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Abstract

The global impact of malaria remains staggering despite extensive efforts to eradicate the disease.
With increasing drug resistance and the absence of a clinically available vaccine, there is an urgent
need for novel, affordable, and safe drugs for prevention and treatment of malaria. Previously we
described a novel antimalarial acridone chemotype that is potent against both blood-stage and
liver-stage malaria parasites. Here we describe an optimization process that has produced a
second-generation acridone series with significant improvements in efficacy, metabolic stability,
pharmacokinetics, and safety profiles. These findings highlight the therapeutic potential of dual-
stage targeting acridones as novel drug candidates for further preclinical development.
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T31 (1¥ Generation) TI1 (26,2 Generation)

T31 T111 (26)
In vitro 1C50 vs. blood-stage P. falciparum D6/Tm90-C2B: 0.022/228 0.028/5.6
In vivo ED50/ED90 (mg/kg/d) vs. blood-stage P. yoelii: 1.0/1.6 0.045/0.098
In vivo cure (mg/kgx4 days) vs. blood-stage P. yoelii: 80 10
In vivo full protection/cure (mg/kgx3 days) vs. liver-stage P. berghei: 4.0 4.0
In vitro metabolic stability vs. human/mouse (t1/2, min): 12/21 >60/50
In vivo PK (mouse, po): plasma/liver half-life (t1/2, h): 6.00/4.63 23.6/14.0
hERG (% inhibition at 10 pM): 57 5.7
hERG (% inhibition at 10 pM): 57 5.7
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INTRODUCTION

Malaria has been a scourge on humankind down through the centuries of recorded time and
even now it accounts for over 200 million clinical cases worldwide each year along with
roughly half a million deaths.: 2 The global eradication effort in the past decade has
propelled a surge in antimalarial drug development.3-> However, many challenges remain
for a sustainable elimination campaign, including the failing effectiveness of front-line
artemisinin-combination therapy (ACT) due to emerging resistance,5-8 and safety concerns
associated with limited radical cure options for relapsing Plasmodium vivax.® 10 Without
any clinically proven vaccine in sight, there is a continuous need to develop new drugs that
overcome artemisinin resistance and ideally such agents would be active in both treatment of
active bloodstream infections as well as preventing the disease at the liver-stage.3 4 11-13

We recently described acridones with dual-stage activity against both liver- and blood-stage
malaria parasites.1* However, these acridones only displayed moderate metabolic stability
along with an unsatisfactory risk of cardiotoxicity and evidence of cross-resistance to
atovaquone (ATV) in P, falciparum. With the aim of improving metabolic stability, safety
profile and other desired “drug-like” properties, we created a second-generation of acridones
by varying the halogen substitution pattern on ring-A and placement of aryl groups on ring-
B (Figure 1). A rigorous lead optimization process produced candidates with enhanced
potency against blood- and liver-stage malaria parasites, improved metabolic stability and
PK profile, and with a diminished risk of cardiotoxicity and cross-resistance with ATV,
while maintaining a high selectivity index toward killing the parasites.
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RESULTS AND DISCUSSION

Chemistry.

Our previous structural optimizations of the first-generation acridones demonstrated that
halogen substitutions on ring-A and (dialkylamino)alkoxy moieties at the 6 position on ring-
B are required for optimal broad-spectrum antimalarial activity.14 Subsequently, we have
designed and synthesized a large library of the second-generation acridones with various
mono- and di-substitutions on ring-A and aryloxy, arylamino, aryl or benzyloxy moieties at
either the 6 or 7 position of ring-B, via simple and efficient synthetic routes from
commercially available and inexpensive starting materials. The synthetic routes for the
second-generation acridones are outlined in Schemes 1-3.

Synthesis of 6-aryloxy-, 6-arylamino- and 6-aryl-acridones (18-58).

Synthesis of the first series of acridones 18-58 with various mono and di-substitutions on
ring-A and aryloxy, arylamino and aryl moieties at the 6 position of ring-B started from
commercially available methyl 4-iodo-2-methoxybenzoate (1) and methyl 4-bromo-2-
methoxybenzoate (2). Initially the copper-catalyzed arylation!® of 1 with phenols 3a—e
delivered the corresponding diaryl ether intermediates 4a—e, which were then converted into
2-hydroxy-diaryl ethers 5a—¢, by selective deprotection of the methoxy (OMe) group with
boron trichloride (BCl3).16 Intermediates 5a—e were treated with triflic anhydride (Tf,0) in
the presence of pyridine to give the triflates 6a—e, which were further subjected to
Buchwald-Hartwig cross coupling with various substituted anilines 7a—I to give the key
anthranilate intermediates 8a—q (Scheme 1).14 17 Conversely, synthesis of anthranilate
intermediates 12a-j and 17a—f, key synthons in the synthesis of acridones 43-52 and
53-58, commenced with the coupling of 2 with corresponding anilines 7m—q and boronic
acids 13a—d under standard Buchwald-Hartwig and Suzuki cross-coupling reaction
conditions to derive intermediates 9a—e and 14a—d, respectively. Intermediates 9a—e and
14a—d then delivered 12a—j and 17a—f in good yields, via the appropriate intermediates 10a
-e, 11a-e and 15a-d, 16a—d, respectively. Finally, our recently developed method (boron
trifluoride etherate (BF3-Et,0)/microwave irradiation)8 efficiently delivered the desired
acridones 18—-42 and 53-58 in good to excellent yields in short reaction time (1.0 min), via
an intramolecular cyclization of the anthranilate intermediates 8a—q and 17a-f, respectively
(Scheme 1). Similarly, Eaton’s acid-mediated cyclization of 12a—j provided the
corresponding acridones 43-52 in good yields.4 Positional isomers were separated either by
recrystallization or flash column chromatography.

Synthesis of 7-aryloxy- and 7-arylamino-acridones (68-80).

The second series of acridones 68—80 with di-substitutions on ring-A, and aryloxy and
arylamino moieties at the 7 position of ring-B were synthesized from commercially available
methyl 5-iodo-2-methoxybenzoate (59) accompanying 3a and methyl 5-bromo-2-
hydroxybenzoate (60) with appropriate anilines 7, via the same synthetic methods that were
employed in the Scheme 1. Eaton’s acid or polyphosphoric acid (PPA)-mediated cyclization
of the key anthranilate intermediates 66a—c and 67a—i provided the desired acridones 68-71
and 72-80, respectively, in good yields (Scheme 2).
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Synthesis of 6- and 7-benzyloxy-acridones (86-93, 99-102 and 107-109).

The third series of acridones 86-93, 99-102 and 107-109 with di-substitutions on ring-A
and a variety of benzyloxy moieties at either the 6 or 7 position of ring-B were synthesized
starting with commercially available methyl 2-hydroxy-4-methoxybenzoate (81), methyl
2,4-dihydroxybenzoate (94) and methyl 2-bromo-5-methoxybenzoate (103) (Scheme 3). The
key hydroxy-acridone intermediates 85a—c and 106 were synthesized via the same synthetic
methods that were employed in the previous Schemes 1 and 2. By treating with various
benzyl bromides in the presence of anhydrous K,COg3, 85a—c and 106 provided the
corresponding acridones 86—93 and 107-109 in good to excellent yields (top and bottom
panels, Scheme 3). Conversely, a different strategy was employed for the synthesis of
acridones 99-102 (Scheme 3, middle panel), in which the benzyloxy group was installed at
the 6 position of ring-B before the Buchwald-Hartwig cross coupling reaction. Synthesis of
99-102 began with the O-benzylation of 94 in the presence of appropriate benzyl bromides
and K,COj3 to provide the 4-benzyloxy intermediates 95a and 95b.19 Intermediates 95a and
95b were treated with Tf,0 in the presence of pyridine to give the triflate intermediate 96a
and 96b, which were further subjected to Buchwald-Hartwig cross-coupling with methoxy-
anilines 7 to give the anthranilate intermediates 97a—d. BF3-EtoO-mediated cyclization of
97a-d under microwave irradiation conditions provided the desired acridones 99-102 as
major products along with the 6-hydroxy-acridones 98a and 98b as minor products. These
two products were separated by column chromatography using a mixture of ethyl acetate
and MeOH as a mobile phase. Upon treatment with benzyl bromides in the presence of
anhydrous K,COs3, 98a and 98b efficiently delivered the desired acridones 99-102 in
excellent yields.1? It is noteworthy that this new synthetic strategy (Scheme 3, middle panel)
efficiently generates acridones that contain a OMe group on ring-A and benzyloxy groups on
ring-B.

Biological Activity.
The library of second-generation acridones with various mono- and disubstitutions on ring-
A and aryloxy, arylamino, aryl or benzyloxy moieties at either the 6 or 7 position of ring-B
were evaluated for both blood-stage and liver-stage antimalarial efficacy, safety, and
metabolic/PK properties. The results are summarized and discussed in the following
sections.

In Vitro Blood-Stage Activity and Structure—Activity Relationships (SAR) of 6-Aryloxy-
Acridones (18-42).

In our previous work, a number of first-generation acridones with di-halogens on ring-A and
(dialkylamino)alkoxy moieties at the 6 position on ring-B showed promising potency and
efficacy against both blood-stage and liver-stage malarial infections.1# Considering that the
alkyl moieties are probably easily metabolized in vivo, we hypothesized that the replacement
of the (dialkylamino)alkoxy groups on ring-B with aryloxy groups might improve the
metabolic stability and PK profiles. Therefore, we generated an initial series of acridones
18-42 bearing mono and di-substitutions on ring-A and aryloxy moieties at the 6 position of
ring-B (Table 1). In vitro antimalarial blood-stage activity of acridone derivatives was tested
against a panel of multidrug-resistant (MDR) P, falciparum (D6, Dd2, 7G8 and TM90-C2B)
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with different geographic and genetic backgrounds using a SYBR Green based assay2° and
the results are listed in Table 1. Chloroquine (CQ) and atovaquone (ATV) were used as
reference drugs in all experiments.

Starting from our first-generation lead acridone compound T31, the (dialkylamino)alkoxy
group at the 6 position on ring-B of T31 was first replaced with 4-
(trifluoromethoxy)phenyloxy moiety, leading to acridone 18. Although 18 exhibited
respectable in vitro antiplasmodial potency with low nanomolar 1Csgq values against all
tested £, falciparum strains (Table 1), it was less potent than T31 (18 IC5p = 3.2 nM vs. T31
ICs5 = 0.022 nM against D6, Table 1). Notably, compound 18 showed reduced cross-
resistance with ATV against Tm90-C2B (ATV resistant clinical isolate) compared to T31
and ATV (the ratio of Tm90-C2B 1C5¢/D6 ICsq for 18 = 329 vs. T31 = 10363 and ATV =
82560). These findings demonstrated that the aryloxy moiety at the 6 position of ring-B is
beneficial for overcoming ATV cross-resistance. Consequently, we retained the aryloxy
moiety at the 6 position on ring-B in further modifications and introduced various mono-
and di-substitutions at different positions on ring-A. Shifting the chlorine (CI) of 18 from
position 1 to the position 3 as in 19, led to 6-fold reduced antiplasmodial potency (19 ICgq =
21 nM vs. 18 ICgy = 3.2 nM against D6), whereas acridone 20, with CI substitution of 18
shifting from position 2 to the position 3, showed 6-fold enhanced potency (20 ICsg = 0.52
nM vs. 18 I1C5p = 3.2 nM against D6). Removal of Cl substitution at position 1 of 20, as in
acridone compound 21, showed 80% decrease in antiplasmodial activity (21 1Csg = 2.6 nM
vs. 20 IC5p = 0.52 nM against D6). Replacement of the dichloro substitutions at positions 1
and 3 of ring-A from 20 with difluoro substitutions, as in acridone compound 22, led to
significant increase (>100-fold) in the antiplasmodial potency (22 1C5q = 0.0047 nM vs. 20
ICs50 = 0.52 nM against D6) with excellent selectivity. Only a two-fold antiplasmodial
potency loss was observed when the OCF3 group of 6-aryloxy moiety on ring-B of 22 was
replaced with Cl as in 23 (23 IC5¢ = 0.010 nM vs. 22 ICgg = 0.0047 nM against D6). The
greatest loss of antiplasmodial potency was observed with mono fluoro substituted acridones
24 and 25 (51-fold and 680-fold, respectively) when compared with the corresponding
difluoro substituted acridones 22. Interestingly, the antiplasmodial potency was retained
against all tested £ falciparum strains even after introducing a combination of F and CI
substitutions at both positions 1 and 3 on ring-A with acridones 26 (ICsg = 0.028 nM against
D6) and 27 (ICsq = 0.050 nM against D6). These results demonstrated that the dihalogen
substitutions on ring-A aryloxy moiety at the 6 position on ring-B are required for optimal
potency. The cross-resistance against blood-stage parasites Tm90-C2B for mono and di-
halogen substituted acridone compounds 18-27 was reduced compared to the first-
generation acridones (Table 1).

To further diminish cross-resistance with ATV, we generated a series of acridones 28-42,
with halogen and methoxy moieties on ring-A and aryloxy groups at the 6 position of ring-
B, then tested for blood-stage antiplasmodial activity (Table 1). The acridones 28-30, which
contain a halogen at position 1 and OMe group at position 3 on ring-A and an aryloxy
moiety at position 6 on ring-B, retained the potency against all tested P, falciparum strains as
compared to the corresponding di-halogenated acridones 20, 22, 23, 26 and 27. In contrast,
the 6-aryloxy-acridones 31-33 containing a methoxy group at the 1 position and halogen at
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the 3 position on ring-A, showed decreased antiplasmodial activities compared to the
corresponding positional isomers 28-30 (31 IC55 = 28 nM vs. 28 IC5g = 5.0 nM; 32 ICgg =
54 nM vs. 29 ICgy = 0.65 nM; 33 IC5p = 18 nM vs. 30 IC5p = 0.51 nM against D6). These
observations demonstrated that the combination of halogen and OMe groups at position 1
and 3, respectively, are well tolerated on ring-A, regardless of the substitutions on aryloxy
moiety at position 6 of ring-B. Shifting the OMe of 28 from position 3 to position 2 as in 34,
led to a minimal reduction in antiplasmodial potency (34 1C5p = 17 nM vs. 28 ICgq = 5.0 nM
against D6). A nearly 10-fold loss of activity occurred when the CI of 34 shifted from
position 1 to position 3 on ring-A as in acridone 35 (35 ICgg = 157 nM vs. 34 IC5q = 17 nM
against D6). Complete removal of a halogen substitution at position 3 on ring-A of acridone
31 as with the analogue 36 showed a minimal effect on the antiplasmodial activity (36 1Csq
=40 nM vs. 31 IC5p = 28 nM against D6). Interestingly, acridone compound 37, in which
the 3 position of ring-A is substituted with OMe group, exhibited significantly increased
antiplasmodial potency compared to the corresponding positional isomer 36 (37 ICgg = 0.33
nM vs. 36 ICsp = 40 nM against D6). This work suggested that the OMe group at both
positions 1 and 2 on ring-A had adverse effect on antiplasmodial activity, whereas the OMe
group was well tolerated at the 3 position on ring-A. We next investigated the effect of
halogen and OMe substitutions at positions 2 and 3 on ring-A. It is noteworthy that the 2,3-
disubstituted-acridones 38—42 with different aryloxy moieties at the 6 position of ring-B,
containing OMe group at position 3 on ring-A showed superior antiplasmodial potency with
low nanomolar concentrations (ICsp < 2.8 nM across the entire test panel) and diminished
cross-resistance with ATV against Tm90-C2B (ratio of Tm90-C2B IC5(/D6 ICgq < 1.5).
Most of the acridone compounds containing OMe group on ring-A (compounds 31, 32, and
35-42) also displayed diminished cross-resistance with ATV, compared to the first-
generation lead candidate T31 and corresponding di-halogenated 6-aryloxy-acridones 18,
20, 22, 23, 26 and 27. Taken together, SAR analyses of acridone compounds 18-42 (Table
1) demonstrated that a halogen in position 1 or 2 and OMe group at position 3 of ring-A,
along with an aryloxy moiety at the 6 position on ring-B are best tolerated.

In Vitro Blood-Stage Activity and SAR of 6-Arylamino-Acridones 43-52.

Having optimized the impact of various substituents on antimalarial activity of acridones
that contain a combination of halogen and OMe substitutions on ring-A and an aryloxy
moiety at the 6 position of ring-B, we next investigated the impact of the arylamino moiety
in the place of aryloxy moiety at the 6 position of ring-B on in vitro blood-stage activity.
1,3-Dihalogenated acridones 43—45 with either 4-(trifluoromethoxy)phenylamino or 4-
(chloro)phenylamino moiety at the 6 position of ring-B exhibited excellent potency with low
ICsq values against D6 ranging from 0.0060 nM to 0.55 nM (Table 2). These results were
comparable to the corresponding 6-aryloxy-acridones 20, 22 and 23 (43 ICgg = 0.55 nM vs.
20 1C59 = 0.52 nM; 44 1C59 = 0.20 nM vs. 22 IC5 = 0.0047 nM; 45 IC5p = 0.0060 nM vs.
23 1C5p = 0.010 nM against D6). Acridones 46—48 with a halogen at position 1 and OMe
group at position 3 on ring-A and 4-(trifluoromethoxy)phenylamino and/or 4-
(chloro)phenylamino moiety at position 6 of ring-B also retained the potency compared to
the corresponding 6-aryloxy-acridones 28—30 (Tables 1 and 2). Significantly, 6-arylamino-
acridones 49-52 containing a halogen at position 2 and OMe group at position 3 on ring-A
exhibited optimal antiplasmodial activity at low nanomolar concentrations (ICsg = 0.81-5.7
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nM) and most reduced cross-resistance with ATV against TM90-C2B. Antiplasmodial
potency and cross-resistance pattern were similar to the corresponding 6-aryloxy-acridones
38-42 (Tables 1 and 2). Taken together, SAR of acridone compounds 43-52 demonstrated
that a halogen substitution at either the 1 or 2 position and OMe group at the 3 position on
ring-A and a substituted arylamino moiety at the 6 position on ring-B are also well tolerated.

In Vitro Blood-Stage Activity and SAR of 6-Aryl-Acridones 53-58.

