1 2 0.93 +£0.038
6m 5-OCH; N(CHs), 4-pyridyl 1 2 1.36 £ 0.363
6n 5-OCH; N(CHs), 4-pyridyl 2 2 3.08+£0.181
60 5-OCH; N(CHs), 2-pyridyl 1 3 6.12 + 0.857
6p 5-OCH; N(CHs), 3-pyridyl 1 3 11.27 + 0.632
6q 5-OCH; N(CHs), 4-pyridyl 1 3 11.94 + 2.932
6r 5-OCH; OCH; 2-pyridyl 1 2 >50
6s 5-OCH; OCH; 3-pyridyl 1 2 > 50
6t 5-OCH; OCH; 4-pyridyl 1 2 > 50
6u 5-OCH; N(CHsy), 4-pyridyl 1 4 6.07 + 0.666
6v 5-CR N(CHs), 4-pyridyl 1 2 0.89 + 0.055
6w 5,7-dichloro  N(CH), 4-pyridyl 1 2 0.97 £0.224




Table 2. Antiproliferative activity of 2,2bispyridyl acridone derivativemyanist K562

cells
N
N —
O N s/
SOOI
i
0 E/Hn\&
Ta-c
Compd R R K562
p 1 2 | Ceo(uM)
Adriamycin 0.55+0.019
Cisplatin 20.92 +2.828
7a CHs OCH; 11.20 £2.198
70 OCH; N(CHs), 13.90 + 3.509
7c OCH; N(CHs) 13.53 £ 1.456




Table 3. Antiproliferative activities of compoungtl aganist various cancer cell lines

Cdl NCI- u118-
. U251 A375 Al172 Hela CNE-2 HepG2 MCF-7
Lines H520 MG

1Cso 103+ 079+ 0.16+ 220+ 379+ 098+ 108+ 032+ 255%
(uM) 0.078 0.492 0.012 0583 0.347 0.202 0.036 0.036 0.049




cl coony! P 7
~COOH ) N @) R
M + R Iy
Ry @ I =
= N N
NH, Cl H H
COOH COOH COOH
1a,R; =-H; 3a,R;=-H 4a,R;=-H;
1b, R, = 3-CHy; 2 3b, Ry =3-CH, 4b, Ry =5-CHs;
1c, R; = 3-OCHj; 3¢, Ry = 3-OCH; 4¢, Ry =5-0OCH3;
1d, R, =3-CF; 3d,R;=3-CF; 4d, R, =5-CF3
1le, R, = 3,5-dichloro 3e, R = 3,5-dichloro 4e, Ry =5,7-dichloro
0 HN/HIBR3
N
RIT _
i
H,N R e O E/Hn\ Re
2
N~y ol X
T 6a-w
N R3;=2,3, 4-pyridyl, m=1,2
(iii) H /H\
0" NT'nTR, =
H S/
5a,R; =-H, Ry =-N(CH;);, n =2 N

5b, Ry = 5-CHz, Ry = -N(CH;)p, n =2

S¢, Ry = 5-CHy, R, = -N(CHy)y, n =3 N
5d, Ry = 5-CHs, R, =-OCHa, n = 2 O O

Se, Ry = 5-OCHj, R, = -N(CHy),, n =2 N

5f, R, = 5-OCHj, R, = -N(CHa),, n =3 H

5g, Ry = 5-OCHa, Ry=-OCHj, n = 2 Ry o N/HH\R2
5h, R; = 5-OCHs, R, = -N(CHj);, n = 4 H

5i, R; = 5-CF3, R, = -N(CH);, n = 2 Tae

5j, R; =5,7-dichloro, R, = -N(CHz),, n = 2

Scheme 1
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26 novel pyridyl acridone derivatives were designed and synthesized.

Most synthesized compounds displayed excellent activity against K562 cells.
The typical compound 6d also showed potent activity against solid tumor cell
lines.

The antitumor mode of 6d involved DNA intercalation and topoisomerase |
inhibition.

