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Series of bisquinolines 4—15 and bispyrrolo[1,2a]quinoxalines 16—20 containing various polyamine
linkers were synthesized. The aqueous solubility and distribution coefficient were experimentally
determined. The compounds were screened for antimalarial activity alongside chloroquine against D10
and Dd2 strains of Plasmodium falciparum The growth inhibitory effects of biscompounds 4—9 were
assessed against various cancer cell lines, The aquecus solubility was found to increase with an increase
in potential proton.ation sites. Bisquinolines 8 and 9 featuring triethylenetetramine and N,N-bis(3-
aminopropyljethylene-diamine linkers, respectively, were the most active of all synthesized
compounds. They were found as potent as chloroguine against D10 but significantly more potent against
the Dd2 strain, with good selectivity towards parasitic cells. Compound 4 containing a diethylenetri-
amine bridge displayed the most important anticancer activity of the series, and was a more effective
antiproliferative inhibitor than etoposide against all three TK10, UACCG2 and MCF7 cancer cell lines.
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1. Introduction

Malaria affects an estimated 250 million people and accounts for
almost 1 million deaths annually, with over 90% of these fatalities
recorded in Africa[1-3]. The disease’s incidence has increased during
the last decade as a result of the rise in resistance to existing anti-
malarial drugs such as chloroguine, mefloquine, suphadoxine and
pyrimethamine. The emergence of resistant parasite strains severely
limits the choice of available antimalarial medicines, and has driven
the search for new drugs that might circumvent resistance mecha-
nisms. The aminoquinoline, chloroquine, was for much of the last 40
years the drig of choice for malaria chemotherapy as it was highly
effective, save and cheap [4,5]. However, the spread of chloroquine-
resistant strains has limited its use to Plasmodium falciparum resis-
tance free areas of the world. Chloroquine resistance is associated
with reduced accumulation of the drug inside the digestive vacuole,
which is connected to a P. falciparum chloroguine resistance trans-
porter (PICRT ) or ATP-dependant P-glycoprotein efflux pump (Pgh1)
[6]. Despite this drawback, the 4-aminoguinoline pharmacophore
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remains an attractive scaffold in design of new drugs, since it
demonstrates a unique affinity for haematin and is known to be the
[Fe>*) ferri-protoporphyrin complex formation template [78).

Many studies on bisquinolines have indicated an increase in
activity against chloroquine-resistant strains. Piperaquine Awas the
first bisquinoline drug synthesized in 1960 and was active in vitro
against both CQS and CQR strains, but further development was
suspended for toxicity reasons[9,10]. Vennerstrom etal. synthesized
a series of bisquinoline analogues linked by various alkanediamines
or heteroalkanediamines of which the most promising was WR
268,668 B. This compound exhibited potent in vivo antimalarial
activity but development was stopped due to phototoxicity [11,12].
Girualt et al. [13] synthesized a series of bisquinolines C, tri- and
tetraquinolines with increased steric hindrance that displayed good
activity against resistant P. falciparum strains, suggesting that the
greater bulkiness results in a weaker efflux by PICRT. However, the
increased rigidity by cyclisationreduced toxicity butdidnotincrease
activity in comparison with their linear counterpars. Bisquinoline
compounds D displayed superior activity compared to chloroquine
against the resistant K1 strain [14] (Fig. 1).

Chloroquine and other 4-aminoquinoline antimalarials are weak
baseswhich traverse down the pH gradient to concentrateinside the
acidic food vacuole. The protonation of the drug inside the vacuole
increases its accumulation via a pH-trapping mechanism that
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Fig. 1. Structures of some literature reported bisquinolines with various linkers: piperaguine A (1<3-(piperazin-1-yljpropyl |piperazine linker), compound WR 268,668 B (cyclo-
hexane-1,2-diamine linker), bisquinoline C (14,8.11-tetraazacyclotetradecane linker) and chloroquine-like bisquinoline D (dodecane-1,12-diamine linker).

appears critical for their activity [5]. This mechanism explains the
hyper concentration of chloroguine from nano- in the plasma to
millimolar concentrations in the diges tive vacuole [15].

The aim of this study was to synthesize a series of bisgquinoline
and bispyrrolo[1,2a]quinoxaline compounds containing warious
polyamines, which may act as potential protonation sites in the
hope of increasing their accumulation via pH-trapping. In this
paper, we report the synthesis of these biscompounds, their
aqueous solubility, distribution coefficients, cytotoxicity and invitro
antimalarial activity in comparison with chloroquine. The most
active antimalarial series was also screened for anticancer activity
against TK10 (renal), UACCE2 (melanoma) and MCF7 (breast) cells.

2. Results
2.1. Chemistry

The synthesis of bisquinolines 4-9 and 10-15 (Scheme 1),
Series 1 and Series 2, respective ly, was achieved by using reported
methods [16,17].

The bis pyrrolo[1,2a]quinoxalines 16—20, on the other hand, were
brought about following another general proced ure[18](Scheme 2).