After establishing the halogen and OMe substitutions pattern at the 1, 3 and 2, 3 positions of
ring-A, and aryloxy and arylamino groups at the 6 position of ring-B of acridones, we next
investigated whether the aryl substitutions at the 6 position on ring-B are tolerated. We
synthesized and screened a series of 6-aryl-acridones 53-58 (Table 2) with halogens at both
positions 1 and 3, and a combination of halogen and OMe substitutions at either position 1
and 3 or positions 2 and 3 on ring-A. All the 6-aryl-acridones 53—58 showed great in vitro
antiplasmodial potency with low nanomolar concentrations (ICsq = 0.54-3.5 nM against
D6), similar to the SAR and cross-resistance trend observed with the corresponding 6-
aryloxy-acridones and 6-arylamino-acridones. In general, SAR analyses of the in vitro
blood-stage antiplasmodial activity with acridones 18-58 (Tables 1 and 2) unambiguously
demonstrated that a halogen either at position 1 or 2 and OMe group at position 3 on ring-A
and the aryloxy, arylamino and aryl moieties at position 6 on ring-B have an important role
on potent antiplasmodial activity, as well as on mitigating cross-resistance with ATV.

In Vitro Blood-Stage Activity and SAR of 7-Aryloxy- and Arylamino-Acridones 68-80.

We next investigated whether the aryloxy and arylamino substitutions at position 7 on ring-B
are tolerated for antiplasmodial activities. We synthesized a series of acridones 68-80,
where ring-A is substituted with either two halogens or a combination of halogen and
methoxy groups, and ring-B is substituted with various (trifluoromethoxy)phenyloxy and
(trifluoromethoxy)phenylamino moieties and screened for their in vitro blood-stage
antiplasmodial activity (Table 3). Of the 7-aryloxy-acridones 68-71, acridones 68 and 69
with di-fluoro substitutions at positions 1 and 3 and 1-fluoro and 3-methoxy substitutions on
ring-A, respectively, exhibited the greatest antiplasmodial potency (IC5p < 0.69 nM against
D6). However, the potency of compound 68 significantly declined compared to the
corresponding 6-aryloxy-acridone 22 (68 ICgg = 0.12 nM vs. 22 ICsg = 0.0047 nM against
D6). Interchange of fluorine and methoxy groups between positions 1 and 3 on ring-A as in
70 resulted in a 25-fold decrease in potency (70 ICsg = 17 nM vs. 69 1C5p = 0.69 nM against
D6). Similarly, shifting of fluorine at position 1 of 69 to position 2, as in 71, the potency
significantly declined (> 100-fold). It was observed that acridones 69-71 with a methoxy
group on ring-A exhibited less cross-resistance with ATV than the di-fluoro substituted 7-
aryloxy-acridone 68 (the ratio of Tm90-C2B ICgu/D6 I1Cgq for 69-71 = 1.9-14 vs. 68 =
167), again suggesting the importance of the methoxy group on ring-A. Next, we prepared a
series of acridones 72—-80 with di-halogens at positions 1 and 3 and a combination of
halogen and methoxy group at positions 2 and 3 on ring-A and various
(trifluoromethoxy)phenylamino moieties at position 7 on ring-B. All of these 7-arylamino-
acridones 72-80, with the exception of 74 (1C5q = 0.048 nM against D6), displayed
moderate antiplasmodial activity (ICsg = 29-1474 nM against D6) than the corresponding 7-
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aryloxy-acridones and 6-arylamino-acridones. These findings indicate that the arylamino
groups at position 7 of ring-B were detrimental to optimal antimalarial activities.

In Vitro Blood-Stage Activity and SAR of 6-and 7-Benzyloxy Acridones 86-93, 99-102 and

107-109.

Our detailed SAR explorations around ring-A and ring-B of acridones led to valuable insight
of the structural features that are required for potent antimalarial activity. Last, we sought to
explore whether the substitution of benzyloxy group in place of aryloxy group on ring-B is
tolerated. A series of novel acridones 86-93, 99-102 and 107-109, in which ring-B is
substituted with a variety of benzyloxy moieties at either position 6 or 7 and ring-A is
substituted with either halogens or a combination of halogen and methoxy groups, were
generated and tested for their in vitro blood-stage antimalarial activity (Table 4).
Remarkably, all of these benzyloxy-acridones 86—93, 99-102 and 107-109 showed the
highest antiplasmodial activities with many compounds exhibiting picomolar I1Csq values
against D6, regardless of the substitution pattern on the benzyloxy moieties of ring-B and
halogen and methoxy substitutions on ring-A. These results unequivocally demonstrated that
the benzyloxy moieties at positions 6 and 7 of ring-B play a vital role in enhancing
antiplasmodial potency. Notably, the 6-benzyloxy-acridones 99-102 with OMe group on
ring-A, exhibited equal or comparable potency across the entire £, falciparum test panel
(Table 4) with diminished cross-resistance compared to the corresponding benzyloxy-
acridones lacking the OMe group on ring-A. Overall, the detailed SAR of the second-
generation acridones (Tables 1-4) suggested that aryl, aryloxy, arylamino and benzyloxy
moieties at position 6 on ring-B, and halogens and OMe group at either the 1 and 3 or 2 and
3 positions on ring-A play key roles in enhancing in vitro blood-stage antimalarial potency
with balanced cross-resistance pattern.

In Vivo Blood-Stage Efficacy in a Rodent Malaria Model.

In vivo antimalarial blood-stage efficacy was determined using a well-established murine 4-
day suppression model against 2 yoelii14 21. 22 Sixty-two acridone compounds were tested
in this in vivo model using CQ as a reference drug and the results are summarized in Table
5. The in vivo data are expressed as ED5p and EDgq values. The animals were considered
cured if they survive 28 days after the infection without detectable bloodstream parasites.
Most of the acridone derivatives exhibited excellent blood-stage oral efficacy (ED5q and
EDgg values are shown Table 5). Most significantly, eighteen acridone compounds
demonstrated superior blood-stage efficacy compared to first-generation lead compound
T31, with EDgq values less than 1 mg/kg/d. Acridones 20, 22, 26, 27, 29 and 88 were
curative out to day 28 in this model after treatment of either 10 mg/kg x 4 days or 30 mg/kg
x 4 days, i.e., much lower dosages than required for T31 (80 mg/kg x 4 days) to achieve a
cure. Notably, acridones 18 and 22 were curative out to day 28 in the same model at 5 and 3
mg/kg x 4 days, respectively. No overt clinical toxicity or behavior change was observed in
mice treated with these acridones. In vitro blood-stage activity (Tables 1-4) mostly
correlates well with in vivo blood-stage efficacy (Table 5), with the exceptions of
compounds 23, 28, 41, 42, 47, 48, 54, 55, 56, 68, 74, 86, 87, 88, 92, 93, 99, and 109 where
excellent in vitro blood-stage activity did not translate into superior in vivo blood-stage
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efficacy. Our down-selection process for lead candidates at this stage was primarily driven
by superior in vivo efficacy.

In Vitro Liver-Stage Antimalarial Activity and SAR of Second-Generation Acridones.

In vitro liver-stage activity was assessed utilizing luciferase-expressing £ berghei sporozoite
infected human hepatocyte HepG2 cells* 23. 24 and the results are summarized in Table 6.
A number of second-generation acridones exhibited potent activity against liver-stage
parasites, without evident toxic effect on the host liver cells. Twenty-one compounds,
including 6-aryloxy-acridones 18, 22, 24, 26, 29, 34, 38—41, 6-arylamino-acridones 44 and
48, 7-aryloxy-acridone 68, 7-arylamino-acridone 74, 6-benzyloxy-acridones 87, 88, 90-92
and 99, and 7-benzyloxy-acridone 107, showed the highest liver-stage antimalarial potency
(ICs = 0.12-5.9 nM) and were superior to the control drug ATV (ICgg = 6.5 nM).
Surprisingly, the majority of the 6-aryl-acridones, and 6- and 7-arylamino-acridones
exhibited inferior liver-stage activity, suggesting that aryl and arylamino substitutions on
ring-B were detrimental to the liver-stage activity. It is noteworthy that all the 7-arylamino-
acridones, with the exception of 74, exhibited inferior in vitro antiparasitic activities against
both blood-stage and liver-stage parasites. It appears that aryloxy and benzyloxy moieties at
either the 6 or 7 position on ring-B, and halogen and OMe groups at either the 1 and 3 or 2
and 3 positions on ring-A are optimal for liver-stage antimalarial activities.

In Vivo Liver-Stage Efficacy in a Rodent Malaria Model.

In vivo antimalarial liver-stage efficacy was assessed with real-time in vivo imaging system
(IVIS), using transgenic bioluminescent parasites in a rodent malaria model.14. 25-27
Luciferase-expressing P. berghei sporozoites were inoculated in mice on day 0, with oral
doses of acridones administered on day -1, day O, and day 1. After the inoculation,
bioluminescent signals were measured at 24 h and 48 h for liver-stage development and at 72
h for blood-stage infection. As illustrated in Figure 2, strong bioluminescence signals were
detected in untreated mice at both 24 h and 48 h in the liver region, followed by intense
signals in the whole body at 72 h, resulting from infection in the peripheral blood
circulation. Twenty-eight selected second-generation acridones were tested at various oral
doses in this animal model and the results are summarized in Table 6. Acridones 26 (T111)
and 90 (T122) provided full protection and cure at 10 mg/kg/d while acridones 91 (T124)
and 107 (T129) provided full protection and cure at 40 mg/kg/d without any visible parasites
in the liver at 24 h and 48 h (Figure 2), demonstration of true causal prophylactic efficacy.
No blood-stage infections were developed at 72 h (Figure 2) and all treated mice were cured
without blood-stage parasitemia up to day 31. Most significantly, acridone 26 (T111)
provided full protection and sustained blood-stage cure even at 4 mg/kg/d (Figure 2). These
results are comparable or superior to primaquine (full protection/cure at 25 mg/kg/d)?8 and
to the control drug 4-methyl-primaquine (full protection/cure at 5 mg/kg/d). Moreover, at 1
mg/kg/d acridone 26 (T111) offered partial parasite reduction with 97% suppression at 48 h
and 1 out of 5 treated mice was cured out to day 31. In addition to these compounds, eight
acridones (22, 29, 39, 40, 68, 69, 87, and 88) were able to provide substantial reduction of
parasites (> 80% suppression) in the liver at 48 h at 40 mg/kg/d or less (Table 6).

J Med Chem. Author manuscript; available in PMC 2020 July 12.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Kancharla et al. Page 10

Ex Vivo Antimalarial Activity against Clinical Isolates.

Second-generation representative acridone compounds 38 and 39 were also evaluated with
up to fifty P falciparum field clinical isolates collected from malaria patients in Uganda,
using an ex vivo ICs assay.29 The ICs values of 38 and 39 against these clinical isolates
ranged from 1.1 to 8.6 nM (geometric mean = 3.9 nM; 95% ClI, 3.5 -4.5; N =50) and 1.3 to
12 nM (geometric mean = 5.4 nM; 95% CI, 4.7 — 6.3; N = 49), respectively (Figure 3). The
ICsq values for the control antimalarial drugs ranged from 4.1 to 727 nM (geometric mean =
34 nM; 95% ClI, 22 — 52; N = 45) for chloroquine (CQ), reflecting the presence of CQ-
resistant parasites circulating in eastern Uganda in 2016.2° For other standard antimalarials,
ICsq values range from 1.0 to 27 nM (geometric mean = 5.9 nM; 95% ClI, 4.8 — 7.3; N = 46)
for piperaquine (PIP), 0.3 to 4.4 nM (geometric mean = 1.4 nM; 95% CI, 1.2 — 1.7; N = 41)
for dihydroartemisinin (DHA), 0.1 to 0.6 nM (geometric mean = 0.27 nM; 95% CI, 0.20 —
0.35; N = 19) for atovaquone (ATV), and 0.6 to 15.0 nM (geometric mean = 4.2 nM; 95%
Cl, 3.4 - 5.2; N = 40) for lumefantrine (LUM). There was no statistical difference in median
acridone 1C5q values between isolates obtained from a clinical trial or from an outpatient
center (data not shown). There was a strong positive correlation between responses to 38 and
39 (Spearman’s rank correlation coefficient = 0.8; p < 0.001.) and also between both
compounds and ATV (correlation coefficient for 38 and ATV = 0.5, p < 0.05; between 39
and ATV = 0.68, p < 0.05). The latter result is likely due to a mutual target, as significant
correlations between other antimalarials and the acridones was not observed.

In Vitro Cytotoxicity.

In vitro general cytotoxicity was tested using human hepatic HepG2 cells.3%-32 There was no
apparent in vitro mammalian cell cytotoxicity with ICgq values for most acridone
compounds above 20 pM (Tables 1-4), indicating favorable therapeutic index (selectivity
index >10000 nM).

In Vitro hERG Channel Inhibition.

The in vitro effect of second-generation acridones on the hERG (human-ether-a-go-go-
related gene) potassium channel current expressed in mammalian cells was evaluated using
an automatic parallel patch clamp system33 (Eurofins Inc.) and the results are listed in Table
7. All of the tested acridones demonstrated hERG inhibition level considerably lower than
CQ with estimated 1C5q values higher than 10 uM, which is a significant improvement
compared to the first-generation acridones with similar or higher inhibition level as CQ.1#

In Vitro Metabolic Stability.

The assessments of in vitro metabolic stability of acridone derivatives using mouse and
human liver microsomes using well-established methods.14 32: 34. 35 Most of the second-
generation acridones appear to be stable for up to 60 min or longer in both human and
mouse microsomes (Table 8), strongly suggesting that the introduction of a variety of aryl
moieties on ring-B of the acridone core significantly increased the metabolic stability.
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Pharmacokinetic (PK) Analysis.

In vivo pharmacokinetic (PK) studies of acridone lead candidates 26 (T111), 87 (T121), 90
(T122), 91 (T124) and 107 (T129) was conducted following a single intragastric (p.0.)
administration in mice at 80 mg/kg, with blood and liver samples taken at the following time
points: 0, 0.5, 1, 2, 4, 7, 24, 48 and 72 h.14.28. 32 The key PK parameters of the acridone lead
candidates in both plasma and liver are summarized in Table 9. Front-runner acridone
compound 26 (T111) showed very rapid absorption and reached a plasma peak
concentration (7,4, at 0.5 h. The mean Cy,,and AUC;,rof 26 in plasma was 17.2 ng.h/mL
and 508 ng.h/mL, respectively. The mean elimination half-life of 26 in plasma was 23.6 h
and the total clearance rate was calculated to be 157510 mL/h/kg. Since liver-stage active
drugs target hepatocytes, the PK profiles in the liver tissue provide important insight into the
liver-stage efficacy and facilitate the lead optimization process. 7,4 for compound 26 in
liver was 7.0 h and the mean Cj;;,and AUC;,rwas 1732 ng/mL and 57122 ng.h/mL,
respectively. The mean elimination half-life of 26 in liver was shown to be 14.0 h and the
total clearance rate was calculated to be 1697 mL/h/kg. The ratio of the liver AUC to the
plasma AUC in animals dosed with 26 was 112, whereas the liver/plasma ratio was only 21
for reference drug primaquine and 50 for the first-generation acridone lead candidate T3114.
Acridone 26 has a half-life that is 4 times longer in plasma and 3 times longer in liver than
that of T3114, further evidence for the improved metabolic stability of second-generation
acridones. The PK data is supportive of the observed liver-stage efficacy, as it is evident that
acridones demonstrating a strong prophylactic effect concentrate in the liver, with high liver/
plasma ratio.

CONCLUSIONS

Building from our first-generation acridone structural optimization, a large library of
second-generation acridones was designed and synthesized and extensive SAR profiling
demonstrated that the replacement of (dialkylamino)alkoxy pendants at both the 6 and 7
positions on ring-B of first-generation acridones with a variety of aryl, aryloxy, arylamino
and benzyloxy moieties led to enhanced antimalarial activity, improved metabolic stability,
PK and safety profiles, as well as diminished cross-resistance with ATV. The lead
optimization strategy of varying the substitutions on ring-A and ring-B produced a new lead
acridone candidate 26 (T111) with the following attributes: 1) inhibition of in vitro £
falciparum blood-stage growth at low concentration against MDR (including AT V-resistant)
parasites with a highly favorable therapeutic index; 2) in vivo curative efficacy via oral
administration in erythrocytic £ yoelif murine model; 3) prevention of in vitro 2. berghei
sporozoite-induced development in human hepatocytes at low nanomolar concentration; 4)
full in vivo protection and cure via oral administration against liver-stage £~ berghei
sporozoite-induced infection in mice; 5) mitigated cardiotoxicity with in vitro hERG
inhibition level considerably lower than CQ and the first-generation acridones; 6) increased
in vitro metabolic stability in both mouse and human liver microsomes; and 7) improved in
vivo PK profiles with rapid absorption, high level drug concentration in the liver, and longer
half-time than the first-generation acridones. Having achieved these promising target product
profiles from the first acridone analogue with hetero-halogen substituents on ring-A
(compound 26), we have launched further structural modifications focusing on hetero-
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halogen containing compounds for the next generation optimization studies and we will
ultimately select a late lead candidate for extensive preclinical development.

True causal prophylactic drugs targeting liver-stage malaria offer many advantages,36-3°
such as preventing the onset of symptoms as malaria associated pathology only occurs
during the blood-stage infection, reducing the likelihood of emergence of drug-resistant
parasites given the low number of hepatic forms, interrupting transmission as it depends on
maturation of gametocytes in the blood-stage, which is after the liver-stage. Most
importantly, only liver-stage active drugs could provide the ability for radical cure to prevent
P, vivaxand R ovale relapses, caused by dormant hypnozoites hibernating in host liver cells
for long periods of time.13: 40. 41 |f a global effort to eradicate malaria is to be successful and
sustainable, then it must address the gaps and weaknesses in the armamentarium of currently
available prevention and treatment therapies. Ongoing needs include affordability, safety in
the most vulnerable patients, low susceptibility to drug resistance adaptations, single-dose
treatment, aptitude to Kill liver-stage parasites with relapses prevention, and ability to block
transmission. The novel chemotype described herein represents a broad-spectrum approach
with the potential to overcome these challenges.