Compound 6d induced apoptosis via a Mitochondria-Mediated Pathway.
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1. Molecular modeling

compound A

Figure 1s.(a) the structure of 1-anilinoalkylamino acridategivative (compound).
(b) Molecular modeling of compoundl binding to topo I-DNA complex. Specific
interactions ofA with topo | included: only one hydrogen bond fodrmtween C=0
at B-ring of acridone and NHof Arg364 (C=0O---H-NH); only one cation-pi
interaction existed between the benzene ring andmamonium cation of Arg364.
Additionally, pi-pi interactions formed between theridone ring oA and DNA base
pairs (DT10, TGP11, DC112 and DA113). Compoénd represented by the yellow
color and hydrogen bond was represented by gredtedddine, while pi-pi

interactions and cation-pi interaction were repnése by orange lines.
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DT1¢7

Figure 2s.(a) the structure of 8-pyridylalkylamino acridoreridative (compound).

(b) Molecular modeling of compoun binding to topo I-DNA complex. Specific
interactions oB with topo | included: only one hydrogen bond fodvmtween C=0
at B-ring of acridone and NHof Arg364 (C=0O---H-NH). Additionally, pi-pi
interactions existed between the acridone ringBodnd DNA base pairs (DT10,
TGP11, DC112 and DA113). Compouidis represented by the yellow color and
hydrogen bond was represented by green dotted Whie pi-pi interactions were

represented by orange lines.



2. General Notes

NMR spectra were recorded on a Bruker 400 (400 Msfectrometer at room
temperature. Chemical shifts are given in ppip relative to SiMe4 as internal
standard. Coupling constants (J) are in hertz (ldmnyg signals are designated as
follows: s, singlet; d, doublet; t, triplet; m, niplet; br s, broad singlet, etc. The mass
spectra were obtained on a Waters Micromass Q-T@mier Mass Spectrometer.
Melting points were determined with a SGW X-4 dijitapparatus and are
uncorrected. Thin layer chromatography was caroedusing plate silica gel F254.
All chemical yields are unoptimized and generakypresent the result of a single

experiment.

3. General Synthetic Procedures
3.1.General procedure for compounds 3a-e.

2,4-dichlorobenzoic aci®2 (0.61 g, 4.05 mmol), anthranilic acitla or its
derivativeslb-e (5.26 mmol), potassium carbonate (1.12 g, 8.10 henad copper
powder (0.13 g, 2.03 mmol) was stirred in DMF (3Q)nand heated at 130
overnight. The suspension was cooled to room teatper and water (40 mL) was
added. The mixture was filtered on cellite to remake copper. The filter bed was
washed with water and the resulting solution wagifed with concentrated
hydrochloric acid to a pH of 3-4. The resultingerssion was stirred for 30 minutes,
and the precipitate was filtered and washed wittewand then dried to give yellow
solid.
3.1.1. 2-((2-carboxyphenyl)amino)-4-chlorobenzoic cid (3a) Yield 58.5%:; 'H
NMR (400 MHz, DMSO#€) § 13.20 (s, 2H), 10.93 (s, 1H), 7.92 Jt= 7.8 Hz, 2H),
7.58-7.50 (m, 2H), 7.38 (s, 1H), 7.09-7.03 (m, 16495 (d,J = 7.8 Hz, 1H).

3.1.2. 2-((2-carboxy-5-chlorophenyl)amino)-3-methplenzoic acid (3b) Yield
91.5%;'H NMR (400 MHz, DMSOdg) & 13.10 (s, 2H), 9.90 (s, 1H), 7.86 (4 8.2
Hz, 1H), 7.72 (dJ = 7.2 Hz, 1H), 7.56 (tJ = 7.5 Hz, 1H), 7.31 (1) = 7.5 Hz, 1H),



6.74 (d,J = 7.5 Hz, 1H), 6.08 (s, 1H), 2.12 (s, 3H).

3.1.3. 2-((2-carboxy-5-chlorophenyl)amino)-3-methgsbenzoic acid (3c) Yield
98.9%;'H NMR (400 MHz, DMSOdg) § 13.12 (s, 2H), 10.07 (s, 1H), 7.85 {d= 5.4
Hz, 1H), 7.48 (dJ = 5.2 Hz, 1H), 7.41-7.21 (m, 2H), 6.76 (& 5.4 Hz, 1H), 6.28 (s,
1H), 3.79 (s, 3H).