These compound-types were synthesized by aromatic nucleophilic
substitution, using polyamine as both reagent and solvent at elevated
temperatures and longer reaction times to promote disubstitution. The
nucleophilic substitution on an aromatic ring proceeds by the addi-
tion jelimination mechanism. The quinoline nitrogen atom creates
a decrease in electron density via mesomeric and inductive effects at
the C-2 and C-4 position of the quinoline ring. The approaching
nucleophiles, in this case, the two primary amines at the ends of the
polyamine, first add to the electron-deficient alkylhalide forming
aresonancestabilized negatively chargedintermediate, The halideion
is then eliminated in the second step generating hydrochloric acid
from the reaction [19]. The bisquinolines 4-9 were obtained as off-
white powders upon crystallization in ethyl acetate whereas
compounds 10—-20 were obtained after purification by column

chromatography on silica gel and crystallization in ethyl acetate. The
yields were in the range of 3—60%. The chemical structures of the
compounds are consistent with both the NMR and MS data.

2.2, Experimental aqueous solubility and logD

Series 1 compouind s 4-9 and Series 2 compounds 10—15, which
contain the quinoline moiety showed lipid solubility in same order.
On contrary, Series 3 compounds 16-19, which contain the pyr-
roloquinoxaline moiety and therefore a greater aromatic surface
was slightly more lipid soluble. Overall, the series showed
comparable agueous solubility, which was found to increase with
the increasing number of protonation sites in the polyamine bridge.
Howevwer, this effect was overruled as the C—C chain separating two
intrabridge N atoms lengthens (Table 1).

2.3. Biological

Compounds 4-9 were all active against both the D10 and Dd2
strains. These were significantly more potent than CQ against the
resistant Dd2 strain, The compounds 10, 14-17, and 20 were all
found to be less potent than CQ against both strains. The bisqui-
nolines 11,12 and 13, on the other hand, have activity in the same
range as CQ against the sensitive D10 strain, while 18 and 19
showed activity comparable to that of CQ against both strains.
Compounds 17 and 20 were the only compounds that demon-
strated cytotoxicity at the concentrations tested. The Series 1 was
the most potent against P falciparum, and was subsequently
selected for anticancer activity screening (Tables 2 and 3).

3. Discussion
3.1. Chemistry

These low yields in these nucleophilic substitution reactions
may be attributed to multi-substitutions. The chemical structures
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9 7-Cl H 3 1 3
10 5-CH, H 2 0 2
11 5-CH; H 3 0 2
12 5-CHs H 3 0 3
13 5-CH; CHs 3 0 3
14 5-CHs H 2 1 2
15 5-CHs H 3 1 3

Scheme 1 A general reaction scheme to illustrate the synthesis of bisguinolines 4—15 from polyamines and appropriate substitued quinoline. Reagents and conditons: (a) 4,7-
dichloroguinoline 1, polyamine, 135-14~C, 16=20 h; (b) 4-chloro-5-methylguinoline 2, polyamine, 135-14°C 16-20 h

of the synthesized compounds were confirmed by NMR and MS
analyses. The signals for heterocyclic- and linker protons in the
biscompounds 4, 610, 11-15,16 and 18—20 showed double proton
intensity, revealing that they are symmetrical. Thus, only half of
these protons and carbon signals appear in the spectra due to the
equivalence. This was not the case for the non-symmetrical
compounds 5, 11 and 17. The signals of the guinoline moiety were
all present in the spectra of all Series 1 and 2 compounds, con-
firming the presence of this pharmacophore in their structures.
Additionally, the spectra of Series 2 compounds show a signal with
a three-proton intensity in the 2.43—-224 ppm region and reso-
nance of -9 in the 21.27-21.16 ppm region. This confirms the
presence of the 5-methyl group on the quinoline ring. The signals

relative to the pyrrolo[1,2a]quinoxaline moiety were all present in
the spectra of Series 3 compounds, confirming the presence of this
pharmacophore in the structures of the quinoxalines 16—20.

3.2, Physicochemical properties

Aqueous solubility and water|lipid partition coefficient are two
physicochemical properties that can provide a guideline for predicting
adrug’s solubility characteristics inother aqueous and organic solvents
[22]. These properties influence the distribution of the drug within the
body since drugs must possess some lipophilic properties in order to
cross biological membranes and hydrophilic properties to be taken up
insystemic circulation. The experimental aqueous solubility and log D
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Scheme 2. A general reaction scheme il lustrating the synthesis of bispyrrolof1.2a)guinoxalines 16—20 from polyamines and &-chloropyrrolol 1,2a |guinoxaline 3. Reagents and

conditons: (a) 6-chloropyrrolo|1,2a)lguinoxaline 3, polyamine, K2C0s, DMFE13 °C, 16 h.

values of compounds were determined at pH 5.5 to mimic the acidic
parasitic digestive vacuole, which is their established site of action. In
an acidic environment, the aliphatic nitrogen and aromatic nitrogen of
weak base quinoline drugs are fully protonated, contributing to the
hydrop hilicity of these compounds. This makes them membrane
impermeable and trapped, resulting in high concentrations of drug
needed for hemozoin formation inhibition.