EXPERIMENTAL SECTION

General.

NMR spectra were recorded on the Bruker AMX-400 spectrometer at 400 MHz. NMR
experiments were recorded in CDCl3 and DMSO-djat 25 °C. Chemical shifts are given in
parts per million (ppm) downfield from internal standard Me4Si (TMS). High-resolution
mass spectrometry (HRMS) (electrospray ionization (ESI)) were recorded on a vanquish
UHPLC/HPLC system coupled with high-resolution (35000) Q Exactive Orbitrap mass
spectrometer. The microwave reactions were conducted using Biotage® Initiator+
microwave synthesizer. Unless otherwise stated, all reagents and solvents were purchased
from commercial suppliers and used without further purification. Reactions which required
in anhydrous conditions were carried out under an atmosphere of argon/nitrogen.
Chromatography was executed on Biotag-Isolera and/or Combi F/as/ instruments, using
silica gel (230-400 mesh) and/or neutral alumina as the stationary phase and mixtures of
ethyl acetate (EtOAc) and hexanes or dichloromethane (DCM) and methanol as eluents.
Analytical HPLC analysis was performed on a Supelco Discovery HS C18 column (4.6 mm
x 250 mm) with a linear elution gradient of water/methanol (containing 10 mM ammonium
acetate) ranging from 80:20 to 0:100 for 50 min at flow rate of 0.9 mL/min, at 254 nm. A
purity of > 95% has been established for all tested compounds.

Representative procedure for the synthesis of methyl 2-methoxy-4-(4-
(trifluoromethoxy)phenoxy)benzoate (4a).

Methyl 4-iodo-2-methoxybenzoate (1) (10.0 g, 34.2 mmol), 4-(trifluoromethoxy)phenol (3a)
(6.1g, 34.2 mmol), copper(l) chloride (CuCl) (678 mg, 6.8 mmol), N,A-dimethylglycine
(706 mg, 6.8 mmol), K,CO3 (9.46 g, 68.5 mmol) and 1-methyl-2-pyrrolidone (50 mL) were
placed in a sealed tube with a teflon-lined cap under an argon atmosphere at room
temperature. The reaction mixture was stirred and heated for 4 h at 150 °C. After cooling to
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room temperature, the reaction mixture was added to water (300 mL) and extracted with
ethyl acetate (3 x 100 mL). The combined organic layers were dried over anhydrous
Na,SOy, and the solvent was evaporated under reduced pressure. The crude product was
chromatographed on silica gel, with ethyl acetate/hexanes as eluent, to afford the pure diaryl
ether intermediate 4a (10.7 g, 91%). 1H NMR (CDClI3, 400 MHz) & 7.83 (d, /= 8.6 Hz, 1H),
7.23 (d, /=8.7 Hz, 2H), 7.07 (d, /= 8.7 Hz, 2H), 6.63 (d, /= 1.7 Hz, 1H), 6.50 (dd, /= 8.6,
1.7 Hz, 1H), 3.88 (s, 3H), 3.86 (s, 3H). Diaryl ether intermediates 4b—e were synthesized
and purified in good yields (56-94%) by the same procedure as described for 4a from 1 and
appropriate phenols 3 and their identity was confirmed by GC-MS analysis and carried
forward into the next reaction.

Synthesis of methyl 2-hydroxy-4-(4-(trifluoromethoxy)phenoxy)benzoate (5a).

To a stirred solution of 4a (2.0 g, 5.84 mmol) in anhydrous dichloromethane (DCM) (50
mL) maintained under an argon atmosphere was added dropwise boron trichloride solution
(BCl3) (7.0 mL, 7.01 mmol, 1.0 M in DCM) at =78 °C. Then the reaction mixture was
stirred for 1 h while it was allowed to warm to room temperature. The reaction was
quenched with water (100 mL) and extracted with DCM (2 x 50 mL). The combined organic
layers were washed with brine and dried over anhydrous Na,SO4. The organic solvent was
evaporated under reduced pressure and the product was chromatographed on silica gel, with
ethyl acetate/hexanes as eluent, to afforded the title compound 5a (1.74 g, 91%). 1H NMR
(CDCl3, 400 MHz) & 10.94 (s, 1H), 7.80 (d, /= 8.8 Hz, 1H), 7.24 (d, /= 8.7 Hz, 2H), 7.09
(d, J=8.7 Hz, 2H), 6.51 (dd, /= 8.8, 2.1 Hz, 1H), 6.46 (d, /= 2.1 Hz, 1H), 3.93 (s, 3H).
Compounds 5b—e were synthesized and purified in excellent yields (90-95%) by the same
procedure as described for 5a from 4b—e and their identity was confirmed by GC-MS
analysis and carried forward into the next reaction.

Representative procedure for the synthesis of methyl 4-(4-(trifluoromethoxy)phenoxy)-2-
(((trifluoromethyl)sulfonyl)oxy)benzoate (6a).

To a stirred solution of 5a (1.50 g, 4.57 mmol) and pyridine (5.0 mL) in anhydrous DCM
(25 mL) at 0 °C was added dropwise triflic anhydride (Tf,0) (1.93 g, 6.85 mmol). Then the
reaction mixture was stirred for 5 h while it was allowed to warm to room temperature. The
mixture was poured into ice-cold water (50 mL) and extracted with diethyl ether (2 x 25
mL). The combined organic layers were washed with 2N HCI (2 x 25 mL), brine and dried
over anhydrous Nay,SQOy4. The solvent was evaporated under reduced pressure to afford the
desired product 6a (2.0 g, 95%). The product 6a was carried forward into the next reaction
without further purification. 1H NMR (CDCl3, 400 MHz) & 8.08 (d, /= 8.7 Hz, 1H), 7.29 (d,
J=8.8 Hz, 2H), 7.12 (d, /= 8.8 Hz, 2H), 6.99 (dd, /= 8.7, 2.1 Hz, 1H), 6.86 (d, /= 2.1 Hz,
1H), 3.95 (s, 3H). Compounds 6b—e were synthesized in excellent yields (93-96%) by the
same procedure as described for 6a from 5b—e and their identity was confirmed by GC-MS
analysis and carried forward into the next reaction.
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Representative procedure for the synthesis of methyl 2-((3,4-dichlorophenyl)amino)-4-(4-
(trifluoromethoxy)phenoxy)benzoate (8a).

To a degassed solution of 6a (1.8 g, 3.91 mmol) and 3,4-dichloroaniline (7a) (760 mg, 4.69
mmol) in toluene (50 mL) at room temperature were added palladium(ll) acetate (Pd(OAc),)
(53 mg, 0.23 mmol), XPhos (223 mg, 0.47 mmol) and Cs,CO3 (2.54 g, 7.82 mmol). The
reaction mixture was again degassed and heated at 110 °C for 5 h. After cooling to room
temperature, the mixture was filtered through a pad of Celite and washed with DCM (100
mL). The filtrate was concentrated under reduced pressure and the crude product was
chromatographed on silica gel, with ethyl acetate/hexanes as eluent, to afford the desired
product 8a (1.03 g, 56%). 1H NMR (CDCls, 400 MHz) & 9.66 (s, 1H), 7.95 (d, J= 8.9 Hz,
1H), 7.33 (d, /= 8.6 Hz, 1H), 7.29 (d, J= 2.5 Hz, 1H), 7.23 (d, J= 8.9 Hz, 2H), 7.06 (d, /=
8.9 Hz, 2H), 7.01 (dd, J= 8.6, 2.5 Hz, 1H), 6.75 (d, /= 2.3 Hz, 1H), 6.37 (dd, /= 8.9, 2.3
Hz, 1H), 3.89 (s, 3H). Compounds 8b—q were synthesized and purified in good yields
(52%—-65%) by the same procedure as described for 8a from 6a—e and appropriate anilines 7
and their identity was confirmed by GC-MS analysis and carried forward into the next
reaction.

Synthesis of intermediates 9a—e.

Compounds 9a—e were synthesized and purified in good yields (67-79%) by the same
procedure as described for 8a from methyl 4-bromo-2-methoxybenzoate (2) and appropriate
anilines 7 and their identity was confirmed by GC-MS analysis and carried forward into the
next reaction.

Synthesis of intermediates 10a—e.

Compounds 10a—e were synthesized and purified in excellent yields (90-93%) by the same
procedure as described for 5a from 9a—e and their identity was confirmed by GC-MS
analysis and carried forward into the next reaction.

Synthesis of intermediates 11a—e.

Compounds 11a—e were synthesized in excellent yields (92-95%) by the same procedure as
described for 6a from 10a—e and their identity was confirmed by GC-MS analysis and
carried forward into the next reaction without further purification.

Synthesis of intermediates 12a—j.

Compounds 12a—j were synthesized and purified in good yields (50-65%) by the same
procedure as described for 8a from 11a—e and appropriate anilines 7 and their identity was
confirmed by GC-MS analysis and carried forward into the next reaction.

Representative procedure for the synthesis of methyl 3-methoxy-4’-
(trifluoromethoxy)-[1,1’-biphenyl]-4-carboxylate (14a).
To a degassed stirred solution of 2 (3.0 g, 12.24 mmol) and 4-chlorophenylboronic acid
(13a) (2.86 g, 18.36 mmol) in 10% water/1,4-dioxane (100 mL) were added Pd(PPhs),4 (707
mg, 0.61 mmol) and Na,CO3 (3.89 g, 36.73 mmol). The reaction mixture was stirred for 5 h
at 100 °C and poured onto water (100 mL). The pH of the solution was lowered to pH 7 with
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2 N HCI and extracted with ethyl acetate (3 x 75 mL). The combined organic layers were
washed with water and brine and dried over anhydrous Na,SO,. The solvent was evaporated
under reduced pressure and the product was chromatographed on silica gel, with ethyl
acetate/hexanes as eluent, to afford the pure product 14a (2.53 g, 75%). 1H NMR (CDCls,
400 MHz) 6 7.88 (d, /=8.2 Hz, 1H), 7.13 (d, /= 8.5 Hz, 2H), 7.43 (d, /= 8.5 Hz, 2H), 7.11
(dd, J=8.2, 1.4 Hz, 1H), 7.11 (d, J= 1.4 Hz, 1H), 3.97 (s, 3H), 3.91 (s, 3H). Compounds
14b—d were synthesized and purified in good yields (72-80%) by the same procedure as
described for 14a from 2 and 13b—d and their identity was confirmed by GC-MS analysis
and carried forward into the next reaction.

Synthesis of intermediates 15a—d.

Compounds 15a—d were synthesized and purified in excellent yields (90-94%) by the same
procedure as described for 5a from 14a—d and their identity was confirmed by GC-MS
analysis and carried forward into the next reaction.

Synthesis of intermediates 16a—d.

Compounds 16a—d were synthesized in excellent yields (92-95%) by the same procedure as
described for 6a from 15a—d and their identity was confirmed by GC-MS analysis and
carried forward into the next reaction without further purification.

Synthesis of intermediates 17a—f.

Compounds 17a—f were synthesized and purified in good yields (65-72%) by the same
procedure as described for 8a from 16a—d and appropriate anilines 7 and their identity was
confirmed by GC-MS analysis and carried forward into the next reaction.

Representative procedure for the synthesis of 1,2-dichloro-6-(4-
(trifluoromethoxy)phenoxy)acridin-9(10H)-one (18).

BF3.Et,0 (603 pL, 4.24 mmol) was added to a microwave reaction vial containing 8a (1.0 g,
2.12 mmol). Then the reaction mixture was exposed to microwave irradiation for 1.0 min at
150 °C. After cooling to room temperature, the reaction mixture was poured into water (25
mL) and allowed to stir for 5.0 min. The solid material was filtered by a sintered funnel and
washed with water (50 mL) to afford the mixture of the acridones 18 and 19. The pure
acridones 18 (451 mg, 48%) and 19 (111 mg, 12%) were obtained by recrystallization from
a mixture of ethyl acetate and MeOH and DCM and acetonitrile, respectively.

1,2-Dichloro-6-(4-(trifluoromethoxy)phenoxy)acridin-9(10H)-one (18).

14 NMR (DMSO-dj; 400 MHz) & 11.77 (s, 1H), 8.19 (d, J= 8.9 Hz, 1H), 7.82 (d, /= 9.0
Hz, 1H), 7.52 (d, J= 8.5 Hz, 2H), 7.39 (m, 3H), 7.01 (dd, J= 9.0, 2.3 Hz, 1H), 6.76 (d, J=
2.2 Hz, 1H); HRMS (ESI) calcd for CogH13CloF3NO3 (M + H)* 440.0063, found 440.0059.

2,3-Dichloro-6-(4-(trifluoromethoxy)phenoxy)acridin-9(10H)-one (19).

14 NMR (DMSO-dj; 400 MHz) & 11.80 (d, J= 0.4 Hz, 1H), 8.26 (s, 1H), 8.22 (d, J= 9.0
Hz, 1H), 7.63 (s, 1H), 7.53 (d, J= 8.4 Hz, 2H), 7.39 (d, J= 8.9 Hz, 2H), 7.03 (dd, J= 8.8,
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2.2 Hz, 1H), 6.81 (d, J= 2.1 Hz, 1H); HRMS (ESI) calcd for CogH11CloF3NO3 (M + H)*
440.0063, found 440.0062.

1,3-Dichloro-6-(4-(trifluoromethoxy)phenoxy)acridin-9(10H)-one (20).
1H NMR (DMSO-dj, 400 MHz) & 11.70 (s, 1H), 8.16 (d, /= 9.0 Hz, 1H), 7.53 (d, /= 8.6
Hz, 2H), 7.39-7.35 (m, 3H), 7.28 (s, 1H), 7.00 (dd, /= 8.9, 2.0 Hz, 1H), 6.73 (d, J= 1.9 Hz,
1H); HRMS (ESI) calcd for CygH11Cl,F3NO3 (M + H)* 440.0063, found 440.0060.

3-Chloro-6-(4-(trifluoromethoxy)phenoxy)acridin-9(10H)-one (21).
1H NMR (DMSO-dj, 400 MHz) & 11.70 (s, 1H), 8.24 (d, J= 8.9 Hz, 1H), 8.19 (d, /= 8.7
Hz, 1H), 7.53 (d, J= 8.6 Hz, 2H), 7.44 (d, /= 1.9 Hz, 1H), 7.38 (d, /= 9.0 Hz, 2H), 7.26
(dd, J= 8.6, 2.0 Hz, 1H), 7.02 (dd, J= 8.9, 2.4 Hz, 1H), 6.82 (d, /= 2.3 Hz, 1H); HRMS
(ESI) calcd for CogH1,CIF3NO3 (M + H)* 406.0452, found 406.0450.

1,3-Difluoro-6-(4-(trifluoromethoxy)phenoxy)acridin-9(10H)-one (22).
1H NMR (DMSO-dj, 400 MHz) & 11.77 (s, 1H), 8.19-8.17 (m, 1H), 7.52 (d, J= 8.6 Hz,
2H), 7.37 (d, J=8.9 Hz, 2H), 6.98 (m, 3H), 6.77 (d, /= 1.6 Hz, 1H); HRMS (ESI) calcd for
CyoH11FsNO3 (M + H)* 408.0654, found 408.0649.

6-(4-Chlorophenoxy)-1,3-difluoroacridin-9(10H)-one (23).
1H NMR (DMSO-dj, 400 MHz) & 11.74 (d, J= 0.5 Hz, 1H), 8.16 (d, /= 8.9 Hz, 1H), 7.57
(d, J=7.8 Hz, 2H), 7.29 (d, J= 7.7 Hz, 2H), 6.96 (m, 3H), 6.73 (s, 1H); HRMS (ESI) calcd
for CogH11CIF,NO, (M + H)* 358.0441, found 358.0435.

1-Fluoro-6-(4-(trifluoromethoxy)phenoxy)acridin-9(10H)-one (24).
IH NMR (DMSO-dj, 400 MHz) 6 11.67 (d, /= 0.3 Hz, 1H), 8.19 (d, /= 8.9 Hz, 1H), 7.63
(m, 1H), 7.52 (d, J= 8.6 Hz, 2H), 7.38 (d, J= 9.0 Hz, 2H), 7.21 (dd, J= 8.5, 0.2 Hz, 1H),
6.98 (dd, /=8.9, 2.2 Hz, 1H), 6.92 (dd, J=11.8, 8.0 Hz, 1H), 6.80 (d, J= 2.3 Hz, 1H);
HRMS (ESI) calcd for CogH12F4NO3 (M + H)* 390.0748, found 390.0740.

3-Fluoro-6-(4-(trifluoromethoxy)phenoxy)acridin-9(10H)-one (25).

1H NMR (DMSO0-dj;, 400 MHz) & 11.69 (s, 1H), 8.27-8.22 (m, 2H), 7.52 (d, J= 8.3 Hz,
2H), 7.38 (d, /= 9.1 Hz, 2H), 7.12 (m, 2H), 7.00 (dd, J= 8.9, 2.4 Hz, 1H), 6.82 (d, /=2.3
Hz, 1H); HRMS (ESI) calcd for CogH1oF4sNO3 (M + H)* 390.0748, found 390.0743.

3-Chloro-1-fluoro-6-(4-(trifluoromethoxy)phenoxy)acridin-9(10H)-one (26).

1H NMR (DMSO-dj; 400 MHz) & 11.75 (s, 1H), 8.17 (d, /= 8.9 Hz, 1H), 7.52 (d, J= 8.2
Hz, 2H), 7.38 (d, J= 8.7 Hz, 2H), 7.22 (s, 1H), 7.11 (d, J= 11.2 Hz, 1H), 7.01 (dd, J= 9.1,
1.4 Hz, 1H), 6.77 (d, J= 1.6 Hz, 1H); HRMS (ESI) calcd for CogH11CIF4NO3 (M + H)*
424.0358, found 424.0353.

1-Chloro-3-fluoro-6-(4-(trifluoromethoxy)phenoxy)acridin-9(10H)-one (27).