3.1.4. 2-((2-carboxy-5-chlorophenyl)amino)-3-(trifioromethyl)benzoic acid (3d)
Yield 67.1%;'H NMR (400 MHz, DMSOsdg) 5 13.30 (s, 2H), 9.85 (s, 1H), 8.09 (,
= 7.3 Hz, 1H), 8.04 (d] = 7.9 Hz, 1H), 7.87 (d] = 8.5 Hz, 1H), 7.63 (1 = 7.8 Hz,
1H), 6.78 (dd,J = 8.5, 1.9 Hz, 1H), 6.25 (d,= 1.9 Hz, 1H).

3.1.5. 2-((2-carboxy-5-chlorophenyl)amino)-3,5-didbrobenzoic acid (3e)Yield

45.6%;*H NMR (400 MHz, DMSOeg) 5 13.36 (s, 2H), 10.10 (s, 1H), 7.99 {d; 2.4
Hz, 1H), 7.89 (dJ = 8.5 Hz, 1H), 7.86 (d] = 2.4 Hz, 1H), 6.85 (dd] = 8.5, 1.9 Hz,
1H), 6.34 (dJ = 1.8 Hz, 1H).

3.2. General procedure for compounds 4a-e.

Compound3a-e(1.19 mmol) was dissolved in concentrated sulfadi (10 mL)
and heated to 80 for 5h. The reaction was added onto ice (50 mL)pwise and
then buffered to pH 5 with NaOH (a.qg.). The resigitsuspension was stirred for 30
minutes, and the precipitate was filtered and washiéh water and then dried to give

solid powdera-e
3.2.1. 1-chloro-9-o0x0-9,10-dihydroacridine-4-carbopic acid (4a) Yield 35.0%:;'H
NMR (400 MHz, DMSO€) 6 12.66 (s, 1H), 8.29 (d,= 8.2 Hz, 1H), 8.18 (d] = 8.5

Hz, 1H), 7.75 (tJ = 7.4 Hz, 1H), 7.66 (d] = 8.2 Hz, 1H), 7.34-7.28 (m, 2H).

3.2.2. 1-chloro-5-methyl-9-0x0-9,10-dihydroacridingt-carboxylic acid (4b) Yield



95.0%:;'H NMR (400 MHz, DMSO#s) 5 12.59 (s, 1H), 8.32 (d,= 8.3 Hz, 1H), 8.05
(d,J = 8.0 Hz, 1H), 7.66 (d] = 6.8 Hz, 1H), 7.32 (d] = 8.3 Hz, 1H), 7.24 (dd] =
7.9, 7.3 Hz, 1H), 2.54 (s, 3H).

3.2.3. 1-chloro-5-methoxy-9-0x0-9,10-dihydroacridie-4-carboxylic acid (4c)
Yield 92.7%;'H NMR (400 MHz, DMSOds) 5 13.97 (s, 1H), 12.56 (s, 1H), 8.26 (d,
J=28.2 Hz, 1H), 7.70 (d] = 8.1 Hz, 1H), 7.34 (d] = 7.8 Hz, 1H), 7.28 (d] = 8.2 Hz,
1H), 7.22 (tJ = 7.9 Hz, 1H), 4.02 (s, 3H).

3.2.4. 1-chloro-9-oxo0-5-(trifluoromethyl)-9,10-dihylroacridine-4-carboxylic acid
(4d) Yield 85.6%;'H NMR (400 MHz, DMSO¢s) & 13.24 (s, 1H), 8.36 (dl = 7.5
Hz, 1H), 8.24 (dJ) = 8.0 Hz, 1H), 8.06 (d] = 7.0 Hz, 1H), 7.38 () = 7.2 Hz, 1H),
7.28 (d,J = 8.0 Hz, 1H).

3.2.5. 1,5,7-trichloro-9-0x0-9,10-dihydroacridine-&arboxylic acid (4e) Yield
90.5%;'H NMR (400 MHz, DMSOds) & 13.60 (s, 1H), 8.30 (s, 1H), 8.13-8.04 (m,
2H), 8.02 (s, 1H), 7.35-7.33 (m, 1H).