Comparison between Sy values of compounds 4 and 5 showed
adecrease insolubility, which maybeattributed to the additionof one
carbon atom in the C=C chain separating the nitrogen atoms of the
polyamine bridge. Compound 6 was slightly more hydrophilic than 7
presumably as resultof increased protonation at the tertiary amine of
the bridge in the acidic environment. The agueous solubility of
compound 8 was noticeably higher than that of compound 9 indi-
cating that the addition of two carbon atoms in the polyamine bridge
reduces the water solubility. This finding is in accordance with the
structures of the linkers since a propyl C—C chain is generally more
lipophilic than an ethyl one. Thus, in these two pairs of compounds,
the aqueous solubility d ecreased slightly with the addition ofa carbon

atom in the C—C chain separating the 2 N in the polyamine bridge.
Such was also the case for compounds 4 and 3,and 10 and 12,

Series 3 compounds slightly more lipid soluble than those of
Series 1 and 2. The poor antimalarial activity within this Series may
suggest that, as result of their high lipophilicity, these compounds
are trapped in the hydrophilic biolayers and, thus, do not reach the
digestive vacuole in sufficient concentration conducive to parasites
death. Compounds 16 and 17 showed similar aqueous solubility. The
comparison of compounds 18 and 19 again confirms the increase in
hydrophilicity of the latter as aresult ofincreased p rotonation in the
polyamine bridge. In summary, the aqueous solubility within the
Series increases with the increasing number of protonation sites in
the polyamine bridge. However, the effect is overruled as the C—C
chain separating the two intrabridge N atoms lengthens.

3.3, In vitro antimalarial activity

Series 1 was the most active while 3 was the least active of the
three Series. Comparing the antimalarial activity of the
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Table 1

The physicochemical data of synthesized bisquinoline and bispyrrolo[1.2a]qui
noxaline compounds. For each compound, agueous solubility (Sw) was determined
in PES (pH 5.5) at 37°C after incubation in water bath with stirning for 24 h;
distribution coefficient (log D) was obtained after n-octanol (FES (pH 5.5) partition.

Compds  Yield Mp Sw SD log p*  sD Soc 5D
(%) rof (mmpf (mmy*

4 60 248 3zm 013 0.30 0.09 63.91 0.50
5 23 255 2351 025 030 001 4667 0.94
[ 9 200 28.89 0.24 0.28 0.11 54.26 0.98
7 15 165 3282 033 029 001 64.76 0.60
8 28 123 3868 0,10 0.28 0.04 7330 471
9 10 178 1894 0.53 030 0.0 37.50 4.57
10 17 129 2950 0.02 0.05 002 3517 4.14
11 19 230 2823 0.08 032 001 5880 1.49
12 20 87 2780 0.34 0.14 003 3750 3.01
13 25 71 3118 0.68 016 0.01 4519 0.26
14 3 113 3886 1.67 040 004  9R30 5.88
15 21 56 3652 043 034 004 7375 372
16 18 75 2751 0.45 0359 0.1 8357 1.53
17 17 85 28.56 0.21 034 001 63.03 0.85
18 33 82 2413 032 032 Dol 5555 1.77
19 14 80 30,15 0.56 036 001 69,29 1.35
20 8 124 3308 038 ~002 003 3067 7.07
o na na 0.03% 4,30 na

4 Melting point (Mp).

b Experimental, data represent the mean of three independent measurements.

© Reported [20.21].

v Solubility in octanol (Sac) calculated from experimental Sy and log D using
log Soc = log D+ log Sw: not available (nal

bischloroquinolines to that of CQ, Dunnett's test reveal the mean
1C5p values of compounds 4-9 not statistically significantly
different from the mean of CQ as the p-values were greater than
0.05, implying that these compounds were as potent as CQ against

Table 2

the D10 strain. Against Dd2, howewver, their mean 1Csp values
differed statistically significantly from that of CQ indicating that
they were all more potent than CQ. Compounds 8 and 9 stood as the
most active against both strains as confirmed by the lowest resis-
tance index value of 0.4.

The potent activity observed with this Series suggests that these
compounds possessed a better balance between hydrophilicity and
lipophilicity, and that the latter property is adequate enough to
allow the intercalation onto the porphyrin rings of haematin within
the hydrophobic environment provided by membrane fragments
inside the digestive vacuole [23]. These fragments originate from
the inner membrane of the transport vesicle and provide ideal
conditions for nucleation of hemozoin formation, and favor the
iron—carboxylate bond formation in the ferri-protoporphyrin IX
dimers [24].

Furthermore, since these compounds only possessed increased
activity over CQ against the CQR strain, it may be presumed that the
increased protonation sites due to the polyamines may be
responsible of this activity. Thus, compounds 4-9 were able to
cross the lipid membranes of the digestive vacuole and sufficiently
accumulate in the acidic medium of the vacuole to overcome
chloroquine resistance.

Within the Series 2, compounds 10, 14 and 15 were as potent as
CQ while 11,12 and 13 were less potent than CQ against the D10.
Against the Dd2 strain, only 11 and 12 were more potent, all others
possessed less potency. Thus, compound 12 was the most active
against both strains. It possessed more potent antimalarial activity
than CQ against the D2 strain and showed activity in the same
class as CQ against the D10 strain. Compounds 14 and 15 were
significantly less potent than CQ against both strains. This poor
antimalarial activity could be attributed to the fact that as result of

Invitro antimal arial activity of bisguinolines 4-15 and bispyrrolo[ 1,2a]guinoxalines 16—20 against D10 and Dd2 strains of Plasmodium falciparum, and their cytotoxicity against
CHO cells. Cells were incubated with compounds at various concentrations for 48 h; antimalarial activity and cytotoxicity were determined using parasite lactate dehydro

genase and MTT-assays, respectively.