1H NMR (DMSO-dj, 400 MHz) & 11.72 (s, 1H), 8.17 (d, J= 8.9 Hz, 1H), 7.52 (d, J= 8.5
Hz, 2H), 7.38 (d, J= 8.9 Hz, 2H), 7.18 (dd, J= 8.9, 2.3 Hz, 1H), 7.09 (dd, /= 9.7, 2.1 Hz,
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1H), 6.99 (dd, /=8.9, 2.1 Hz, 1H), 6.74 (d, /= 2.0 Hz, 1H); HRMS (ESI) calcd for
CyoH11CIF4NO3 (M + H)* 424.0358, found 424.0352.

1-Chloro-3-methoxy-6-(4-(trifluoromethoxy)phenoxy)acridin-9(10H)-one (28).

1H NMR (DMSO-dj, 400 MHz) 6 11.52 (s, 1H), 8.15 (d, /= 8.9 Hz, 1H), 7.51 (d, /= 8.3
Hz, 2H), 7.36 (d, /= 9.0 Hz, 2H), 6.94 (dd, /= 8.9, 2.4 Hz, 1H), 6.84 (d, /= 2.4 Hz, 1H),
6.74 (m, 2H), 3.87 (s, 3H); HRMS (ESI) calcd for Cy1H14CIF3NO,4 (M + H)* 436.0558,
found 436.0555.

1-Fluoro-3-methoxy-6-(4-(trifluoromethoxy)phenoxy)acridin-9(10H)-one (29).

1H NMR (DMSO-dj, 400 MHz) & 11.54 (s, 1H), 8.14 (d, /= 8.9 Hz, 1H), 7.51 (d, /= 8.5
Hz, 2H), 7.36 (d, J= 9.0 Hz, 2H), 6.94 (dd, /= 8.9, 2.3 Hz, 1H), 6.76 (d, /= 2.3 Hz, 1H),
6.63-6.59 (m, 2H), 3.86 (s, 3H); HRMS (ESI) calcd for Co1H14F4NO4 (M + H)* 420.0853,
found 420.0847.

6-(4-Chlorophenoxy)-1-fluoro-3-methoxyacridin-9(10H)-one (30).
1H NMR (DMSO-dj, 400 MHz) 6 11.52 (s, 1H), 8.13 (d, /= 8.9 Hz, 1H), 7.56 (d, J= 8.9
Hz, 2H), 7.27 (d, J= 8.9 Hz, 2H), 6.92 (dd, /= 8.9, 2.4 Hz, 1H), 6.73 (d, /= 2.3 Hz, 1H),
6.63-6.58 (m, 2H), 3.86 (s, 3H); HRMS (ESI) calcd for CogH14CIFNO3 (M + H)* 370.0641,
found 370.0635.

3-Chloro-1-methoxy-6-(4-(trifluoromethoxy)phenoxy)acridin-9(10H)-one (31).

14 NMR (DMSO-dj; 400 MHz) & 11.41 (s, 1H), 8.13 (d, J= 8.9 Hz, 1H), 7.51 (d, /= 8.6
Hz, 2H), 7.36 (d, J= 9.0 Hz, 2H), 6.93 (m, 2H), 6.72 (m, 2H), 3.87 (s, 3H); HRMS (ESI)
calcd for Co1H14CIF3NO, (M + H)* 436.0558, found 436.0553.

3-Fluoro-1-methoxy-6-(4-(trifluoromethoxy)phenoxy)acridin-9(10H)-one (32).

14 NMR (DMSO-dj; 400 MHz) & 11.45 (s, 1H), 8.13 (d, J= 8.9 Hz, 1H), 7.50 (d, /= 8.3
Hz, 2H), 7.35 (d, J= 9.1 Hz, 2H), 6.93 (dd, J= 8.9, 2.4 Hz, 1H), 6.74 (d, J= 2.3 Hz, 2H),
6.62 (M, 2H), 3.86 (s, 3H); HRMS (ESI) calcd for Co1H14F4sNO4 (M + H)* 420.0853, found
420.0847.

6-(4-Chlorophenoxy)-3-fluoro-1-methoxyacridin-9(10H)-one (33).
1H NMR (DMSO-dj, 400 MHz) & 11.52 (s, 1H), 8.13 (d, /= 8.9 Hz, 1H), 7.56 (d, /= 8.8
Hz, 2H), 7.27 (d, J= 8.8 Hz, 2H), 6.92 (dd, /= 8.9, 2.1 Hz, 1H), 6.73 (d, /= 2.0 Hz, 1H),
6.63-6.59 (m, 2H), 3.86 (s, 3H); HRMS (ESI) calcd for CogH14CIFNO3 (M + H)* 370.0641,
found 370.0636.

1-Chloro-2-methoxy-6-(4-(trifluoromethoxy)phenoxy)acridin-9(10H)-one (34).
1H NMR (DMSO-dj, 400 MHz) 6 11.51 (s, 1H), 8.18 (d, /= 8.9 Hz, 1H), 7.62 (d, J= 9.2
Hz, 1H), 7.51 (d, J= 8.5 Hz, 2H), 7.38 (m, 3H), 6.94 (dd, /= 8.8, 1.7 Hz, 1H), 6.74 (d, J=
1.9 Hz, 1H), 3.89 (s, 3H); HRMS (ESI) calcd for C51H14CIF3NO,4 (M + H)* 436.0558,
found 436.0553.
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3-Chloro-2-methoxy-6-(4-(trifluoromethoxy)phenoxy)acridin-9(10H)-one (35).

14 NMR (DMSO-dj; 400 MHz) & 11.62 (s, 1H), 8.25 (d, J= 8.9 Hz, 1H), 7.73 (s, 1H), 7.52
(m, 3H), 7.38 (d, J= 9.0 Hz, 2H), 6.99 (dd, /= 8.9, 2.1 Hz, 1H), 6.80 (d, J= 2.0 Hz, 1H),
3.95 (s, 3H); HRMS (ESI) calcd for Cp3H14CIF3NO4 (M + H)* 436.0558, found 436.0554.

1-Methoxy-6-(4-(trifluoromethoxy)phenoxy)acridin-9(10H)-one (36).

14 NMR (DMSO-dj; 400 MHz) & 11.32 (s, 1H), 8.13 (d, /= 8.9 Hz, 1H), 7.54 (d, /= 8.2
Hz, 1H), 7.50 (d, J= 8.4 Hz, 2H), 7.35 (d, J= 9.1 Hz, 2H), 6.92-6.90 (M, 2H), 6.76 (d, J=
2.3 Hz, 1H), 6.68 (dd, J= 8.3, 0.7 Hz, 1H), 3.84 (s, 3H); HRMS (ESI) calcd for
Co1H15F3sNO, (M + H)* 402.0948, found 402.0942.

3-Methoxy-6-(4-(trifluoromethoxy)phenoxy)acridin-9(10H)-one (37).

1H NMR (DMSO-dj, 400 MHz) 6 11.51 (s, 1H), 8.21 (d, /= 8.8 Hz, 1H), 8.11 (d, /= 8.9
Hz, 1H), 7.51 (d, /= 8.4 Hz, 2H), 7.36 (d, /= 8.8 Hz, 2H), 6.94 (dd, /= 8.8, 1.4 Hz, 1H),
6.86-6.79 (m, 3H), 3.87 (s, 3H); HRMS (ESI) calcd for Co1H15F3NO,4 (M + H)* 402.0948,
found 402.0942.

2-Chloro-3-methoxy-6-(4-(trifluoromethoxy)phenoxy)acridin-9(10H)-one (38).

1H NMR (DMSO-dj, 400 MHz) 6 11.68 (s, 1H), 8.20 (d, /= 8.9 Hz, 1H), 8.11 (s, 1H), 7.52
(d, /=8.5Hz, 2H), 7.37-7.35 (m, 2H), 6.97 (dd, J= 8.9, 2.3 Hz, 1H), 6.92 (s, 1H), 6.83 (d, J
= 2.3 Hz, 1H), 3.97 (s, 3H); HRMS (ESI) calcd for Co1H14CIF3NO4 (M + H)* 436.0558,
found 436.0554.

2-Fluoro-3-methoxy-6-(4-(trifluoromethoxy)phenoxy)acridin-9(10H)-one (39).

14 NMR (DMSO-dj; 400 MHz) & 11.67 (s, 1H), 8.20 (d, /= 8.8 Hz, 1H), 7.83 (d, /= 11.7
Hz, 1H), 7.51 (d, J= 8.6 Hz, 2H), 7.36 (d, J= 9.0 Hz, 2H), 6.97 (m, 2H), 6.84 (d, J= 2.2 Hz,
1H), 3.96 (s, 3H); HRMS (ESI) calcd for Cp1H14F4NO,4 (M + H)* 421.0853, found
421.0847.

2-Chloro-3-methoxy-6-(3-(trifluoromethoxy)phenoxy)acridin-9(10H)-one (40).
1H NMR (DMSO-dj, 400 MHz) 6 11.73 (s, 1H), 8.21 (d, /= 8.9 Hz, 1H), 8.12 (s, 1H), 7.63
(t, J= 8.2 Hz, 1H), 7.29 (m, 3H), 6.98 (dd, /= 8.9, 2.2 Hz, 1H), 6.94 (s, 1H), 6.89 (d, /= 2.1
Hz, 1H), 3.98 (s, 3H); HRMS (ESI) calcd for C51H14CIF3NO,4 (M + H)* 436.0558, found
436.0552.

2-Chloro-3-methoxy-6-(2-(trifluoromethoxy)phenoxy)acridin-9(10H)-one (41).

14 NMR (DMSO-dj; 400 MHz) & 11.68 (s, 1H), 8.21 (d, J= 8.9 Hz, 1H), 8.11 (s, 1H),
7.65-7.62 (m, 1H), 7.57-7.53 (m, 1H), 7.45 (m, 2H), 6.95 (dd, J= 8.9, 2.4 Hz, 1H), 6.91 (s,
1H), 6.81 (d, J= 2.4 Hz, 1H), 3.97 (s, 3H); HRMS (ESI) calcd for Co1H14CIFgNO, (M + H)
+ 436.0558, found 436.0553.

2-Chloro-3-methoxy-6-(4-(morpholinomethyl)phenoxy)acridin-9(10H)-one (42).

14 NMR (DMSO-dj; 400 MHz) & 11.66 (s, 1H), 8.18 (d, /= 8.9 Hz, 1H), 8.11 (s, 1H), 7.43
(d, J= 8.4 Hz, 2H), 7.18 (d, /= 8.4 Hz 2H), 6.95-6.92 (M, 2H), 6.79 (d, J= 2.1 Hz, 1H),
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3.96 (s, 3H), 3.60 (t, J= 4.3 Hz, 4H), 3.50 (s, 2H), 2.39 (M, 4H); HRMS (ESI) calcd for
Co5H4CIN,O,4 (M + H)* 451.1419, found 451.1413.

Representative procedure for the synthesis of 1,3-dichloro-6-((4-
(trifluoromethoxy)phenyl)amino)acridin-9(10H)-one (43).

Eaton’s acid (25 mL) was added to a flask containing 12a (500 mg, 1.06 mmol) and the
reaction mixture was then stirred at 90 °C for 5 h. After cooling to room temperature, the
reaction mixture was added slowly to water, allowed to stir for 15 min, then neutralized with
2 N NaOH. The resulting solid material was filtered by a sintered funnel and purified by
column chromatography using ethyl acetate with 10% methanol as a mobile phase to obtain
the pure compound 43 (266 mg, 57%). The acridones 44-52 were synthesized and purified
in good yields (55-62%) by the same procedure as described for 43 from 12b—j.

1,3-Dichloro-6-((4-(trifluoromethoxy)phenyl)amino)acridin-9(10H)-one (43).
1H NMR (DMSO-dj, 400 MHz) & 11.50 (s, 1H), 9.08 (s, 1H), 8.00 (d, J= 8.7 Hz, 1H),
7.39-7.35 (m, 4H), 7.22 (d, /= 1.8 Hz, 1H), 6.93-6.89 (m, 3H); HRMS (ESI) calcd for
CyoH12CIF3No0,4 (M + H)* 439.0222, found 439.0219.

1,3-Difluoro-6-((4-(trifluoromethoxy)phenyl)amino)acridin-9(10H)-one (44).
1H NMR (DMSO-dj, 400 MHz) & 11.54 (s, 1H), 9.06 (s, 1H), 8.00 (d, J= 8.8 Hz, 1H),
7.39-7.34 (m, 4H), 6.96-6.88 (m, 4H); HRMS (ESI) calcd for CogH1oF5N,0, (M + H)*
407.0813, found 407.0807.

6-((4-Chlorophenyl)amino)-1,3-difluoroacridin-9(10H)-one (45).
1H NMR (DMSO-dj, 400 MHz) 6 11.53 (s, 1H), 9.01 (s, 1H), 7.99 (d, /= 8.8 Hz, 1H), 7.41
(d, /=8.5Hz, 2H), 7.28 (d, /= 8.5 Hz, 2H), 6.91 (m, 4H); HRMS (ESI) calcd for
C19H12CIFoN50 (M + H)* 357.0601, found 357.0596.

1-Chloro-3-methoxy-6-((4-(trifluoromethoxy)phenyl)amino)acridin-9(10H)-one (46).
1H NMR (DMSO-dj, 400 MHz) & 8.94 (s, 1H), 7.97 (d, J= 8.8 Hz, 1H), 7.37-7.32 (m, 4H),
6.94 (d, /= 2.0 Hz, 1H), 6.84 (dd, J= 8.8, 2.0 Hz, 1H), 6.75-6.74 (m, 2H), 3.85 (s, 3H);
HRMS (ESI) calcd for Cy1H15CIF3N,03 (M + H)* 435.0718, found 435.0714.

1-Fluoro-3-methoxy-6-((4-(trifluoromethoxy)phenyl)amino)acridin-9(10H)-one (47).
1H NMR (DMSO-dj, 400 MHz) & 11.31 (s, 1H), 8.98 (s, 1H), 7.97 (d, /= 8.8 Hz, 1H),
7.37-7.32 (m, 4H), 6.94 (d, J= 1.2 Hz, 1H), 6.86 (dd, /= 8.7, 1.3 Hz, 1H), 6.60 (d, /= 1.1
Hz, 1H), 6.53 (dd, /= 13.6, 1.9 Hz, 1H), 3.86 (s, 3H); HRMS (ESI) calcd for
Cy1H15F4N503 (M + H)* 419.1013, found 419.1010.

6-((4-Chlorophenyl)amino)-1-fluoro-3-methoxyacridin-9(10H)-one (48).
1H NMR (DMSO-dj;, 400 MHz) & 11.31 (s, 1H), 8.94 (s, 1H), 7.96 (d, /= 8.8 Hz, 1H), 7.40
(d, J=8.8 Hz, 2H), 7.26 (d, /= 8.8 Hz, 2H), 6.92 (d, /= 2.0 Hz, 1H), 6.85 (dd, /=8.8, 2.1
Hz, 1H), 6.60 (d, /= 2.0 Hz, 1H), 6.53 (dd, /= 13.5, 2.3 Hz, 1H), 3.86 (s, 3H); HRMS (ESI)
calcd for CogH15CIFN,O5 (M + H)* 369.0801, found 369.0791.
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2-Fluoro-3-methoxy-6-((4-(trifluoromethoxy)phenyl)amino)acridin-9(10H)-one (49).
1H NMR (DMSO-dj 400 MHz) & 11.41 (s, 1H), 9.00 (s, 1H), 8.03 (d, /= 8.7 Hz, 1H), 7.78
(d, J=11.7 Hz, 1H), 7.36 (m, 4H), 7.01-6.89 (m, 3H), 3.96 (s, 3H); HRMS (ESI) calcd for
C1H15F4N503 (M + H)* 419.1013, found 419.1007.

2-Fluoro-3-methoxy-6-((3-(trifluoromethoxy)phenyl)amino)acridin-9(10H)-one (50).
1H NMR (DMSO-dj, 400 MHz) & 11.44 (s, 1H), 9.13 (s, 1H), 8.05 (d, /= 8.8 Hz, 1H), 7.79
(d, J=11.8 Hz, 1H), 7.47 (d, /= 8.2 Hz, 1H), 7.29 (dd, /= 8.2, 1.3 Hz, 1H), 7.16 (m, 1H),
7.08 (d, /J=2.1 Hz, 1H), 6.99-6.92 (m, 3H), 3.97 (s, 3H); HRMS (ESI) calcd for
Cp1H15F4N,03 (M + H)* 419.1013, found 419.1010.

2-Fluoro-3-methoxy-6-((2-(trifluoromethoxy)phenyl)amino)acridin-9(10H)-one (51).
1H NMR (DMSO-dj, 400 MHz) 6 11.36 (s, 1H), 8.66 (s, 1H), 8.01 (d, /= 8.7 Hz, 1H), 7.78
(d, J=11.5 Hz, 1H), 7.57 (dd, J= 8.0, 1.5 Hz, 1H), 7.48-7.40 (m, 2H), 7.24 (t, J= 7.4 Hz,
1H), 6.95 (d, /= 7.2 Hz, 1H), 6.90 (dd, /= 8.9, 1.6 Hz, 1H), 6.79 (d, /= 1.8 Hz, 1H), 3.95
(s, 3H); HRMS (ESI) calcd for Co1H15F4N2O3 (M + H)* 419.1013, found 419.1005.

2-Chloro-3-methoxy-6-((4-(morpholinomethyl)phenyl)amino)acridin-9(10H)-one (52).
1H NMR (DMSO-dj, 400 MHz) & 11.03 (br s, 1H), 8.43 (br s, 1H), 8.10 (d, /= 2.0 Hz, 1H),
8.01 (dd, /=8.7, 1.7 Hz, 1H), 7.84-7.82 (m, 1H), 7.24-7.16 (m, 3H), 6.91 (s, 1H), 6.82—
6.80 (m, 2H), 3.91 (s, 3H), 3.60 (m, 4H), 3.41 (m, 2H), 2.38 (m, 4H); HRMS (ESI) calcd for
Cy5H25CIN3O3 (M + H)* 450.1579, found 450.1572.

Synthesis of acridones 53-58.

Acridones 53-58 were synthesized and purified in good yields (65-74%) by the same
procedure as described for 18 from 17a-f.