3.3. Preparation of 1-chloro-N-(2-(dimethylamino)etiyl)-9-ox0-9,10—dihydro
acridine-4-carboxamide (5a)

A solution of 1-chloro-9-ox0-9,10-dihydroacridinecdrboxylic acid 4a) (2.0 g,
7.33 mmol) in DMF (25mL) was added dropwise, witirrgig, to a solution of
N,N’-carbonyldiimidazole (1.78 g, 10.99 mmol) in DMP(fhL) at room temperature.
After the addition was complete, the mixture wal stirred for 30 minutes. Then,
N,N-dimethyl-1,2-ethanediamine (1.90 g, 21.99 mmwBs added. The reaction
mixture was stirred at room temperature until tHeCTshowed the disappearance
ofthe starting material. After the reaction was ptete, the mixture was partitioned
betweenCHCI, (50 mL) and water (50 mL).The organic extract wassked with

water (40 mLx4), dried (MgSQ) and CHCI, was removed under reduced pressure



to give a residue which was purified by column-chatography eluted with
EtOAC/EtOH (9:1 v/v) to vield purBa. Yield 40.5%;*H NMR (400 MHz, CDC}) §
13.12 (s, 1H), 8.55 (s, 1H), 8.32 (= 8.0 Hz, 1H), 8.24 (d] = 9.0 Hz, 1H), 7.58 (t,
J=7.7 Hz, 1H), 7.32 (d] = 8.0 Hz,1H), 7.21 () = 7.5 Hz, 1H), 6.62 (d] = 8.9 Hz,
1H), 3.95-3.85 (mJ = 4.5 Hz, 2H), 3.35-3.25 (nd,= 4.7 Hz, 2H), 2.89 (s, 6H).

3.4. Preparation of 1-chloro-N-(2-(dimethylamino)ehyl)-5-methyl-9-oxo-
9,10-dihydroacridine-4-carboxamide (5b)

A solution of 1-chloro-5-methyl-9-0x0-9,10-dihyd@aine-4-carboxylic acid
(4b) (1.0 g, 3.48 mmol) in DMF (20 mL) was added drggay with stirring, to a
solution of N,N-carbonyldiimidazole (0.85 g, 5.22 mmol) in DMF (firl) at room
temperature. After the addition was complete, thgture was still stirred for 30
minutes. Then, N,N-dimethyl-1,2-ethanediamine (0g9210.44 mmol) was added.
The reaction mixture was stirred at room tempeeatumtil the TLC showed the
disappearance of the starting material. After #gction was complete, the mixture
was partitioned betweenGéal, (50 mL) and water (50 mL).The organic extract was
washed with water (40 mX4), dried (MgSQ) and CHCI, was removed under
reduced pressure to give a residue which was pdrifiy column-chromatography
eluted with EtOAC/EtOH (9:1 v/v) to yield puib. Yield 65.3%;'H NMR (400
MHz, CDCk) § 12.93 (s, 1H), 8.27 (d, = 8.0 Hz, 1H), 7.72 (d] = 8.3 Hz, 1H), 7.50
(d,Jd =7.0 Hz, 1H), 7.19 () = 7.7 Hz, 1H), 7.15 (d] = 8.1 Hz, 1H), 3.57 (dd] =
10.9, 5.3 Hz, 2H), 2.64-2.59 (m, 2H), 2.58 (s, 333 (s, 6H).

3.5. Preparation of 1-chloro-N-(3-(dimethylamino)popyl)-5-methyl-9-0x0-9,10-
dihydroacridine-4-carboxamide (5c)

A solution of 1-chloro-5-methyl-9-0x0-9,10-dihyd@aine-4-carboxylic acid
(4b) (0.5 g, 1.74 mmol) in DMF (10 mL) was added drggay with stirring, to a
solution of N,N-carbonyldiimidazole (0.42 g, 2.61 mmol) in DMF (firl) at room

temperature. After the addition was complete, theture was still stirred for 30



minutes. Then, N,N-dimethyl-1,3-propanediamine 30 5.22 mmol) was added.
The reaction mixture was stirred at room tempeeatumtil the TLC showed the
disappearance of the starting material. After #gmction was complete, the mixture
was partitioned betweenGéal, (50 mL) and water (50 mL).The organic extract was
washed with water (40 mX4), dried (MgSQ) and CHCI, was removed under
reduced pressure to give a residue which was pdrifiy column-chromatography
eluted with EtOAC/EtOH (9:1 v/v) to yield puBe. Yield 61.9%;'H NMR (400 MHz,
CDCly) & 13.34 (s, 1H), 9.65 (s, 1H), 8.29 @®= 8.1 Hz, 1H), 7.65 (dJ = 8.3 Hz,
1H), 7.51 (d,J = 7.1 Hz, 1H), 7.21-7.15 (m, 2H), 3.64 (dd= 10.2, 5.8 Hz, 2H),
2.67-2.62 (m, 2H), 2.61 (s, 3H), 2.39 (s, 6H), (@5J = 11.4, 5.8 Hz, 2H).