Compds D10 Dd2 RI* cHo' st
n ICs0 sD ANOVA p Value: n [Cs0 5D ANOVA pValue: IC50 sD
(nMJ* P value: Dunnett® (M) p value: Dunnett® (M ®
Welch @ Welch @
4 3 8365 347 1.00 3 57.02 1393 0.02¢ 07 5
5 3 66.12 4.64 LoD 3 56.35 378 oom® 0.9 3.10 0.30 47
6 3 11046 977 0.99 3 T1ER 1207 0,03 07 261 0.17 24
7 3 3738 246 1.00 3 7113 2047 0.03¢ 1.9 7.80 243 211
8 3 8767 4.00 1.00 3 3549 731 o 0.4 801 328 a3
9 3 12859 2743 0.93 3 49,48 245 oo 0.4 1297 1.41 102
10 3 74054 3278 0,004 3 507.12 58.18 o.o0% 07 &
11 3 21378 25,95 0.27 3 104.60 11.07 0.11 0.5 £
12 3 12898 0.98 0.93 3 8022 2113 0.40 0.6 132,12 14.92 1024
13 3 18493 3L12 0.48 3 1914.01 8544 0.00¢ 10.4 £
14 6 141613 31207 0.00¢ 3 1097.96 22080 0.00¢ 0.8 na na na
15 3 92193 40.50 0,004 3 GOE.43 7837 0.00% 07 173.99 7140 187
16 3 554.00 8.05 0.00¢ 3 1903.47 113.57 0.00¢ 34 &
17 3 199,00 1267 0,034 3 1377.75 9489 0.00% 69 28 0.47 14
18 3 73.34 1.31 0.89 3 356,17 102,69 L.00 47 38 0.23 51
19 3 111.72 10.40 0.44 3 724.14 109.15 018 6.5 43 0.73 39
20 3 180032 123.54 o.o04 3 4166.67 46325 o.o0? 23 8.1 0.30 4.5
o1 9 4835 14.63 0.00 5 24230 0023 0.00 5.0 na na
w2 2 36.11 0.66 0,00 2 295.90 41.34 0.00 82 na na
EM1 2 na 0.00 2 na 0.00 na 0.30 0.15 na
EM2 2 na 0,00 2 n.a 0.00 na 0.30 0.10 na

* Number of replicates.

¥ Data represents the mean of three independent experiments.
¢ Statistical significance at 0.05 level.

L p-Value (Dunnett's test) <0.05 indicates a statistically significant difference between ICs, values with more than 95% certainty.

# Resistance index (RI) = IC5Dd2 (IC5,D10.

" Chinese hamster ovarian (CHO).

# Value above maximum tested concentration.
h Selectivity index (51} = IC5aCHO/IC5D10; not available (n.a )
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Table 3

Growth inhibitory effect of bisgquinolines 4-9 upon renal (TK10), melanoma (UACCE2) and breast (MCF7) cells proliferation. Cell s were incubated with bisguinolines in
different concentrations for 48 h, and the growth inhibition effect was determined using SRB assay.

Compds  TK10 UACCE2 MCFT
Glsg* TG 105" LGyt Z*factor  Glsg TGl LCs LCgo 2 factor  Glsg  TGI ICs0 ICypo  Z factor

4 0.27 0.6 084 =100 092 033 059 086 =100 091 0.23 0.55 086 =100 (L8D
5 1.23 435 727 =100 042 107 489 772 =100 0891 0,60 2.79 731 =100 08D
6 0.60 205 618 4640 091 038 074 317 =100 088 0.26 0.58 090 =100 (82
7 0.54 100 561 4512 091 036 064 092 =100 088 0.39 0.69 120 =100 (82
8 589 536 771 =100 092 287 530 774 =100 088 0.76 3.53 737 =100 (085
9 210 474 738 =100 092 106 409 711 =100 088 0.38 1.65 643 =100 OF2
ET 589 4333 @Bl =100 078 341 4 =100 =100 092 0,83 =100 =100 =100 080

a

b

Concentration resulting in 50% growth inhibition (GI) and signifies the growth inhibitory power of the test agent.
Concentration inducing total growth inhibition (TGI) and signifies the cytostatic effect of test agent.

“ Lethal concentration (LC) resulting in 50% cells death and signifies the cytotoxic effect of the test agent.
4 | ethal concentration resulting in 100% cells death and signifies the cytotoxic effect of the test agent, all concentrations are expressed in pM.
“ Z' factor, statistical effect size measuremnent, factor value in 0.5-1 range is interpreted as an excellent assay.

their high lipid solubility, these bisquinolines were trapped in the
lipid membranes and do not reach the digestive vacuole in suffi-
cient concentration to inhibit hemozoin formation.

In Series 3, only compounds 18 and 19 possessed activity in the
same range as CQ against both strains. Compound 20 was the least
active with a significantly higher mean 1Csp value than CQ against
both strains, displayed aqueous comparable to that of all others but
was considerably the least lipid soluble. One may presume that this
quinoxaline was unable to cross the biological membranes as result
of its increased aqueous solubility leading to weaker antimalarial
activity.