6-(4-Chlorophenyl)-1,3-difluoroacridin-9(10H)-one (53).
IH NMR (DMSO-dj, 400 MHz) 6 11.98 (s, 1H), 8.23 (d, /= 8.4 Hz, 1H), 7.80 (dd, /= 6.6,
1.9 Hz, 2H), 7.66 (d, J= 1.6 Hz, 1H), 7.63-7.57 (m, 3H), 7.09 (d, /= 10.0 Hz, 1H), 7.05-
6.99 (m, 1H); HRMS (ESI) calcd for C1gH11CIF,NO (M + H)* 342.0492, found 342.0501.

1,3-Difluoro-6-(4-(trifluoromethoxy)phenyl)acridin-9(10H)-one (54).
IH NMR (DMSO-dj, 400 MHz) 6 11.99 (s, 1H), 8.25 (d, /= 8.4 Hz, 1H), 7.90 (d, /= 8.6
Hz, 2H), 7.68 (s, 1H),7.60 (d, /= 8.4 Hz, 1H), 7.55 (d, J= 8.4 Hz, 2H), 7.09 (dd, J= 9.7 Hz,
1H), 7.05-7.00 (m, 1H); HRMS (ESI) calcd for CygHq1FsNO, (M + H)* 392.0704, found
392.0713.

1,3-Difluoro-6-phenylacridin-9(10H)-one (55).
1H NMR (DMSO-dj 400 MHz) 6 11.97 (s, 1H), 8.23 (d, /= 8.4 Hz, 1H), 7.78 (d, /= 8.5
Hz, 2H), 7.67 (d, J= 1.5 Hz, 1H), 7.61-7.54 (m, 3H), 7.49 (d, /= 7.3 Hz, 1H), 7.09 (d, J=
10.0 Hz, 1H), 7.04-6.98 (m, 1H); HRMS (ESI) calcd for C1gH12FoNO (M + H)* 308.0881,
found 308.0893.
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6-(4-Chlorophenyl)-1-fluoro-3-methoxyacridin-9(10H)-one (56).
1H NMR (DMSO-dj, 400 MHz) & 11.83 (s, 1H), 8.20 (d, /= 8.4 Hz, 1H), 7.78 (d, /= 7.9
Hz, 2H), 7.64 (s, 1H), 7.61 (d, J= 7.9 Hz, 2H), 7.52 (d, /= 8.4 Hz, 1H), 6.75 (s, 1H), 6.63
(d, J=13.4 Hz, 1H), 3.90 (s, 3H); HRMS (ESI) calcd for CygH14CIFNO, (M + H)*
354.0692, found 354.0685.

1-Fluoro-3-methoxy-6-(4-(trifluoromethoxy)phenyl)acridin-9(10H)-one (57).
1H NMR (DMSO-dj, 400 MHz) 6 11.73 (s, 1H), 8.21 (d, /= 8.4 Hz, 1H), 7.87 (d, /= 8.6
Hz, 2H), 7.62 (s, 1H), 7.54 (m, 3H), 6.72 (s, 1H), 6.63 (dd, J= 13.4, 1.8 Hz, 1H), 3.90 (s,
3H); HRMS (ESI) calcd for Co1H14F4NO3 (M + H)* 404.0904, found 404.0914.

2-Chloro-3-methoxy-6-(4-(morpholinomethyl)phenyl)acridin-9(10H)-one (58).
1H NMR (DMSO-dj, 400 MHz) 6 11.85 (s, 1H), 8.25 (d, /= 8.4 Hz, 1H), 8.15 (s, 1H),
7.74-7.69 (m, 3H), 7.56 (dd, J= 8.4, 1.2 Hz, 1H), 7.48 (d, /= 8.0 Hz, 2H), 7.06 (s, 1H),
4.02 (s, 3H), 3.60 (t, /= 4.6 Hz, 4H), 3.54 (s, 2H), 2.40 (t, /= 4.0 Hz, 4H); HRMS (ESI)
calcd for Co5H24CIN,O3 (M + H)* 435.1470, found 435.1466.

Synthesis of intermediate 61.

Compound 61 was synthesized and purified in good yield (3.35 g, 57%) by the same
procedure as described for 4a from methyl 5-iodo-2-methoxybenzoate (59) and 3a and its
identity was confirmed by GC-MS analysis and carried forward into the next reaction.

Synthesis of intermediate 62.

Compound 62 was synthesized and purified in good yield (2.69 g, 91%) by the same
procedure as described for 5a from 61 and its identity was confirmed by GC-MS analysis
and carried forward into the next reaction.

Synthesis of intermediates 63a—c.

Compounds 63a—c were synthesized and purified in good yields (52-63%) by the same
procedure as described for 8a from methyl 5-bromo-2-hydroxybenzoate (60) and
appropriate anilines 7 and their identity was confirmed by GC-MS analysis and carried
forward into the next reaction.

Synthesis of intermediates 64 and 65a—c.

Compounds 64 and 65a—c were synthesized in excellent yields (93-96%) by the same
procedure as described for 6a from 62 and 63a—c, respectively, and their identity was
confirmed by GC-MS analysis and carried forward into the next reaction without further
purification.

Synthesis of intermediates 66a—c and 67a-i.

Compounds 66a—c and 67a—i were synthesized and purified in good yields (64—71%) by the
same procedure as described for 8a from 64 and 65a—c and their identity was confirmed by
GC-MS analysis and carried forward into the next reaction.
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Synthesis of acridones 68-71.

The acridones 68—71 were synthesized and purified in good yields (57-65%) by the same
procedure as described for 43 from 66a—c.

1,3-Difluoro-7-(4-(trifluoromethoxy)phenoxy)acridin-9(10H)-one (68).

14 NMR (DMSO-dj; 400 MHz) & 12.03 (br s, 1H), 7.64 (d, J= 1.2 Hz, 1H), 7.63 (d, J= 1.2
Hz, 1H), 7.58 (d, J= 2.2 Hz, 1H), 7.42 (d, J= 8.4 Hz, 2H), 7.17 (m, 2H), 7.07-6.97 (m, 2H);
HRMS (ESI) calcd for CogHq1FsNO3 (M + H)* 408.0654, found 408.0665.

1-Fluoro-3-methoxy-7-(4-(trifluoromethoxy)phenoxy)acridin-9(10H)-one (69).

IH NMR (DMSO-dj; 400 MHz) 6 11.80 (s, 1H), 7.63 (d, /= 2.0 Hz, 1H), 7.54 (m, 2H),
7.42 (d, J=8.8 Hz, 2H), 7.16 (d, /=9.0 Hz, 2H), 6.71 (d, J= 1.9 Hz, 1H), 6.62 (dd, J=
13.4, 2.3 Hz, 1H), 3.89 (s, 3H); HRMS (ESI) calcd for Co1H14F4NO,4 (M + H)* 420.0853,
found 420.0847.

3-Fluoro-1-methoxy-7-(4-(trifluoromethoxy)phenoxy)acridin-9(10H)-one (70).

1H NMR (DMSO-dj, 400 MHz) 6 11.67 (s, 1H), 7.62 (m, 1H), 7.50 (m, 2H), 7.41 (d, /= 8.4
Hz, 2H), 7.15 (d, J= 9.1 Hz, 2H), 6.74 (dd, /= 10.2, 2.3 Hz, 1H), 6.61 (dd, /= 11.9, 2.3 Hz,
1H), 3.86 (s, 3H); HRMS (ESI) calcd for Co1H14F4NO,4 (M + H)* 420.0853, found
420.0847.

2-Fluoro-3-methoxy-7-(4-(trifluoromethoxy)phenoxy)acridin-9(10H)-one (71).

1H NMR (DMSO-dj, 400 MHz) 6 11.90 (s, 1H), 7.82 (d, /= 11.7 Hz, 1H), 7.66 (d, /= 2.8
Hz, 1H), 7.60 (m, 1H), 7.56 (m, 1H), 7.41 (d, J= 8.6 Hz, 2H), 7.16 (d, J= 8.6 Hz, 2H), 7.07
(d, J=7.3 Hz, 1H), 3.99 (s, 3H); HRMS (ESI) calcd for Cy1H14F4sNO4 (M + H)* 420.0853,
found 420.0864.

Representative procedure for the synthesis of 1,3-difluoro-7-((4-(trifluoromethoxy)-

phenyl)amino)acridin-9(10H)-one (72).
Polyphosphoric acid (PPA) (5.0 g) was added to a flask containing 67a (500 mg, 1.14 mmol)
and the reaction mixture was then stirred at 110 °C for 2 h. After cooling to room
temperature, water was added slowly to the flask and allowed to stir for 15 min. Then the
reaction mixture was neutralized with 2 N NaOH and the solid material was filtered through
a sintered funnel and washed with water (100 mL) and methanol (10 mL), to obtain the pure
compound 72 (287 mg, 62%). The acridones 73-80 were synthesized and purified in good
yields (60-65%) by the same procedure as described for 72 from 67b—i.

1,3-Difluoro-7-((4-(trifluoromethoxy)phenyl)amino)acridin-9(10H)-one (72).
IH NMR (DMSO-dj, 400 MHz) 6 11.91 (br s, 1H), 8.55 (s, 1H), 7.84 (d, J= 2.3 Hz, 1H),
7.55 (dd, J=8.8, 2.3 Hz, 1H), 7.47 (d, J= 8.8 Hz, 1H), 7.24 (d, J= 8.6 Hz, 2H), 7.13 (d, J=
8.6 Hz, 2H), 7.02 (d, J=10.0 Hz, 1H), 6.93 (m, 1H); HRMS (ESI) calcd for CogH19F5N50,
(M + H)* 407.0813, found 407.0814.
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1,3-Difluoro-7-((3-(trifluoromethoxy)phenyl)amino)acridin-9(10H)-one (73).
IH NMR (DMSO-dj, 400 MHz) 6 11.89 (s, 1H), 8.69 (s, 1H), 7.88 (s, 1H), 7.56 (d, J=7.3
Hz, 1H), 7.49 (d, /= 8.8 Hz, 1H), 7.34 (d, /= 8.1 Hz, 1H), 7.07-6.94 (m, 4H), 6.76 (d, /=
7.6 Hz, 1H); HRMS (ESI) calcd for CogH12FsN2O, (M + H)* 407.0813, found 407.0816.

1,3-Difluoro-7-((2-(trifluoromethoxy)phenyl)amino)acridin-9(10H)-one (74).
1H NMR (DMSO-dj; 400 MHz) & 11.88 (s, 1H), 8.18 (s, 1H), 7.81 (d, J= 2.2 Hz, 1H), 7.57
(m, 1H), 7.46 (d, J= 8.8 Hz, 1H), 7.35 (d, J= 8.2 Hz, 1H), 7.30 (m, 2H), 7.03 (d, J=10.2
Hz, 1H), 6.97 (m, 2H); HRMS (ESI) calcd for CygH1oF5N,0, (M + H)* 407.0813, found
407.0802.

1,3-Dichloro-7-((4-(trifluoromethoxy)phenyl)amino)acridin-9(10H)-one (75).
1H NMR (DMSO-dj, 400 MHz) 6 11.96 (s, 1H), 8.57 (s, 1H), 7.85 (d, /= 1.7 Hz, 1H), 7.53
(d, J=1.9 Hz, 1H), 7.48 (d, /= 8.8 Hz, 2H), 7.25 (m, 3H), 7.14 (d, J= 8.8 Hz, 2H); HRMS
(ESI) calcd for CogH12CloF3N,0, (M + H)* 439.0222, found 439.0225.

1,3-Dichloro-7-((3-(trifluoromethoxy)phenyl)amino)acridin-9(10H)-one (76).
H NMR (DMSO-dj, 400 MHz) 6 11.86 (s, 1H), 8.70 (s, 1H), 7.88 (s, 1H), 7.56 (d, J= 7.2
Hz, 1H), 7.48 (d, J= 7.4 Hz, 2H), 7.34 (d, J= 7.8 Hz, 1H), 7.25 (s, 1H), 7.08 (d, /= 7.2 Hz,
1H), 6.94 (s, 1H), 6.76 (d, J= 6.4 Hz, 1H); HRMS (ESI) calcd for CygH12CloF3N20, (M +
H)* 439.0222, found 439.0226.

2-Fluoro-3-methoxy-7-((4-(trifluoromethoxy)phenyl)amino)acridin-9(10H)-one (77).
1H NMR (DMSO-dj, 400 MHz) & 11.81 (s, 1H), 8.49 (br s, 1H), 7.87 (d, /= 1.8 Hz, 1H),
7.82 (d, J=11.8 Hz, 1H), 7.52 (m, 2H), 7.23 (d, J= 8.6 Hz, 2H), 7.12 (m, 2H), 7.07 (m,
1H), 3.98 (s, 3H); HRMS (ESI) calcd for Co;H15F4N203 (M + H)* 419.1013, found
419.1015.

2-Fluoro-3-methoxy-7-((3-(trifluoromethoxy)phenyl)amino)acridin-9(10H)-one (78).
1H NMR (DMSO-dj, 400 MHz) & 11.78 (s, 1H), 8.64 (s, 1H), 7.91 (s, 1H), 7.82 (d, /=11.8
Hz, 1H), 7.53 (m, 2H), 7.34 (d, J= 8.1 Hz, 1H), 7.05 (d, J= 7.4 Hz, 2H), 6.92 (s, 1H), 6.73
(d, J=7.8 Hz, 1H), 3.99 (s, 3H); HRMS (ESI) calcd for Cy1Hq5F4N,03 (M + H)* 419.1013,
found 419.1016.

2-Chloro-3-methoxy-7-((4-(trifluoromethoxy)phenyl)amino)acridin-9(10H)-one (79).
1H NMR (DMSO-dj, 400 MHz) 6 8.49 (s, 1H), 8.11 (s, 1H), 7.88 (s, 1H), 7.51 (s, 2H), 7.23
(d, /=8.6 Hz, 2H), 7.11 (d, /= 8.6 Hz, 2H), 7.04 (s, 1H), 3.98 (s, 3H); HRMS (ESI) calcd
for Cy1H15CIF3N2O3 (M + H)+ 435.0718, found 435.0720.

2-Chloro-3-methoxy-7-((3-(trifluoromethoxy)phenyl)amino)acridin-9(10H)-one (80).
1H NMR (DMSO-dj, 400 MHz) 6 11.80 (s, 1H), 8.65 (s, 1H), 8.12 (s, 1H), 7.91 (d, J= 1.6
Hz, 1H), 7.54 (m, 2H), 7.34 (d, J= 8.2 Hz, 1H), 7.05 (d, /= 8.2 Hz, 2H), 7.02 (s, 1H), 6.92
(s, 1H), 6.74 (d, J= 7.8 Hz, 1H), 3.99 (s, 3H); HRMS (ESI) calcd for C»1H15CIF3N,0O3 (M
+ H)* 435.0718, found 435.0720.
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Synthesis of methyl 4-methoxy-2-(((trifluoromethyl)sulfonyl)oxy)benzoate (82).

Compound 82 was synthesized in excellent yield (16.56 g, 96%) by the same procedure as
described for 6a from methyl 2-hydroxy-4-methoxybenzoate (81) and its identity was
confirmed by GC-MS analysis and carried forward into the next reaction without further
purification.

Synthesis of compounds 83a-c.

Compounds 83a—c were synthesized and purified in good yields (65-75%) by the same
procedure as described for 8a from 82 and appropriate anilines 7 and their identity was
confirmed by GC-MS analysis and carried forward into the next reaction.

Synthesis of acridone intermediates (84a—c).

Compounds 84a—c were synthesized and purified in good yields (93-95%) by the same
procedure as described for 18 from 83a—c and carried forward into the next reaction.

Representative procedure for the synthesis of 1,3-difluoro-6-hydroxyacridin-9(10H)-one

(85a).

To a stirred solution of 84a (3.0 g, 11.49 mmol) in 75 mL of 57% hydriodic acid (HI) at
room temperature was added phenol (17.3 g, 183.9 mmol), and the reaction mixture was
stirred at reflux for 3 h. After cooling to room temperature, water was added slowly to the
flask and the resulting solid was filtered. Trituration with acetone and water yielded the title
compound 85a (2.58 g, 91%). Compounds 85b and 85c were synthesized in excellent yields
87% and 90%, respectively, by the same procedure as described for 85a, and carried forward
into the next reaction.

Representative procedure for the synthesis of 1,3-difluoro-6-((4-
(trifluoromethoxy)benzyl)oxy)acridin-9(10H)-one (86).

To a stirred solution of 85a (200 mg, 0.80 mmol) in anhydrous acetone (100 mL) at room
temperature were added K,COs3 (1.67 ¢, 12.14 mmol) and benzyl bromide (152 mg, 0.89
mmol), and the reaction mixture was stirred at reflux for 3 h. The hot reaction mixture was
then filtered and the solvent was removed by rotary evaporation. The obtained product was
washed with methanol (25 mL), to afford the title compound 86 (202 mg, 74%). Acridones
87-93 were synthesized and purified in excellent yields (80-86%) by the same procedure as
described for 86.

6-(Benzyloxy)-1,3-difluoroacridin-9(10H)-one (86).

1H NMR (DMSO-dj, 400 MHz) 6 11.77 (br s, 1H), 8.07 (d, /= 8.9 Hz, 1H), 7.50 (d, J= 7.2
Hz, 2H), 7.43 (d, /= 7.2 Hz, 2H), 7.37 (d, /= 7.0 Hz, 1H), 7.10 (d, /= 10.9 Hz, 1H), 6.96
(d, /= 6.8 Hz, 2H), 6.89 (s, 1H), 5.25 (s, 2H); HRMS (ESI) calcd for CygH14FoNO, (M +
H)* 338.0987, found 338.0999.
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1,3-Difluoro-6-((4-(trifluoromethoxy)benzyl)oxy)acridin-9(10H)-one (87).

14 NMR (DMSO-dj; 400 MHz) & 11.77 (br s, 1H), 8.08 (d, /= 8.9 Hz, 1H), 7.64 (d, /= 8.4
Hz, 2H), 7.43 (d, J= 8.4 Hz, 2H), 7.02-6.93 (m, 3H), 6.88 (d, /= 2.0 Hz, 1H), 5.29 (s, 2H);
HRMS (ESI) calcd for Co1H13FsNO3 (M + H)* 422.0810, found 422.0815.