3.6. Preparation of 1-chloro-N-(2-methoxyethyl)-5-rathyl-9-0x0-9,10-
dihydroacridine-4-carboxamide (5d)

A solution of 1-chloro-5-methyl-9-0x0-9,10-dihyd@aine-4-carboxylic acid
(4b) (0.5 g, 1.74 mmol) in DMF (10 mL) was added drggay with stirring, to a
solution of N,N-carbonyldiimidazole (0.42 g, 2.61 mmol) in DMF (i) at room
temperature. After the addition was complete, theture was still stirred for 30
minutes. Then, 2-methoxyethanamine (0.39 g, 5.22nmas added. The reaction
mixture was stirred at room temperature until th&CTshowed the disappearance of
the starting material. After the reaction was caetsl the mixture was partitioned
betweenCHCI, (50 mL) and water (50 mL).The organic extract waasked with
water (40 mLx4), dried (MgSQ) and CHCI, was removed under reduced pressure
to give a residue which was purified by column-chabography eluted with
EtOAC/EtOH (9:1 v/V) to yield purd.Yield 59.6%;'H NMR (400 MHz, CDGJ) &
12.79 (s, 1H), 8.27 (dl = 8.1 Hz, 1H), 7.72 (d] = 8.2 Hz, 1H), 7.51 (d] = 7.0 Hz,
1H), 7.19 (tJ = 7.6 Hz, 1H), 7.14 (d] = 8.2 Hz, 1H), 6.90 (s, 1H), 3.74 (dbi= 9.7,
4.8 Hz, 2H), 3.65 (1) = 4.8 Hz, 2H), 3.45 (s, 3H), 2.58 (s, 3H).

3.7. Preparation of 1-chloro-N-(2-(dimethylamino)ehyl)-5-methoxy-9-oxo-



9,10-dihydroacridine-4-carboxamide (5e)

A solution of 1-chloro-5-methoxy-9-0x0-9,10-dihydiyidine-4-carboxylic acid
(40 (0.5 g, 1.65 mmol) in DMF (10 mL) was added drggmy with stirring, to a
solution of N,N-carbonyldiimidazole (0.40 g, 2.48 mmol) in DMF (i) at room
temperature. After the addition was complete, theture was still stirred for 30
minutes. Then, N,N-dimethyl-1,2-ethanediamine (344.95 mmol) was added. The
reaction mixture was stirred at room temperaturdil uhe TLC showed the
disappearance of the starting material. After #g&ction was complete, the mixture
was partitioned betweenGEl, (50 mL) and water (50 mL).The organic extract was
washed with water (40 mX4), dried (MgSQ) and CHCIl, was removed under
reduced pressure to give a residue which was pdrifiy column-chromatography
eluted with EtOAC/EtOH (9:1 v/v) to yield pufe Yield 58.7%; mp 203-206; 'H
NMR (400 MHz, CDCY) 8 12.90 (s, 1H), 7.97 (dd,= 8.2, 0.9 Hz, 1H), 7.75 (d,=
8.2 Hz, 1H), 7.19 (dt) = 8.1, 3.8 Hz, 2H), 7.11 (dd,= 7.8, 1.1 Hz, 1H), 4.08 (s, 3H),
3.60 (dd,J = 11.2, 5.0 Hz, 2H), 2.65-2.56 (m, 2H), 2.32 (4);6°C NMR (100 MHz,
DMSO-dg) 6 176.02, 168.82, 155.70, 147.73, 144.89, 132.92,2P3 123.41, 121.16,
117.57, 112.37, 109.91, 105.48, 104.58, 58.68, 66485.76, 43.80, 37.73;
HR-MS(ESI): Calcd for [M+H] 374.1271; Found: 374.1283.