Overall, these data confirm the 7-chloro substituted guinoline to
be a more potent antimalarial pharmacophore than are both the 5-
methylquinoline and pymrolo[1,2a]quinoxaline  moieties. This
activity is accordance with results from previous studies that the 7-
chloro substituent contributes to the haematin inhibitory activity
[25]. The activity of compounds 8 and 9 against the CQR strain in
conjunction with the lack of potent activity for the same linkers in
Series 2 and 3 tend to suggess that increased pH-trapping plays
a less significant role in antimalarial activity for compounds
without the 7-chloro substituent. Furthermore, it is important to
note that increased hydrophilicity does not necessarily increase
vaccuolar accumulation or the ability of a molecule to be absorbed,
since polarity, flexibility, charge distribution, molecular weight, H-
bonding properties, etc., all affect drug absorption through bio-
logical membranes [26]. The ideal linker providing optimal
configuration for haematin interactions could be identified in the
current study as containing 3 C—C chain separating the N atoms of
the polyamine bridge with or without an N-methy| substitution.

The bis(7-chloroquinoline)s of the current study were more
active than the bisguinolines of Raynes et al. against the D10 strain
[27,28]. Compounds 10-12 and 1719 were as active as their bis(8-
aminoquinolines) but possessed more antiplasmodial activity than
their bis(6-aminoquinolines) against the same strain [27].
Compounds 5 and 7 have activity against D10 in the same range as
the most active cinchonidine-like bisquinoline synthesized by Ayad
et al. [14]. Compounds 4-9, 12, 18 and 19, on the other hand,
showed higher antimalarial activity than their chloroquine-like
bisquinolines containing aliphatic linker of 8 or 10 carbons.

3.4. Cytotoxicity

Ingeneral, the Series 1 was more cytotoxic than 2 as result of the
presence chlorine substituent. In the bispyrrolo[1,2a]quinoxaline
series, compounds 17 and 20 were the most cytotoxic. The high
toxicity of compound 20 may be the result of the lengthening of the
C~C chain, since an increase in aliphatic chain length is associated

with toxicity towards mammalian cells [29]. Overall, the bisqui-
nolines were less cytotoxic than the bisquinoxalines. One can then
safely conclude that the 4-aminoguinoline pharmacophore is less
toxic to the mammalian cells than is quinoxaline.

Thus, given that cytotoxicity remains a major problem in the
development of bisquinolines, the absence thereof in these bis-
compounds appears noteworthy.

3.5, In vitro anticancer activity

The bisquinolines 4—9 possessed potent anticancer activity with
selectivity for fast dividing tumour cells in light of the absence of
cytotoxici ty towards mammalian cells. This can be ascribed to the
polyamines which may be recognized by the polyamine transporter
upregulated tumour cells, and thus provide a drug upta ke mecha-
nism for these compounds into the cancer cells [30]. Their anti-
cancer activity may be the result of the 4-aminoguinoline
pharmacophore interacting favorably with the narrow minor
groove of AT-rich sequences leading to DNA strand scission [31].

Furthermore, the small quinoline phammacophore has the
advantage of lowering the DNA binding strength, which reduces
non-specific binding to other cell macromolecules like proteins and
lipids [32]. The polyamine linkers confer a region of flexibility
between the ide ntical pharmacophores, with the ionized secondary
amines capable of increasing van der Waals interactions with the
highly polar phosphate backbone and bases of DNA [30,31]. Overall
compounds 4, 6 and 7 exhibited the most potent cytostatic and
cytotoxic effects on the proliferation of all three cancer cell lines.
This potent activity suggests an optimal distance of 2—3 C atoms
between two conse cutive N atoms of the polyamine bridge possibly
allowing optimal interaction with the negatively charged
phosphate-groups of the DNA backbone. This ultimately may
induce the external binding of these compounds to DNA and pull
the AT-rich strains apart and result in the disruption of DMA tran-
scription leading to tumour cell death.

4. Conclusion

Series of bisquinoline and bispyrrolo[1,2a]quinoxaline
compounds were synthesized and their structures confirmed by
NMR and MS analyses. The increase in potential protonation sites
afforded by polyamines increases the agueous solubility in each
series. However, this effect was overruled as the C—C chain sepa-
rating the two intrabridge N atoms lengthens. The triprotic and
tetraprotic polyamine bisquinolines were more hydrophilic than
the diprotic ones. The 7-chloro substituted quinoline was also
found to be a more antimalarial active pharmacophore than both 5-
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methylguinoline and pyrrolo[1,2a]guinoxaline moieties. The bis-
quinolines 8 and 9 were significantly more potent than CQ against
the resistant Dd2 strain, demonstrated good selectivity towards the
parasitic cells and possessed the highest activity of all synthesized
compounds. The bis(7-chloroquinoline) also displayed potent
anticancer activity against all three cell lines. Compounds 4, 6 and 7
exhibited a significantly more potent cytostatic effect on the
proliferation of all the cell lines compared to etoposide with bis-
quinoline 4 being the most potent of all. In view of these results, the
bis(7-chloroguinoline)s appear to be better anticancer compounds
than antimalarials, and may thus be worthwhile further investi-
zated to ascertain whether the good cancer cells antiproliferative
activity observed in vitro can be carried out in vivo.