1,3-Difluoro-6-((4-((trifluoromethyl)thio)benzyl)oxy)acridin-9(10H)-one (88).

14 NMR (DMSO-dj; 400 MHz) & 11.80 (br s, 1H), 8.09 (d, /= 8.9 Hz, 1H), 7.79 (d, /= 8.2
Hz, 2H), 7.66 (d, J= 8.2 Hz, 2H), 7.07-6.96 (m, 3H), 6.89 (d, J= 2.3 Hz, 1H), 5.36 (s, 2H);
HRMS (ESI) calcd for Cp1H13FsNO,S (M + H)* 438.0582, found 438.0596.

1,3-Difluoro-6-((4-(trifluoromethyl)benzyl)oxy)acridin-9(10H)-one (89).

14 NMR (DMSO-dj; 400 MHz) & 11.78 (br s, 1H), 8.09 (d, /= 8.9 Hz, 1H), 7.81 (d, /= 8.2
Hz, 2H), 7.72 (d, J= 8.2 Hz, 2H), 7.02-6.95 (m, 3H), 6.88 (d, /= 2.0 Hz, 1H), 5.39 (s, 2H);
HRMS (ESI) calcd for Co1H13FsNO, (M + H)* 406.0861, found 406.0870.

1,3-Difluoro-6-((3-(trifluoromethoxy)benzyl)oxy)acridin-9(10H)-one (90).

14 NMR (DMSO-dj; 400 MHz) & 11.78 (br s, 1H), 8.08 (d, /= 8.9 Hz, 1H), 7.60-7.53 (m,
2H), 7.50 (s, 1H), 7.37 (d, J= 7.5 Hz, 1H), 7.02-6.93 (m, 3H), 6.88 (d, J= 2.0 Hz, 1H), 5.32
(s, 2H); HRMS (ESI) calcd for Cy;H13FsNO3 (M + H)* 422.0810, found 422.0818.

1,3-Difluoro-6-((3-(trifluoromethyl)benzyl)oxy)acridin-9(10H)-one (91).

1H NMR (DMSO-dj 400 MHz) & 11.79 (br s, 1H), 8.09 (d, J= 8.9 Hz, 1H), 7.87 (s, 1H),
7.82 (d, J=7.6 Hz, 1H), 7.75 (d, J= 7.7 Hz, 1H), 7.69 (d, J= 7.6 Hz, 1H), 7.02-6.93 (m,
3H), 6.90 (d, /= 2.0 Hz, 1H), 5.36 (s, 2H); HRMS (ESI) calcd for Co1H13FsNO;, (M + H)*
406.0861, found 406.0874.

1,3-Difluoro-6-((2-(trifluoromethyl)benzyl)oxy)acridin-9(10H)-one (92).

1H NMR (DMSO-dj; 400 MHz) & 11.80 (br s, 1H), 8.10 (d, J= 8.9 Hz, 1H), 7.84 (d, J= 8.3
Hz, 1H), 8.81 (s, 1H), 7.76 (d, J= 7.4 Hz, 1H), 7.62 (d, J= 7.6 Hz, 1H), 7.02-6.93 (m, 3H),
6.89 (d, /= 2.3 Hz, 1H), 5.39 (s, 2H); HRMS (ESI) calcd for Cp3H13FsNO, (M + H)*
406.0861, found 406.0873.

1,2-Dichloro-6-((4-chlorobenzyl)oxy)acridin-9(10H)-one (93).

14 NMR (DMSO-dj;, 400 MHz) & 11.80 (s, 1H), 8.11 (d, J= 9.0 Hz, 1H), 7.83 (d, /= 9.0
Hz, 1H), 7.50 (m, 5H), 6.97 (dd, J= 9.0, 1.3 Hz, 1H), 6.89 (s, 1H), 5.27 (s, 2H); HRMS
(ESI) calcd for CooH13CIsNO, (M + H)* 404.0006, found 404.0010.

Synthesis of intermediates 95a and 95b.

Compounds 95a and 95b were synthesized and purified in good yields (6.82 g, 67% and
6.88 g, 71%, respectively), by the same procedure as described for 86 from methyl 2,4-
dihydroxybenzoate (94) and appropriate benzyl bromides, and their identity was confirmed
by GC-MS analysis and carried forward into the next reaction.
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Synthesis of intermediates 96a and 96b.

Compounds 96a and 96b were synthesized and purified in excellent yields (6.37 g, 92% and
6.32 g, 90%) by the same procedure as described for 6a from 95a and 95b, respectively, and
their identity was confirmed by GC-MS analysis and carried forward into the next reaction.

Synthesis of intermediates 97a—d.

Compounds 97a—d were synthesized and purified in good yields (59-67%) by the same
procedure as described for 8a from 96a and 96b, and appropriate anilines 7 and their
identity was confirmed by GC-MS analysis and carried forward into the next reaction.

Synthesis of acridones 99-102.

The acridones 99-102 were synthesized (9—-50%) by the same procedure as described for 18
from 97a—d. The 6-hydroxy acridones 98a and 98b were also isolated as minor products
(23-48%). These two products were separated by column chromatography using a mixture
of DCM and MeOH as a mobile phase. Upon treatment with appropriate benzyl bromides
and K,COg, 6-hydroxy acridones 98a and 98b furnished the acridones 99-102 in excellent
yields (76-81%).

2-Chloro-3-methoxy-6-((4-(trifluoromethoxy)benzyl)oxy)acridin-9(10H)-one (99).
1H NMR (DMSO-dj;, 400 MHz) & 11.67 (s, 1H), 8.13-8.10 (m, 2H), 7.65 (d, J= 8.7 Hz,
2H), 7.44-7.42 (m, 2H), 6.99 (s, 1H), 6.95 (dd, /= 8.9, 2.3 Hz, 1H), 6.92 (d, J= 2.3 Hz,
1H), 5.30 (s, 2H), 3.99 (s, 3H); HRMS (ESI) calcd for CyoH16CIF3NO,4 (M + H)* 450.0714,
found 450.0715.

2-Chloro-3-methoxy-6-((4-(trifluoromethyl)benzyl)oxy)acridin-9(10H)-one (100).
1H NMR (DMSO-dj, 400 MHz) & 11.66 (s, 1H), 8.13-8.10 (m, 2H), 7.80 (d, /= 7.9 Hz,
2H), 7.73 (d, J=7.7 Hz, 2H), 6.99-6.91 (m, 3H), 5.39 (s, 2H), 3.98 (s, 3H); HRMS (ESI)
calcd for Cy,H16CIF3NO3 (M + H)* 434.0766, found 434.0769.

2-Fluoro-3-methoxy-6-((4-(trifluoromethoxy)benzyl)oxy)acridin-9(10H)-one (101).
1H NMR (DMSO-dj, 400 MHz) 6 11.63 (s, 1H), 8.11 (d, /= 8.8 Hz, 1H), 7.81 (d, /= 11.8
Hz, 1H), 7.65 (d, /= 8.6 Hz, 2H), 7.43 (d, J=8.2 Hz, 2H), 7.03 (d, /= 7.2 Hz, 1H), 6.96—
6.92 (m, 2H), 5.30 (s, 2H), 3.98 (s, 3H); HRMS (ESI) calcd for CooH1gF4NO4 (M + H)*
434.1010, found 434.1011.

2-Fluoro-3-methoxy-6-((4-(trifluoromethyl)benzyl)oxy)acridin-9(10H)-one (102).

14 NMR (DMSO-dj; 400 MHz) & 11.63 (s, 1H), 8.12 (d, /= 8.8 Hz, 1H), 7.83-7.80 (m,
3H), 7.73 (d, J= 8.0 Hz, 2H), 7.03 (d, J= 7.1 Hz, 1H), 6.97 (d, J= 9.1 Hz, 1H), 6.91 (s, 1H),
5.39 (s, 2H), 3.98 (s, 3H); HRMS (ESI) calcd for CooH1gF4NO3 (M + H)* 418.1061, found
418.1064.

Synthesis of methyl 2-((3,5-difluorophenyl)amino)-5-methoxybenzoate (104).

Compound 104 was synthesized and purified in good yield (2.46 g, 68%) by the same
procedure as described for 8a from methyl 2-bromo-5-methoxybenzoate (103), and 3,5-
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difluoro aniline (7d) and its identity was confirmed by GC-MS analysis and carried forward
into the next reaction.

Synthesis of 1,3-difluoro-7-methoxyacridin-9(10H)-one (105).

Compound 105 was synthesized and purified in good yield (1.25 g, 70%) by the same
procedure as described for 43 from 104 and carried forward into the next reaction.

Synthesis of 1,3-difluoro-7-hydroxyacridin-9(10H)-one (106).

Compound 106 was synthesized and purified in excellent yield (987 mg, 87%) by the same
procedure as described for 85a from 105 and carried forward into the next reaction.

Synthesis of acridones 107-109.

The acridones 107-109 were synthesized in excellent yield (81-84%) by the same
procedure as described for 86 from 106 and appropriate benzyl bromides.

1,3-Difluoro-7-((4-(trifluoromethoxy)benzyl)oxy)acridin-9(10H)-one (107).
1H NMR (DMSO-dj, 400 MHz) & 11.91 (br s, 1H), 7.65-7.63 (m, 3H), 7.49-7.42 (m, 4H),
7.04-6.96 (m, 2H), 5.24 (s, 2H); HRMS (ESI) calcd for Cp1H13F5NO3 (M + H)* 422.0810,
found 422.0822.

1,3-Difluoro-7-((4-(trifluoromethyl)benzyl)oxy)acridin-9(10H)-one (108).
1H NMR (DMSO-dj, 400 MHz) & 11.89 (br s, 1H), 7.79 (d, J= 8.3 Hz, 2H), 7.12 (d, /= 8.3
Hz, 2H), 7.66 (d, /= 1.8 Hz, 1H), 7.50 (m, 2H), 7.03 (d, /= 10.3 Hz, 1H), 6.99-6.93 (m,
1H), 5.33 (s, 2H); HRMS (ESI) calcd for Co1H13FsNO, (M + H)* 406.0861, found
406.0873.

7-((4-Chlorobenzyl)oxy)-1,3-difluoroacridin-9(10H)-one (109).

14 NMR (DMSO-dj; 400 MHz) & 11.90 (s, 1H), 7.65 (s, 1H), 7.54-7.48 (m, 6H), 7.04 (d, J
=10.1 Hz, 1H), 6.96 (t, /= 10.6 Hz, 1H), 5.21 (s, 2H); HRMS (ESI) calcd for
CaoH13CIF,NO, (M + H)* 372.0597, found 372.0595.

Biological Experiments.

Culture Conditions.

P, falciparum strains D6, Dd2, 7G8, and TM90-C2B were cultured in human erythrocytes at
2% hematocrit in RPMI 1640 containing 0.5% Albumax, 45 pg/L hypoxanthine, and 50
Hg/L gentamicin, as previously described.20: 42

In Vitro Blood-Stage Antimalarial Activity.

In vitro antimalarial activity was determined by the Malaria SYBR Green I-based
Fluorescence (MSF) assay described previously with minor modifications.29 Acridones were
evaluated for antiplasmodial activity with CQ and ATV as controls. Experiments were set up
in triplicate in 96-well plates with a total 100 L total volume per well with 2% hematocrit,
0.2% parasitemia, and drug dilutions in complete culture medium described above. Initial
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drug dilutions were set between 2.5 and 2500 nM and subsequently adjusted to either a
lower or higher range in order to achieve the most accurate 1Cgq values. The plates were
incubated at 37 °C in low-oxygen conditions described previously for 72 h, at which point
100 pL of fluorescent dye-detergent mixture (0.2 L SYBR Green I: 1 mL lysis buffer) was
added and the plates incubated in the dark at room temperature for one hour. After
incubation with the fluorescent dye, a 96-well plate reader with excitation wavelength set at
497 nm, and emission at 520 nm was used to measure fluorescence of each well.
Fluorescence readings were plotted as a function of drug concentration, and the I1Csq values
(50% inhibitory concentrations) for each compound were calculated by nonlinear regression
analysis (GraphPad Prism software) using calculated drug concentration that gave 50%
reduction in fluorescence compared to drug-free controls.

In Vitro Liver-Stage Antimalarial Activity.

In vitro liver-stage activity of each new acridone was assessed utilizing luciferase-expressing
P, berghei sporozoite infected HepG2 hepatocyte cellsl4 23. 24 (a hepatoma cell line that
allows higher rates of sporozoites invasion and full development of P berghei). Briefly,
luciferase-expressing 2. berghei (ANKA-676m1cll) sporozoites were extracted from
salivary glands of infected Anopheles stephensi mosquitoes. HepG2-Al6 cells were
cultivated and seeded in 96-well plates and grown for 24 h then 10000 sporozoites were
incubated with the HepG2 cells for 3 h; after which, the wells were washed with media to
remove non-invaded sporozoites. Drug solutions then were added and plates were placed a
5% CO> incubator at 37 °C and for 45 h. Luciferin was added and the plates were incubated
for 30 min; after which, luciferase activity was determined in a luminometer. The ICgq
values (50% inhibitory concentrations) for each compound were calculated by nonlinear
regression analysis (GraphPad Prism software).

In Vivo Blood-Stage Efficacy in a Rodent Malaria Model.

In vivo antimalarial blood-stage efficacy was determined using a well-established modified
Thompson 4-day suppression rodent model against 2 yoelii1# 21.22 A 4- to 5-week-old
female CF1 mice (Charles River Laboratories) were infected intravenously with 2.5 x 10° P
yoelii (Kenya strain, MR4 MRA-428) parasitized erythrocytes from a donor animal. Drug
administration commenced the day after the animals were inoculated (day 1). The test
compounds were dissolved in PEG-400 and administered by oral gavage once daily for four
successive days; CQ phosphate was used as a positive control. Blood for blood film analysis
and body weights were obtained on the day following the last dose and then at weekly
intervals through day 28. Blood films were Giemsa stained and examined microscopically to
determine the levels of parasitemia. These blood samples were collected from the tail vein
with the aid of a syringe-needle. All mice were observed daily to assess their clinical signs,
which were recorded. Animals with observable parasitemia following the experiment were
euthanized; animals cleared of parasites from their bloodstream were observed daily with
assessment of parasitemia performed weekly until day 28 at which point we score the
animal(s) are scored as cured of infection and then euthanized. All treated mice with a
negative smear on day 28 were considered cured (100% protection). ED5g and EDgg values
(mg/kg/day) were derived graphically from the dose required to reduce parasite burden by
50% and 90%, respectively, relative to drug-free controls.
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Animals and Ethic Statement at Portland VA Medical Center (PVAMC).

In vivo blood-stage testing was carried out at PVAMC, and the procedures were conducted
under protocols approved by PVAMC Institutional Animal Care and Use Committee
(Protocol number 3147). Research was conducted in an AAALAC accredited facility in
compliance with the Animal Welfare Act and other federal statutes and regulations relating
to animals and experiments involving animals and adheres to principles stated in the Guide
for the Care and Use of Laboratory Animals, NRC Publication, 2011 edition.

In Vivo Liver-Stage Efficacy in a Rodent Malaria Model.

Real-time in vivo imaging system (1VIS) was used to determine the in vivo liver-stage
antimalarial efficacy of selected acridone candidates.14 25-27 |uciferase-expressing 2
berghei sporozoites were extracted from salivary glands of A. stephensi mosquitoes.
C57BL/6 male albino mice were infected 7 v. in the tail vein with 10000 sporozoites on day
0. Drugs were administered orally on days —1, 0, +1. All drug solutions were prepared fresh
before drug administration by dissolving the needed quantity of drug in cold (4 °C) 0.5%
(w/v) hydroxyethyl cellulose and 0.2% (v/v) Tween-80 (0.5% HECT) or PEG400. If needed,
drugs were ground using a ProScientific 300D homogenizer and the particle size was
measured using a Horiba LA-950V2 particle size analyzer. Formulations of acridones were
prepared in PEG 400 and administered orally (PO) at 1.0 or 4.0 or 10 or 40 mg/kg on days
-1, 0, and 1. A vehicle control (PEG 400) group was included as a negative control in all
studies. Positive control consisted of three doses of 4-methyl-primaquine which was
dissolved in 0.5% HECT and was given at 5 mg/kg on days -1, 0, and 1 post-infections. All
dosing solutions were given based on mice body weight measured on the day before
infection took place. 2 berghei parasite load in the liver and blood (approximately at 24 and
48 and 72 h post-animal infections) was assessed using an IVIS Spectrum instrument. Mice
were injected IP with 150 L D-luciferin solution (Gold Biotechnology, St. Louis, MO) at a
concentration of 200 mg/kg body weight. Three min after luciferin injection, the mice were
placed in the induction chamber and anesthetized. As soon as the mice were asleep, they
were transferred in the IVIS chamber and positioned ventral side down on the heated
platform with their noses positioned inside the nose cones. The IVIS camera exposure times
were 1 and 5 min for the 24, 48, and 72 h time points with a large binning setting and a f-
stop = 1. The IVIS Living Image software (version 4.0) was used to quantitate the
bioluminescence in photons per second observed from the liver region or whole animal
surface area respectively, for the liver-stage and blood-stage efficacy studies. Starting at 6
days after infection, all mice were assessed for blood-stage parasitemia which was
quantitated using flow cytometry conducted using a FC500 MPL flow cytometer (Beckman
Coulter, Fullerton, CA). The green photomultiplier tube and filter setting were used in these
studies (520-555 nm filter settings for the green PMT and greater than 580 nm settings for
the red PMT). Infected erythrocytes, uninfected erythrocytes, and leukocytes were gated on
logarithmic forward/side dot plots. The method of FCM sample preparation has been
previously described previously.43 In brief, a small 3 L sample of blood was obtained from
the tails of all mice. The blood was transferred into 0.3 mL of 1% heparinized isotonic
buffer (PBS saline). 1 mM of 0.04% of glutaraldehyde was added to fix each sample, and
samples were incubated for 60 min at 4 °C followed by centrifugation at 450 g for 5 min.
The supernatant was removed by aspiration, and the cells were re-suspended in 0.5 mL PBS
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buffer supplemented with 0.25% (v/v) Triton X-100 for 10-min incubation at room
temperature. After centrifugation, the permeabilized cells were re-suspended in 0.5 mL of
RNAase at 1 mg/mL concentrations and incubated for at least 2 h at 37 °C to ensure
complete digestion of reticulocytes which are at high concentrations due to anemia
associated with P bergheri infection. 20 uL of YOYO-1 dye at a concentration of 2500
ng/mL was added to the 0.5 mL sample volume to create a final dye concentration of 100
ng/mL of YOYO-1. Parasitemia was monitored for up to 31 days post-infections. Blood
samples for parasitemia determination were taken every week or prior to euthanizing the
animals sick with malaria that were being removed from the study. Mice that tested negative
for parasitemia on day 31 post-infection were considered cured. The minimum curative dose
(ED100) in 100% of animals dosed was defined as the lowest dose which cured all animals
for the entire 31-day follow-up period.