3.8. Preparation of 1-chloro-N-(3-(dimethylamino)popyl)-5-methoxy-
9-0x0-9,10-dihydroacridine-4-carboxamide (5f)

A solution of 1-chloro-5-methoxy-9-0x0-9,10-dihydiyidine-4-carboxylic acid
(40) (0.9 g, 2.97 mmol) in DMF (20 mL) was added drggmy with stirring, to a
solution of N,N-carbonyldiimidazole (0.72 g, 4.46 mmol) in DMF (i) at room
temperature. After the addition was complete, theture was still stirred for 30
minutes. Then, N,N-dimethyl-1,3-propanediamine 10d) 8.91 mmol) was added.
The reaction mixture was stirred at room tempeeatumtil the TLC showed the
disappearance of the starting material. After #gmction was complete, the mixture

was partitioned betweenGEl, (50 mL) and water (50 mL).The organic extract was



washed with water (40 mX4), dried (MgSQ) and CHCI, was removed under
reduced pressure to give a residue which was pdrifiy column-chromatography
eluted with EtOAC/EtOH (9:1 v/v) to yield puBd. Yield 60.5%;'H NMR (400 MHz,
CDCl) 8 13.27 (s, 1H), 9.51 (s, 1H), 7.97 @= 8.4 Hz, 1H), 7.63 (d) = 8.3 Hz,
1H), 7.18 (tJ = 8.4 Hz, 1H), 7.17 (d] = 8.0 Hz, 1H), 7.10 (d] = 8.0 Hz, 1H), 4.08
(s, 3H), 3.65 (ddJ = 10.0, 5.7 Hz, 2H), 2.69 — 2.57 (m, 2H), 2.366(d), 1.83 (dtJ

= 11.3, 5.8 Hz, 2H).

3.9. Preparation of 1-chloro-5-methoxy-N-(2-methoxgthyl)-9-oxo-
9,10-dihydroacridine-4-carboxamide (59)

A solution of 1-chloro-5-methoxy-9-0x0-9,10-dihydidine-4-carboxylic acid
(40 (0.9 g, 2.97 mmol) in DMF (20 mL) was added dregey with stirring, to a
solution of N,N-carbonyldiimidazole (0.72 g, 4.46 mmol) in DMF (i) at room
temperature. After the addition was complete, theture was still stirred for 30
minutes. Then, 2-methoxyethanamine (0.67 g, 8.9loinmas added. The reaction
mixture was stirred at room temperature until th&CTshowed the disappearance of
the starting material. After the reaction was caetgl the mixture was partitioned
betweenCHCI, (50 mL) and water (50 mL).The organic extract waasked with
water (40 mLx4), dried (MgSQ) and CHCI, was removed under reduced pressure
to give a residue which was purified by column-chabography eluted with
EtOAC/EtOH (9:1 v/v) to yield purég.Yield 57.4%;'H NMR (400 MHz, CDGJ) &
12.75 (s, 1H), 7.96 (d] = 8.0 Hz, 1H), 7.72 (d] = 8.2 Hz, 1H), 7.22-7.15 (m, 2H),
7.11 (dd,J = 7.8, 1.1 Hz, 1H), 6.82 (s, 1H), 4.08 (s, 3HY43(dd,J = 10.3, 5.1 Hz,
2H), 3.67-3.61 (m, 2H), 3.43 (s, 3H).

3.10. Preparation of 1-chloro-N-(4-(dimethylamino)butyl)-5-methoxy-9-
0Xx0-9,10-dihydroacridine-4-carboxamide (5h)

A solution of 1-chloro-5-methoxy-9-0x0-9,10-dihydiyidine-4-carboxylic acid
(40) (0.5 g, 1.65 mmol) in DMF (15 mL) was added drggmy with stirring, to a