In conclusion, the formation of biscompounds containing the
quinoline pharmacophore with increased protonation sites affor-
ded by polyamine linkers could be a valid strategy to overcome CQ
resistance.

5. Materials and methods
5.1. Materials

The reagents  diethylenetriamine,  N'-{2-aminoethyl)-1,3-
propanediamine, bis(3-aminopropyl)amine, 3,3'-diamino-N-methyl-
dipropylamine,  triethylenetetramine,  NN'-bis(3-aminopropyl)
ethylene-diamine and solvents NN-dimethylformamide {DMF) were
purchased from Sigma—Aldrich (Johannesburg, South Africa) The
reagents 4,7-dichloroquinoline, 6-chloropyrrolo[1,2a]quinoxaline and
4-chloro-5-methylquinoline  were obtained from Dayangchem
(Hangzhou, China). Chloroguine (CQ) diphosphate was generously
donated by Cipla Med pro (Cape Town, South Africa). All the reagents
and chemicals were of analytical grade.

5.2. General procedures

Thin-layer chromatography (TLC) was performed using silica gel
plates (60F254 Merck, Johannesburg, South Africa). Preparative
flash column chromatography was done on silica gel (230240
mesh, G60 Merck). Analytical quantities of samples were weighed
on a Sartorius/BP211 D balance. Melting points (mp) were deter-
mined on a Stuart SMP 10 apparatus and are uncorrected.

The "H and "*C NMR spectra were recorded on a Bruker Avance
111 600 spectrometer purchased from Bruker (Karlsruhe, Germany)
(at a frequency of 600.17 MHz and 150913 MHz, respectively) in
deuterated dimethylsulfoxide [DMS0-d6) and deuterated chloro-
form (CDCls). Chemical shifts are reported in parts per million (4
ppm) using tetramethylsilane (TMS) as intemnal standard. The
splitting pattern abbreviations are as follows: s (singlet),
d (doublet), dd {doublet of doublet), t (triplet), td (triplet of
a doublet) and m {multiplet ).

The high resolution electron spray ionisation mass spectra
(HRMS ESI4) were recorded on a Waters Synapt G2 spectrometer.
The source was electrospray positive, capillary voltage 3 kV, cone
voltage 15 V. Introduction with direct injection (1 pl) into a stream
of 50% acetonitrile, 0.1% formic acid, using a Waters UPLC at flow
rate of 0.2 ml/min. Positive ions [M + H]™ were recorded.

5.3. High performance liquid chromatography (HPLC)

Alignent 1100 series HPLC equipped with an auto sampler,
gradient pump, diode array UV detector and a Restek, Bellefonte,
PA, Ultra C18, 5 pm, 150 x 4.6 mm column, was used for determi-
nation of physicochemical properties. Data analysis was done on
Chemstation Rev. A10.03 data acquisition and analysis software.

The compounds were guantified using a gradient method [A:
0.005 M octane sulphonic acid sodium salt adjusted to pH 3.5 with
ortho phosphoric acid, B: acetonitrile) at a flow rate of 1 ml/min
with 20 pl standard sample injections. The gradient starts with 20%
of solvent A and 70% of solvent B (ACN). Solvent A is increased
linearly to 95% and solvent B decreased to 5% until 8 min and held
there for 3 min, where after the instrument was re-equilibrated to
the starting conditions for 2 min. A calibration plot of peak area
versus drug concentration for each compound showing excellent
linearity (0.978 < > = 1) over the concentration range (0—800 pg/
ml) was employed for the assays. The absorption maximum for the
synthesized compounds was at UV 247 nm. This wavelength was
therefore used for detection. The peak retention times {tg) for each
compound analysed is reported.

54, Experimental procedures

5.4.1. Synthesis of bisquinolines

The synthesis of bisquinoline compounds 4—9 (Series 1) was
achieved as follows: A mixture of 4,7-dichloroquinoline 1 (5g,
25mmol) and polyamine (75 mmol, 3 equiv.) was refluxed for
16-20 h while stirring continuously. For the synthesis of bisquino-
lines 1015 (Series 2), another literature reported method [ 17] was
adopted with slight modifications. A mixture of 4-chloro-5-
methylquinoline 2 (5g 28mmol) and polyamine (75 mmol,
3 equiv.) was heated at 135-145°C with stirring for 16-20h. The
progress of the reactions was followed by thin-layer chromatography
(TLC). After completion, the reaction mixture was allowed to cool to
50°C and 1M NaOH {100 ml) was added. The mixture was stirred
until room temperature was reached. The product was extracted with
boiling ethylacetate (3 = 100 ml) and the combined organic fractions
were thoroughly washed with distilled water (5 = 50 ml) to remove
any excess of amine. The organic phase was dried over MgS04 for
1-3 h, and the solvent was evaporated under reduced pressure to
25 ml. The concentrated solution was then allowed to crystallise at
0-5 °C w afford compounds 4-9 as powders.