Animals and Ethic Statement at Walter Reed Army Institute of Research (WRAIR).

Male C57BL/6 Albino mice aged 6 weeks old (Charles River) were used in this study. The
mice were left to acclimatize for 7 days prior to the beginning of research studies. All mice
were assigned a study number with an individual ear tag. Cards attached to each mouse cage
were also used to identify the study groups. All animals were quarantined for stabilization
for 7 days prior to infection. Mice were housed in a designated room with food and water
supplied ad libitum and a 12:12 light:dark cycle.

The animal protocol for this study was approved by the Walter Reed Army Institute of
Research, Institutional Animal Care and Use Committee (Protocol number 18-ET-12) in
accordance with national and Department of Defense guidelines. Research was conducted in
an AAALAC accredited facility in compliance with the Animal Welfare Act and other
federal statutes and regulations relating to animals and experiments involving animals and
adheres to principles stated in the Guide for the Care and Use of Laboratory Animals, NRC
Publication, 2011 edition.

Ex Vivo Antimalarial Activity against Clinical Isolates in Uganda.

The activity of 38, 39 and the standard antimalarials CQ, PIP, DHA, ATV and LUM
(standard antimalarials from Medicines for Malaria Venture, Geneva, Switzerland) were
tested, as previously described, against 2 falciparum isolates using a 72 h growth inhibition
assay with parasite DNA readout by SYBR Green detection.20: 2% These isolates were
collected in May to July 2016, from two sources in the Tororo District of Uganda. First,
children and adults presenting at the Tororo District Hospital outpatient clinic with malaria
(temperature of = 37.5°C axillary or history of fever in the previous 24 h and a positive
Giemsa-stained blood smear for 2. falciparum) and without signs of severe disease were
enrolled after informed consent. Second, children enrolled in a clinical trial (registered at
ClinicalTrials.gov [NCT02163447]) comparing monthly versus every 3-month intermittent
therapy with DHA-PIP to prevent malaria provided samples if they presented to the study
clinic with uncomplicated malaria, defined as above.2® The relevant clinical trials and
analyses of cultured parasites were approved by the Uganda National Council of Science
and Technology, the Makerere University Research and Ethics Committee, and the
University of California, San Francisco Committee on Human Research. Comparison of
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median acridone ICsgq values obtained from patients between sites was performed using a
Mann-Whitney U test. Correlations between the acridones and with other standard
antimalarials were assessed with a Spearman’s rank correlation coefficient. All tests were
two-tailed and p-values <0.05 considered statistically significant.

In Vitro Cytotoxicity Assessment.

To identify toxicity to mammalian cells, an MTT assay using hepatic HepG2 cells was
employed.30-32 Human hepatocarcinoma cells (HepG2) were cultured in complete Minimal
Essential Medium (Gibco-Invitrogen, No.11090-099) prepared by supplementing MEM
with 0.19% sodium bicarbonate (Gibco-BRL No. 25080-094), 10% heat inactivated FBS
(Gibco-Invitrogen No. 16000-036), 2 mM L-glutamine (Gibco-Invitrogen No. 25030-081),
0.1 mM MEM nonessential amino acids (Gibco- Invitrogen No. 11140-050), 0.009 mg/mL
insulin (Sigma No. 11882), 1.76 mg/mL bovine serum albumin (Sigma No. A1470). Cells
viability were assessed using trypan blue. Ninety-six-well plates were seeded with 2.5 x 10%
cells in 170 pL of culture medium per well and incubate at 37 °C overnight in a humidified
5% CO» atmosphere. Drug plates were prepared with a Biomek 4000 automated laboratory
station and 96 well plates containing 11 duplicate 1.6-fold serial dilutions of each test
compound suspended in DMSO. A 30 L sample of diluted test compound was then added
to 170 pL of media per well. Cells were exposed to drug concentrations ranging from 10
ug/mL to 0.15 ug/mL for 48 h. After incubation, 30 pL of a 1.5 mg/mL solution of MTT
diluted in complete MEM media was added to each well, all plates were subsequently
incubated in the dark for 1 h at room temperature. Next, the media and drugs in each well
were removed and plates were then left to dry in a hood for 15 min. 60 uL of acidified
isopropyl alcohol was added to dissolve the formazan dye crystals created by the reduction
of MTT. Plates were placed on a 3-D rotator for 15-30 min. Absorbance was determined
with the Perkin Elmer EnSight plate reader. All experiments were run in duplicates and the
fifty-percent inhibitory concentrations (ICsq’s) were determined using GraphPad Prism
software using the nonlinear regression equation (sigmoidal dose-response, variable slope).

In Vitro hERG Channel Inhibition.

The measurement of hERG channel inhibitory activity of the test compounds was performed
by Eurofins Inc. Basic principles and operation of the lonWorks platform have been
described by Schroeder et a/.33

In Vitro Metabolic Profile.

The half-life of lead acridones in mouse and human liver microsomes were determined as
described previously.14: 32 34,35 Al samples were tested in human and mouse liver
microsomal preparations. Sample stocks at 10 or 20 uM (depending on solubility) in DMSO
were diluted to a final concentration of 1 pM with a mixture containing 0.5 mg/mL of
prewarmed pooled human or mouse liver microsomes (BD Gentest), 1.3 pM NADP (Sigma),
3.3 UM MgCl, (Sigma), and 0.1 M pH 7.4 PBS using a TECAN Genesis robaotic liquid
handler. The reaction was started with the addition of 1U/mL glucose-6-phosphate
dehydrogenase (G6PD). The mixture was incubated on a shaking platform at 37 °C, and
aliquots were taken and quenched with the addition of an equal volume of cold acetonitrile
at 0, 10, 20, 30, and 60 min. Samples were centrifuged at 3700 rpm for 10 min at 20 °C to
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remove debris. Sample quantification was carried out by LC/MS, and metabolic half-life
was calculated by log plots of the total ion chromatograph area remaining.

In Vivo Pharmacokinetic (PK) Studies.

PK studies were conducted using the previously established methods.14 28. 32 Male 7-week-
old ICR mice weighing from 23 to 28 g (Charles River Laboratories. Inc. Raleigh, NC) were
used for the PK evaluations. On arrival, the animals were acclimated for 7 days in
quarantine. The animals were housed in a cage maintained in a room with a temperature
range of 64-79 °F, 34-68% relative humidity and a 12-h light/dark cycle. Food and water
were provided ad libitum during quarantine and throughout the study. The animals were fed
a standard rodent maintenance diet. All animal studies were performed under IACUC-
approved protocols. These protocols detail the experimental procedures and designs as well
as the number of animals that were used. All animal use, care, and handling were performed
in accordance with the current “Guide for the Care and Use of Laboratory Animals” (81"
Edition, 2011). PK studies were performed using intragastric (IG) administration. For each
time point to be acquired, three male ICR mice per time-point were dosed at single p.o.
dosing of 80 mg/kg. The drug vehicle was DD water, administered at 100 uL/20 g. At each
time point, blood and plasma samples were collected. Whole blood was collected by cardiac
puncture. Blood samples were collected in lithium heparin tubes. Following the separation
of appropriate aliquots, plasma was obtained from the whole blood via centrifugation. Liver
tissues were isolated. All liquid and tissue samples were immediately preserved on dry ice
and later stored at =80 °C until analytical work was performed. Drug concentrations were
generated for each sample taken from animals dosed with test compounds. A measured
plasma or liver drug concentration vs. time curve was produced, in graphic and tabular form,
for each subject on both linear/linear and log/linear scales, for the parent compound. Mean
plasma drug concentration vs. time curves were also prepared separately. Maximum plasma
concentration (Cp4), and time to maximum concentration (Z,4,) Were obtained from the
plasma drug concentration—time curves. The elimination half-life (#;,) was calculated from
(In 2)/kel, which is the elimination rate constant calculated from the log concentration—time
plot. The area under the curve (AUC) was determined by the linear trapezoidal rule with
extrapolation to infinity based on the concentration of the last time point divided by the
terminal rate constant. Mean residence time (MRT) was determined by dividing the area
under the first moment curve (AUMC) by AUC. The volume of the central compartment
(V2) and volume of the tissue compartment (Vz/F) were calculated as the product of CL and
MRT.
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Refer to Web version on PubMed Central for supplementary material.

ACKNOWLEDGMENT

This project was supported by NIH/NIAID (award 1R01A1093784) and DOD/PRMRP (award PR160693/
W81XWH-17-2-0041). Material has been reviewed by the Walter Reed Army Institute of Research (WRAIR).
There is no objection to its presentation and/or publication. The opinions or assertions contained herein are the
private views of the author, and are not to be construed as official, or as reflecting true views of the Department of
the Army or the Department of Defense. Research was conducted in AAALAC accredited facilities in compliance

J Med Chem. Author manuscript; available in PMC 2020 July 12.



1duosnue Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Kancharla et al.

Page 33

with the Animal Welfare Act and other federal statutes and regulations relating to animals and experiments
involving animals and adheres to principles stated in the Guide for the Care and Use of Laboratory Animals, NRC

Publication.
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o alkyl
A X N
F §_! | o alkyl
Cl = N =
H 4 H 5 O-CH,-Ar
First-generation Second-generation
Figure 1.

Transition from first-generation acridones to the second-generation acridones.
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Figure 2.
Bioluminescent and real-time in vivo imaging (IVIS) of parasite load in mice with and

without acridone treatment. Mice were inoculated with 10000 luciferase-expressing P,
berghei sporozoite intravenously (7.v.) on day 0 and oral doses of acridones were
administered on day -1, day 0, and day 1. The bioluminescent level represents the parasite
burden over the body surface area at 24, 48, and 72 h time points.
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Figure 3.

Ex vivo activity of acridones and control antimalarial drugs against 2. falciparum clinical
isolates in Uganda. Data are presented as geometric means + 95% CI. CQ: chloroquine; PIP:
piperaquine; DHA: dihydroartemisinin; ATV: atovaquone; LUM: lumefantrine.

J Med Chem. Author manuscript; available in PMC 2020 July 12.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Kancharla et al. Page 40

o) o
MeO + MeO 7 N i i MeO 7N o
] U R
MeO I HO MeO X HO X
3a: R!= 4-OCF3; 3b: R = 4-Cl 4a-e: X=0 5a-e: X =0
3c: R' = 3-OCFy; 3d: R' = 2-OCF; 9a-e: X = NH 10a-e: X = NH
3e:R'=4- 7w
O
i
o 7m-g_]
o
Meo)Jj©\ g MeO
MeO Br Rz_f\/ | “ Rt
2 S P 7a-l
N X TfO
H iv
8a-q: X=0

B(OH), 6a-e:X=0

12a-j: X = NH .
13a: R~ Gl i v orvi 11a-e: X = NH
it 13b: R' = OCF;
13c:R'=H
R1

13d: R'= *On R®
R (}’ r, 2
o RP(
MeO O
MeO O 18-42: X = O; R, R2, R® = Various substitutions 53-58
R!

R1

148 43-52: X = NH; R', R2, R® = Various substitutions ~ R', R?, R® = Various substitutions
a-

i
l o
R3 MeO
-
MeO O i O 7dIThITK ReL ] O
HO XN
H
15a-d R 16a-d R 17af R’

NH, NH, NH, NH,
cl” i F~ t “F ©\F C,/©\F
7d
NH,

cl 7a 7e 7
NH, NH, NH,
cl” i “OMe i i i “OMe i OMe
79 OMe 7 7j Cl 7k F 7
HoN OCF, HoN HoN H2N ’/\O
[;L [ j I j [ :] N
OCF; CF;0 cl 7
m 70 7P q

2Reagents and conditions: (i) K,COj3, CuCl, N,N-dimethylglycine, 1-methyl-2-pyrrolidone, MS 4A°, 150 °C, 4 h; (ii) BCl3, DCM, -78 °C-
1t, 1 h; (i) Tf,0, pyridine, DCM, 0 °C-rt, 5 h; (iv) Pd(OAc),, XPhos, Cs,COs, toluene, 110 °C, 5 h; (v) BF3.0Ety, mw, 150 °C, 1.0 min;
(vi) Eaton's acid, 90 °C, 5 h; (vii) Pd(PPhs),, Na,CO3, dioxane/H,0 (9:1), 100 °C, 5 h.

Scheme 1.
Synthesis of Acridones (18-58) with Aryloxy, Arylamino and Aryl Groups at the 6 Position

of Ring-B2
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0 o) o)
I OCF o) Br
MeO N % MeO MeO
e
MeO HO MeO OCF; HO
59 3a 61 . 60

ii N ;
ii | JR
HoN
iv
MeO X 2 , € MeO X 2 7m: R' = 4-OCF3
TR “ TR 7n: R' = 3-OCF3
TfO HO 70: R' = 2-OCF;
64: X=0 62:X=0
65a-c: X = NH 63a-c: X = NH
7 | iii
MeO o m
3 Me RS
[ 5
RZ2— | ARt R2~ ‘ ELPY
N P v or vi ™ P
66a-c: X = O 68-71: X = O; R', R%, R® = Various substitutions
67a-i: X = NH 72-80: X = NH; R', R2, R® = Various substitutions

@Reagents and conditions: (i) K,COz, CuCl, N,N-dimethylglycine, 1-methyl-2-pyrrolidone, MS 4A°, 150 °C, 4 h; (ii) BCls,

DCM, -78 °C-rt, 1 h; (iii) Pd(OAc),, XPhos, Cs,COs, toluene, 110 °C, 5 h; (iv) Tf,0, pyridine, DCM, 0 °C-rt, 5 h; (v)

Eaton's acid, 90 °C, 5 h; (vi) PPA, 110 °C, 2 h.

Scheme 2.
Synthesis of Acridones (68—80) with Aryloxy and Arylamino Groups at the 7 Position of

Ring-B2
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R1
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R R2=F, CI Ré ” OH Ré N OMe
R3=H, OCF;, CF3, SCF3, Cl 85a-c 84a-c
)D\ */@ o J]@L
1
95a: R' = OCF4 96ab
95b: R'= CF,
o) 7,ii
L0
MeO N (o)
H
R R’
VT . 99-102
@ DL
MeO Horad
98a-b

R'=OCF,, CF3; R2=F, Cl

o) fo) F o
oM 7 oM i OMe
Br ! HN F N
103 104 105
F F l iv
107: R'= OCF3 OH
108: R'= CF3 -

109: R' =

2Reagents and conditions: (i) Tf,O, pyridine, DCM, 0 °C-rt, 5 h; (ii) Pd(OAc),, XPhos, Cs,CO3, toluene, 110 °C, 5 h;
(iii) BF3.OEt;, mw, 150 °C, 1.0 min; (iv) HI, phenol, reflux, 3 h; (v) appropriate benzyl bromide, K,CO3, acetone,
reflux, 3 h; (vi) Eaton's acid, 90 °C, 5 h.

Scheme 3.
Synthesis of Acridones (86—93, 99-102 and 107-109) with Benzyloxy Groups at the 6

Position (Top and Middle Panel) and the 7 Position (Bottom Panel) of the Ring-B?2
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Table 1.