10



solution of N,N-carbonyldiimidazole (0.40 g, 2.48 mmol) in DMF () at room
temperature. After the addition was complete, theture was still stirred for 30
minutes. Then, N,N-dimethyl-1,4-butanediamine (0g58.95 mmol) was added. The
reaction mixture was stirred at room temperaturdil uhe TLC showed the
disappearance of the starting material. After #gection was complete, the mixture
was partitioned betweenGEl, (50 mL) and water (50 mL).The organic extract was
washed with water (40 mX4), dried (MgSQ) and CHCIl, was removed under
reduced pressure to give a residue which was pdrifiy column-chromatography
eluted with EtOAC/EtOH (9:1 v/v) to yield puigh. Yield 47.8%;'H NMR (400
MHz, CDCk) 8 12.97 (s, 1H), 9.16 (s, 1H), 7.92 (W= 8.1 Hz, 1H), 7.73 (d] = 8.2
Hz, 1H), 7.15 (tJ = 8.0 Hz, 1H), 7.07 (d] = 8.0 Hz, 2H), 4.05 (s, 3H), 3.50-3.40 (m,
2H), 2.34 (tJ = 6.2 Hz, 2H), 2.19 (s, 6H), 1.78 (dt= 12.2, 6.2 Hz, 2H), 1.72-1.60
(m, 2H).

3.11. Preparation of 1-chloro-N-(2-(dimethylamino)ethyl)9-oxo-5-(trifluoro
methyl)-9,10-dihydroacridine-4-carboxamide (5i)

A solution of
1-chloro-9-oxo-5-(trifluoromethyl)-9,10-dihydroadme-4-carboxylic acid4d) (0.7 g,
2.05 mmol) in DMF (15 mL) was added dropwise, watirring, to a solution of
N,N’-carbonyldiimidazole (0.50 g, 3.08 mmol) in DMF (L) at room temperature.
After the addition was complete, the mixture wal stirred for 30 minutes. Then,
N,N-dimethyl-1,2-ethanediamine (0.54 g, 6.16 mmulas added. The reaction
mixture was stirred at room temperature until th&€Tshowed the disappearance of
the starting material. After the reaction was catgl the mixture was partitioned
between CHCI, (50 mL) and water (50 mL).The organic extract waessked with
water (40 mLx4), dried (MgSQ) and CHCI, was removed under reduced pressure
to give a residue which was purified by column-chatography eluted with
EtOAC/EtOH (9:1 v/V) to yield pursi.Yield 43.9%;'H NMR (400 MHz, CDCJ) &
13.58 (s, 1H), 8.62 (dl = 8.0 Hz, 1H), 7.97 (d] = 7.5 Hz, 1H), 7.80 (d] = 8.3 Hz,

11



1H), 7.33 (tJ = 7.7 Hz, 2H), 7.24 (d] = 8.0 Hz, 1H), 3.65-3.55 (m, 2H), 2.60Jt=
5.8 Hz, 2H), 2.32 (s, 6H).

3.12. Preparation of 1,5,7-trichloro-N-(2-(dimethylamino)ethyl)-9-ox0-9,10-
dihydroacridine-4-carboxamide (5j)

A solution of 1,5,7-trichloro-9-ox0-9,10-dihydro&dine-4-carboxylic acid 4e)
(0.8 g, 2.35 mmol) in DMF (15 mL) was added dromyiwith stirring, to a solution
of N,N'-carbonyldiimidazole (0.57 g, 3.52 mmol) in DMF (18L) at room
temperature. After the addition was complete, theture was still stirred for 30
minutes. Then, N,N-dimethyl-1,2-ethanediamine (6Z.04 mmol) was added. The
reaction mixture was stirred at room temperaturdil uhe TLC showed the
disappearance of the starting material. After tgction was complete, the mixture
was partitioned betweenGéal, (50 mL) and water (50 mL).The organic extract was
washed with water (40 mX4), dried (MgSQ) and CHCI, was removed under
reduced pressure to give a residue which was pdrifiy column-chromatography
eluted with EtOAC/EtOH (9:1 v/v) to yield puBg.Yield 49.2%:'"H NMR (400 MHz,
CDClg) 6 13.43 (s, 1H), 8.28 (d,= 2.3 Hz, 1H), 7.83 (d] = 8.3 Hz, 1H), 7.72 (d] =
2.3 Hz, 1H), 7.39 (dJ = 8.3 Hz, 1H), 7.25 (s, 1H), 3.60 (d#i= 10.0, 5.2 Hz, 2H),
2.68-2.56 (m, 2H), 2.33 (s, 6H).
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5. High resolution mass spectrometry
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