Compounds 10-15, on the other hand, were purified by silica gel
column chromatography eluting with EtOAc:MeOH:NH40H
(17:2:1) and were also obtained as powders,

5411 7-Chloro-N-{2-[( 7-chloroquinolin-4-yl- Jamino]ethyl}quino-
lin-4-amine 4. Off-white powder; TH NMR (600 MHz, DMSO)
a(ppm):836(d,] = 5.4 Hz, 2H,H-2),8.21 (d,] = 6 Hz, 2H,H-5), 7.77
(d, J=2.4Hz, 2H, H-8), 739 (dd, J]=9.0, 2.4 Hz, 2H, H-6), 648 (d,
J=5.4Hg 2H, H-3), 3.5-3.36 (4H, H-10), 2.88 (t, ] = 6.6, 4H, H-11).
BC NMR (151 MHz, DMSO) & (ppm): 151.91 (C-2), 15016 (C-4),
133.30 {C-7), 127.49 (C-8), 124.03 (C-6), 123.94 (C-5), 98.71 (C-3),
46.99 (C-11), 42.59 (C-10). HRESI my/z: 4261256 (M + 1)[(M + 1),
CoaHoCl N5, 4261252 cald.), tg = 1.151 min.

5.4.1.2. 7-Chloro-N-{3-[( 7-chloroquinolin-4-yl Jamino Jpropyl} quino-
lin-4-amine 5. Off-white powder; 'H NMR (600 MHz, DMSO)
6(ppm): 8.38 (d,J— 5.3 Hz,1H,H-2),8.24 (d,] — 9.0 Hz, 1H,H-5), 7.77
(d, ] = 1.8 Hz, 1H, H-8), 740 (dd, ] =90, 21 Hz, 1H, H-6), 6.50 (d,
J=54Hz1H H-3),3.50-332 (4H,H-10,H-14), 2.84 (1, ] = 6.4 Hz, 2H,
H-13),2.70 (1, f= 6.5 Hz, 2H, H-12), 1.77 (q, ] = 6.6 Hz, 2H, H-11). ®C
NMR (151 MHz, DMS0) 4 {ppm): 152.00 {C-2),150.13( C4),133.21 (C-
7),127.49 (C-8), 124.10 (C-6), 123.95 (C-5), 98.72 (C-3), 4741 (C-13),
4697 (C-12), 4247 (C-14), 40.93 (C-10), 27.93 (C-11). HRESI m/z:
4401398 (M +1)[(M+ 1), Co3Ha4CloNs, 4401409 cald.), tg = 1154 min.

54.1.3. 7-Chloro-N-[3- {3-((7-chloroquinolin-4-yamino[propyljaminoe )
propyljquinolin-4-amine 6. Off-white powder; "H NMR {600 MHz,
DMSO) & (ppm): 8.35 (d, ] — 4 Hz, 2H, H-2), 8.20 (d, ] — 9 Hz, 2H, H-
5), 775 (d, J = 2.3 Hz, 2H, H-8), 7.52 (dd, | = 9.0, 2.4 Hz, 2H, H-6),
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6.44 (d, | - 5.4 Hz, 2H, H-3), 3.40—3.32 (4H, H-10), 2.65 (t, | - 6.4,
4H, H-12), 1.82 (q, ] = 6.6 Hz, 4H, H-11). '3C NMR (151 MHz, DMSO)
& (ppm): 151.87 (C-2),150.17 {C-4) 133.39 (C-7), 127.45 (C-8), 124.12
(C-6),123.99 (C-5), 98.70 (C-3), 47.38 ( C-12), 41.13 (C-10), 28.07 (C-
11). HRESI m/z: 4541568 (M + 1) [(M + 1), Ca4Ha6ClaNs, 454.1565
cald.), tg = 1157 min.

5.4.1.4. Bis({3-(7-chloroguinolin<4-yljamino]propyl})(methyl Jamine
7. White powder; 'H NMR (600 MHz, DMS0) ¢ (ppm): 833 (d,
| =5.4Hz, 2H,H-2), 8.19(d,] = 9 Hz, 2H, H-5), 7.76 {d, f = 1.5 Hz, 2H,
H-8), 7.40 (dd, J— 9.0, 2.1 Hz, 2H, H-6), 6.39(d, J = 5.4 Hz, 2H, H-3),
3.27 (t, ] = 5.4, 4H, H-10), 2.43 (t, ] = 6.6 Hz, 4H, H-12), 2.21 (s, 3H,
H-13), 1.82 (q, J = 6.6 Hz, 4H, H-11). '*C NMR (151 MHz, DMSO0)
& (ppm): 151.77 (C-2),150.14 (C-4),133.45 (C-7), 127.43 (C-8),124.08
(C-6),123.96 (C-5),98.48 (C-3), 5513 (C-12), 42.00 (C-13),40.98 (C-
10), 25.47 (C-11). HRES 1 m/z: 468.1727 {M + 1) [(M +1), CasH25Cl2Ns,
4681722 cald.), tg = 1152 min.