In Vitro Blood-Stage Antiplasmodial Activity and Selectivity of Acridones (18-42)

Page 43

Cl Rt 1 8
’
l\ AN = I 4 5
N O/\/\ N ,C4Hg > N 0 . '
H ' R4 H 2
C4Hg 5
blood-stage 1Cs, (nM)a cytotoxicity  selectivity
A a index
vs. P falciparum 1C50 (NM) V.
compd R!? R? R3 vs. HepG2
Tm90- HepG2 1C<,/D6
D6 Dd2 7G8 C2B Cells I-r(’gso
T31 - - - 0.022 0.041 0.43 228 >54510 >2477727
18 1-Cl 2-Cl 4’-OCF3 3.2 6.8 14 1053 10992 3435
19 2-Cl 3-Cl 4’-OCF3 21 7.7 14 16 >34418 >1639
20 1-Cl 3-Cl 4’-0OCF3 0.52 0.88 1.2 23 >34418 >66188
21 H 3-Cl 4’-OCF3 2.6 2.4 14 142 >37340 >14361
22 1-F 3-F 4’-OCF3 0.0047 0.0030 0.0073 3.2 >245700 >52276595
23 1-F 3-F 4’-Cl 0.010 0.28 0.68 73 >27953 >2795300
24 1-F H 4’-0OCF3 0.24 0.06 0.43 12 196 816
25 H 3-F 4’-OCF3 3.2 4.8 2.2 20 9432 2947
26 1-F 3-Cl 4’-OCF3 0.028 0.045 0.042 5.6 >35754 >1276928
27 1-Cl 3-F 4’-0OCF3 0.050 0.18 0.28 31 798 15960
28 1-Cl 3O-Me 4’-OCF3 5.0 2.9 10 18 >34763 >6953
29 1-F 3O-Me 4’-0OCF3 0.65 0.31 16 21 755 1161
30 1-F gMe 4’-Cl 0.51 0.39 2.8 47 548 1074
31 (l)-Me 3-Cl 4’-OCF3 28 22 79 28 >34768 >1242
2 Sy 3F  4-0CK 54 2 63 80 25903 480
33 gMe 3-F 4’-Cl 18 15 82 150 22462 1248
34 1-Cl (2)-Me 4’-OCF3 17 24 51 151 >34767 >2045
35 ZO'ME 3-CI 4-OCF3 157 221 410 137 >34767 >221
36 (lZJ_Me H 4’-0OCF3 40 57 72 52 >100000 >2500
37 H 30-Me 4’-OCF3 0.33 0.25 13 1.0 >37751 >114397
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Cl 11 8
'
|\ AN =z |4 5
N S S (ke 2NN e %
H : RZ4 H 5 2’
C4Hg
blood-stage 1Cs, (nM)a cytotoxmltg seliicc}:e\;lty
vs. P. falciparum 1Cs0 (NM) vs.
compd R! R? R? vs. HepG?2
Tm90- HepG2 ICs,/D6
D6 Dd2 7G8 CoB Cells |50050
38 2cCl 3O'Me 4’-OCF4 0.37 0.83 161 0.58 >34767 >93965
39 2F ?C‘)'Me 4’-0CF; 13 12 21 17 27908 21468
40 2l 30-Me 3'-0OCF3 25 18 28 24 >34767 >13907
41 2-F 3O-Me 2’-0CF3 0.042 0.066 0.076 0.031 14838 353286
42 2l g'Me - /—"N O 069 076 15 0.85 >33600 >48696
cQ - - - 15 163 171 208 37577 2505
ATV - - - 0.10 0.10 0.20 8256 23160 231600

aIC50 values are the average of at least three determinations, each carried out in triplicate (+10%). CQ: chloroquine; ATV: atovaquone; D6: P,
falciparum CQ sensitive strain; Dd2: MDR £ falciparum strain with Old World genetic background; 7G8: MDR £ falciparum strain with New
World genetic background; Tm90-C2B: MDR P~ falciparum clinical isolate, ATV resistant.
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Table 2.
In Vitro Blood-Stage Antiplasmodial Activity and Selectivity of Acridones (43-58)
11 8 11 8
| A RS A
Vs NS '
R%2 N 5 H 2 R°4 H 5
blood-stage 1Cs (nM)a cytotoxwlt;/ selit;cég;lty
vs. P. falciparum ICs (NM) VS,
compd R! R? R3 vs. HepG?2
Tm90- HepG2 1C5/D6
D6 Dd2 7G8 C2B Cells ISCO
50
43 é‘l 3-Cl  4-OCF; 0.55 12 4.6 71 10365 18845
4  1-F 3-F  4-OCFs 0.20 0.12 073 35 5779 28895
45 1-F 3-F 4l 0.0060 0020 0016 30 3036 506000
- 3 ,
% ome 47OCF 14 26 51 47 >34846 >2489
47 1F %‘Me 4’-OCF 0049 012 0.60 23 >10000 >204081
48  1F %‘Me 4-Cl 0.0070  0.0030 0.0055 2.9 3010 430000
3- ,
49 2-F Gye 4-OCFs 1.8 2.0 4.0 33 >36216 >20120
50 2F & 3"-OCF; 0.81 15 22 5.4 >36216 >44711
OMe
3- .
51 2F gye 27OCF: 1.2 24 5.4 28 >36216 >30180
2_ 3_ - O
52 & oMe ‘.‘{b—' N 5.7 9.2 9.2 5.7 30722 5390
53 1F 3F I 22 35 59 138 27266 12393
54 1-F 3F  OCF 0.54 0.75 21 19 >25556 >47326
5 1-F 3F H 0.60 13 17 117 31972 53287
3-
5  1F gye C 13 3.0 3.2 22 >28266 >21743
3-
57 1F gue OCFs 1.8 19 75 2.0 22223 12346
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AR N
| A | A
4 S A

R4 H 5
43-52 53-58

R4 H 5
R3

blood-stage I1Cs (nM)a cytotoxicity  selectivity

a index
vs. P falciparum 1Cs (NM) Vs,
compd R! R? RS vs. HepG2
Tm90- HepG2 1C+ /D6
D6 Dd2 768 (oD Cells o
s 2 > j— 35 6.7 15 2.1 25614 7318
Cl OMe ' ' ’
CcQ - - - 15 163 171 208 37577 2505
ATV - - - 0.10 0.10 0.20 8256 23160 231600

a L . - .
IC50 values are the average of at least three determinations, each carried out in triplicate (+10%). CQ: chloroquine; ATV: atovaquone; D6: P,

falciparum CQ sensitive strain; Dd2: MDR P, falciparum strain with Old World genetic background; 7G8: MDR A, falcijparum strain with New
World genetic background; Tm90-C2B: MDR A, falciparum clinical isolate, ATV resistant.
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In Vitro Blood-Stage Antiplasmodial Activity and Selectivity of Acridones (68—80)

8

2’
O

Table 3.

Page 47

8 H

N N o
| A 7R3 | A 7R3
R4 N s 4 H 5
68-71 72-80
compd R R? R3 blood-stage 1Csy (nM)a cytotoxicit;/ 1Cs selecti\(/ig index
vs. P. falciparum (n\ll\éll) HepG2
D6 Dd2 7G8 Tm90-C2B HepG2 Cells IC50/D6 1Cs0

68 1-F 3-F 4’-OCF3 0.12 3.3 4.1 20 >37199 >309992
69 1-F 3-OMe 4’-0OCF3 0.69 13 13 9.8 >36131 >52364
70 1-OMe 3-F 4’-OCF3 17 17 35 157 >36131 >2125
71 2-F 3-OMe 4’-0OCF3 99 164 130 187 >100000 >1010
72 1-F 3-F 4’-OCF3 58 16 41 92 >37289 >643
73 1-F 3-F 3’-OCF3 29 17 32 41 >37289 >1286
74 1-F 3-F 2’-0OCF3 0.048 0.047 0.73 23 18673 389021
75 1-Cl 3-Cl 4’-OCF3 385 1402 1733 748 >34495 >89
76 1-Cl 3-Cl 3’-OCF3 1474 1690 750 3017 >34495 >23
77 2-F 3-OMe 4’-0OCF3 45 91 156 139 >36216 >805
78 2-F 3-OMe 3’-0OCF3 100 145 286 130 >36216 >362
79 2-Cl 3-OMe 4’-0OCF3 82 83 166 78 >34846 >425
80 2-Cl 3-OMe 3’-OCF3 78 56 141 55 >34846 >447

CQ - - - 15 163 171 208 37577 2505

ATV - - - 0.10 0.10 0.20 8256 23160 231600

aIC5o values are the average of at least three determinations, each carried out in triplicate (¥10%). CQ: chloroquine; ATV: atovaquone; D6: AP,
falciparum CQ sensitive strain; Dd2: MDR P, falciparum strain with Old World genetic background; 7G8: MDR A falcijparum strain with New
World genetic background; Tm90-C2B: MDR £, falcjparum clinical isolate, ATV resistant.
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Table 4.
In Vitro Blood-Stage Antiplasmodial Activity and Selectivity of Acridones (86-93, 99-102 and 107-109)

4!
O 72
R N O
ﬂ/A/ > ﬂ A 2
N 0 X R{ N
4 H 5

R4 H 5 | 2R3

/ 41
86-93 and 99-102 107-109
compd R! R2 RS blood-stage 1Cs, (nM)a cytotoxicit;/ 1Csq selecti\cg index
vs. P. falciparum (n\l/\él.) |CH/%)¢§3|ZC
D6 Dd2 7G8 Tm90-C2B HepG2 Cells 50 50
86 1-F 3-F H 0.031 0.046 0.54 45 >29644 >956258
87 1-F 3-F 4’-OCF; 0.0040 0.0065 0.020 7.2 >23735 >5933750
88 1-F 3-F 4’-SCF4 0.013 0.078 0.16 3.8 772 59384
89 1-F 3-F 4’-CF3 0.042 0.063 0.045 8.0 15617 371833
90 1-F 3-F 3’-0OCF3 0.054 0.17 0.070 25 >23735 >439537
91 1-F 3-F 3’-CF3 0.084 0.21 0.13 15 >24672 >293714
92 1-F 3-F 2’-CF3 0.0030 0.0040 0.0063 4.3 >24672 >8224000
93 1-ClI 2-Cl 4’-Cl 0.033 0.038 0.28 21 >24711 >748818
99 2-Cl 3-OMe 4’-OCF; 0.19 0.14 0.17 0.27 >22232 >117010
100 2-Cl 3-OMe 4’-CF3 0.08 0.14 0.45 0.43 >23052 >288150
101 2-F 3-OMe 4’-0OCF3 15 1.9 2.9 2.8 >100000 >66667
102 2-F 3-OMe 4’-CF3 3.2 3.2 7.1 10.5 >100000 >31250
107 1-F 3-F 4’-OCF; 0.17 0.42 0.25 65 >23735 >139618
108 1-F 3-F 4’-CF3 0.41 0.60 0.48 189 >24672 >60175
109 1-F 3-F 4’-Cl 0.069 0.19 24 235 >26898 >389826
CQ - - - 15 163 171 208 37577 2505
ATV - - - 0.10 0.10 0.20 8256 23160 231600

aIC50 values are the average of at least three determinations, each carried out in triplicate (+10%). CQ: chloroquine; ATV: atovaquone; D6: AP,

falciparum CQ sensitive strain; Dd2: MDR A falciparum strain with Old World genetic background; 7G8: MDR P~ falciparum strain with New
World genetic background; Tm90-C2B: MDR A, falciparum clinical isolate, ATV resistant.
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Table 5.

In Vivo Blood-Stage Antimalarial Efficacy against 2 yoeliiin Mice

blood-stage efficacy vs. P. yodlii (4 days)

compd EDsq (mg/kg/d) EDgy (mg/kg/d)
T31 1.0 16
187 052 0.82
19 1.8 1.9
21 45 6.8
20? 18 36
206d 0.18 0.32
23 5.0 9.8
24 055 0.86
25 37 6.3
26¢ 0.045 0.098
270 2.1 7.2
28 >30 >30
298¢ 0.28 0.32
30 36 12
31 >30 >30
32 23 >30
33 5.4 8.9
34 28 75
35 >30 >30
36 >30 >30
37 1.8 14
38 0.75 39
39 13 73
40 0.16 36
41 >30 >30
42 >30 >30
43 0.23 9.8
44 0.23 0.79
45 0.96 22
46 >30 >30
47 11 23
48 4.1 74
49 37 6.7
50 6.8 >30
51 6.1 >30
52 >30 >30
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blood-stage efficacy vs. P. yodlii (4 days)

compd EDs, (mg/kg/d) EDgo (mg/kg/d)
53 10 19
54 27 >30
55 15 28
56 17 32
57 9.2 14.7
58 8.9 16
68 1.6 1.8
69 0.30 1.0
70 >30 >30
73 4.6 6.6
74 3.9 5.8
7 5.4 6.9
86 7.2 18
87 0.34 0.42
88’ 0.36 0.45
89 0.28 7.7
90 0.17 0.63
91 0.15 0.56
92 0.38 0.47
93 8.0 15
99 6.1 12
100 2.8 13
101 >10 >10
102 >10 >10
107 0.15 15
108 <5.0 <5.0
109 9.5 16
CcQ 15 33

acurative at 5 mg/kg/d;

bcurative at 30 mg/kg/d;

ccurative at 10 mg/kg/d;

dcurative at 3.0 mg/kg/d.
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In Vitro Liver-Stage Antimalarial Activity and In Vivo Liver-Stage Antimalarial Efficacy of Acridones.

in vitro vs. P. berghei

Table 6.

in vivo vs. P. berghei (IVIS)

compd Ic (nM)a b c d
50 dose (mg/kg/d) clearance rate at 48 h~  cured mice on day 31
1 76% 0/5
4 99% 5/5
T31 0.50
10 100% 5/5
40 100% 5/5
18 5.9 - - -
19 66 40 55% 0/5
20 37 - - -
21 66 - - -
1 88% 0/5
4 96% 0/5
22 1.6
10 99% 1/5
40 100% 3/5
23 7.4 40 60% 0/5
24 0.46 - - -
25 36 - - -
1 97% 1/5
4 100% 5/5
26 45
10 100% 5/5
40 100% 5/5
27 32 40 64% 0/5
28 41 - - -
10 15% 0/5
29 0.45
40 99% 0/5
30 14 40 63% 0/5
31 73 - - -
32 59 - - -
33 824 - - -
34 5.6 - - -
35 126 - - -
37 190 40 71% 0/5
10 40% 0/5
38 2.2
40 29% 0/5
10 45% 0/5
39 4.4
40 86% 0/5
40 0.41 40 98% 0/5
41 0.60 40 0% 0/5
42 7.4 - - -
43 6.8 1 0% 0/5
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compd

in vitro vs. P. berghei

in vivo vs. P. berghei (IVIS)

ICso (nM)a dose (mg/kg/d)b clearance rate at 48 h°  cured mice on day 31d
4 12% 0/5
10 0% 0/5
1 0% 0/5
44 2.4 4 95% 0/5
10 71% 0/5
45 86 40 23% 0/5
46 66 - - -
48 47 - - -
49 86 - - -
50 109 - - -
51 69 - - -
52 48 - - -
53 816 - - -
54 84 - - -
55 1334 - - -
56 327 - - -
57 52 - - -
58 26 - - -
68 15 40 100% 4/5
69 15 40 99% 3/5
70 159 40 0% 0/5
72 2461 - - -
73 1219 - - -
74 5.9 - - -
75 1429 - - -
76 2277 - - -
77 164 - - -
78 1411 - - -
79 98 - - -
80 418 - - -
86 8.0 - - -
10 95% 0/5
87 0.64
40 100% 3/5
88 1.7 40 81% 0/5
89 7.5 40 67% 0/5
4 99% 4/5
90 0.51 10 100 5/5
40 100% 5/5
o 012 10 100% 1/5
40 100% 5/5
92 0.20 40 56% 0/5
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in vitro vs. P. berghei

compd

in vivo vs. P. berghei (IVIS)

a
1Cs0 (M) dose (mg/kg/d)b clearance rate at 48 h®  cured mice on day 31d
93 17 40 6% 0/5
100 113 - - -
10 100% 1/5
107 0.70
40 100% 5/5
108 8.2 40 10% 0/5
109 29 40 50% 0/5
ATV 6.5 - - -
PQ 13800 5 100% 5/5
CQ > 31262 - - -

a A~ . -
1C50 values are the average of at least three determinations, each carried out in triplicate (£10%).

boral doses of drugs were administered on day — 1, day 0, and day 1 with inoculation of sporozoites on day 0.

Page 53

the clearance rate was calculated by the ratio of the mean luminescence signal intensity collected by IVIS in drug treated mice over vehicle-only

control mice.

the blood parasitemia was measured by flow cytometry up to 31 days after inoculation and the cure was determined with negative parasitemia on

day 31.

ATV: atovaquone; PQ: primaquine; CQ: chloroquine.
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Table 7.

In Vitro Cardiotoxicity of Second-Generation Acridones

compd hERG (% inhibition at 10 pM)
T31 57
18 13
19 13
20 23
21 28
22 17
24 24
25 18
26 5.7
27 23
28 16
29 15
31 14
32 13
34 16
35 13
37 22
38 14
39 17
40 14
41 9.2
42 22
43 15
44 20
46 23
49 15
50 22
51 17
52 31
58 21
68 25
69 9.9
70 15
72 17
73 15
75 12
76 13
77 13
78 12
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compd hERG (% inhibition at 10 pM)

79 24
80 10
CQ 39
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Table 8.

In Vitro Metabolic Stability of Second-Generation Acridones

metabolic stability vs. microsomes (ty, in min)

compd
human mouse

T31 12 21
18 >60 >60
19 >60 >60
20 54 >60
21 13 19
22 >60 >60
23 >60 >60
25 >60 27
26 >60 50
27 28 17
28 >60 >60
29 >60 50
30 >60 >60
31 >60 >60
32 6.8 9.9
33 >60 >60
34 >60 >60
35 >60 >60
37 24 16
38 >60 >60
39 >60 >60
40 >60 >60
41 37 56
42 11 11
43 >60 >60
44 >60 >60
45 >60 >60
46 >60 >60
48 46 24
49 >60 >60
50 >60 >60
51 >60 >60
52 7.4 6.8
53 >60 60
54 >60 60
55 >60 60
56 >60 >60
57 >60 60
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metabolic stability vs. microsomes (ty, in min)

compd
human mouse
58 22 27
68 >60 >60
69 >60 >60
70 39 >60
72 >60 23
73 >60 >60
74 >60 >60
75 >60 >60
76 >60 >60
77 >60 >60
78 >60 >60
79 >60 >60
80 >60 >60
86 >60 >60
87 >60 >60
88 28 >60
89 >60 >60
90 >60 >60
91 >60 >60
92 >60 >60
93 >60 >60
107 >60 >60
108 >60 >60
109 >60 >60
CcQ >60 >60
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Table 9.

Page 58

PK Parameters of Acridone Lead Candidates in Plasma and Liver Following Single Oral Dose of 80 mg/kg
Administrations in Mice

. Coax AUChs  AUCps  tp CLIF VzIF MRT b
Toax (0 as
compd  matrix oy Tma® o bmy) (ngmL)  (h)  (mlhkg)  (mLkg)  (h)
plasma  17.2 0.50 392 508 236 157510 5370641 17.6
26 (T111)
liver 1732 7.0 46232 57122 140 1697 34167 199
plasma  42.0 2.0 105 518 870 154543 1940321 7.20
87(T121)
liver 1193 40 20416 20494 6.00 3903 33802 100
plasma 215 1.0 225 236 490 339065 2402651 10.18
90 (T122)
liver 1967 0.50 19188 19271 610 4151 36779 7.60
plasma  19.5 1.0 175 187 590 428286 3648089 6.20
91 (T124)
liver 925 1.0 11485 11570 6.80 6914 67596  8.30
plasma 170 0.5 1680 1705 430 46906 290091  5.70
107 (T129)
liver 684 20 8547 8674 400 9223 53720  5.80
plasma 531 0.50 1256 1314 184 16415 43801  2.30
Primaquine
liver 8148 0.50 27450 27665 427 724 4418 450

Cmax: maximum plasma or hepatic concentration; Tmax: time to Cmax; AUX|ast: area under the concentration-time curve from 0 up to the last
sampling time at which a quantifiable concentration is found; AUCjnf: area under the concentration-time curve from 0 up to infinity; t1/2: apparent
elimination half-life; CL/F: apparent oral clearance; Vz/F: apparent volume of distribution after oral dose; MRT b: mean residence time, body.
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