54.1.5. 7-Chloro-4-[10+{7-chlovoquinolin-4-yl)- 14,7, 10-tetraaza decan-
T-yljquinoline 8. Light yellow powder; 'H NMR (600 MHz, DMSO)
6(ppm): 8.37(d,J = 5.4 Hz, 2H,H-2), 823 (d,] — 9 Hz, 2H,H-5), 7.76(d,
J=2.2Hz, 2H, H-8), 7.39 (dd, ] — 8.8, 1.7 Hz, 2H, H-6), 6.45 (d, | = 54,
2H, H-3), 3.50-3.30 (4H, H-10), 2.80 (t, ] — 6.3 Hz, 4H, H-11), 265 (s,
2H, H-12). 3¢ NMR (151 MHz, DMS0) é {ppm): 151.85 (C-2), 150.08 (C-
4), 133.29 (C-7), 12736 (C-8), 124.16 (C-6), 123.87 (C-5), 9863 (C-3),
48.63 (C-11), 4720 (C-12), 42.52 (C-10). HRESI m/z: 469.1601 (M + 1)
[(M + 1), CaqHz7CLNg, 469.1674 cald.), tg — 1.153 min.

54.1.6. 7-Chloro-4-[ 12+ 7-chloroquinolin-4-yl)-1,5.8,12-tetraazadodecan-
T-ylJquinoline 9. White powder; 'H NMR (600 MHz, DMSO)
& (ppm): 837 (d, J= 54 Hz, 2H, H-2), 8.20 (d, J= 9 Hz, 2H, H-5),
777 (d, ] =21Hz, 2H, H-8), 743 (dd, J]-=9.0, 21 Hz, 2H, H-6),
645 (d, J=5.4Hz, 2H, H-3), 3.50-3.31 (4H, H-10), 264 (t,
] =6.4Hz, 4H, H-12), 2.63-2.57 (t, 2H, H-13), 1.76 (g, ] = 6.6 Hz,
4H, H-11). 13C NMR (151 MHz, DMS0) é (ppm): 152.02 (C-2),
150.05 (C-4), 13336 (C-7), 12750 (C-8), 12413 (C-6), 12398
(C-5), 98.48 {C-3), 48.97 (C-10), 4742 (C-12), 41.06 (C-13), 2798
(C-11). HRESI m/z: 497.1992 (M + 1) [(M + 1), CogHz1ClaNg, 4971987
cald.), tg = 1.150 min.

5407 5-Methyl-N-{2-( {2-[(5-methylquinolin-<4-yl JaminoJethyl}amino )
ethyljquinolin-4-amine  10. Light vyellow powder; 'H NMR.
(600 MHz, DMSO) & (ppm): 830 (d, ] — 5.2, 2H, H-2), 7.68—7.58 (m,
H-7), 7.42 (dd, | — 8.6, 1.8 Hz, 2H, H-8), 6.43 (d, J = 5.3 Hz, 2H, H-3),
336(tJ=9.3Hz4H H-10),2.90 (t,] = 6.4 Hz, 4H,H-11),2.43 (s, 3H,
H-9). 13C NMR (151 MHz, DMSO) § (ppm): 149.48 (C-2),146.31 (C-
4),133.14 (C-5),130.47 (C-7), 128.51 (C-6),120.53 (C-8), 9812 (C-3),
47.20(C-11), 42.56 (C-10), 21.17 (C-9). HRESI m/z: 386.2339 (M +1)
[(M + 1), Cy4HzgNs, 386.2345 cald.), tg = 1146 min.

5418 5-Methyl-N-[2-( {3-[(5-methyl quinolin-4-y)amino Jpropyl}
aminojethyljquinolin-4-amine 11, White powder; 'H NMR
(600 MHz, DMSO) & (ppm): 8.29 (dd, /= 9.8, 5.2 Hz, 2H, H-2), 7.65
(dd, =86, 5.3 Hz, 2H, H-8), 7.41 (t, J = 7.9 Hz, 2H, H-7), 6.43 (d,
] =5.3Hz, 2H, H-3), 3.33-3.36 (4H, H-10, H-14), 2.84 (t, ] = 6.6 Hz,
2H, H-12), 2.72 (t, J = 6.5 Hz, 2H, H-13), 243 (s, 3H, H-9), 1.82 (q,
] =6.7Hz, 2H, H-11). 1*C NMR (151 MHz, DMSOQ) & (ppm); 149,53
(C-2),146.67 (C-4), 133.00 (C-5), 13038 (C-7), 128.87 (C-6), 12050
(C-8), 97.94 (C-3),47.70 (C-13) 47.02 (C-12), 43.69 (C-14), 41.58 (C-
10), 27.72 (C-11), 21.16 (C-9). HRESI m z: 4002505 (M + 1) [[M + 1),
CasH3pNs, 4002501 cald.), tg — 1.589 min.

5.4.1.9. 5-Methyl-N-[3-({3-[(5-methylquinolin-4-yl)aminoJpropyl}
amino)propyl Jquinolin-4-amine 12. Off-white powder; H NMR
(600 MHz, DMSO) § (ppm): 8.31 (d, J—5.2 Hz, 2H, H-2), 767 (d,

J=84Hz, 2H, H-T), 742 (dd, |- 8.4, 1.8 Hz, 2H, H-8), 637 (d,
J = 5.3 Hz, 2H, H-3), 3.29 {t, ] — 6.7 Hz, 4H, H-10), 2,66 (t, ] — 6.4 Hz,
4H, H-12), 2,55 (s, 3H, H-9), 1.80 (q, ] — 6.6 Hz, 2H, H-11). 3C NMR
(151 MHz, DMSO) & (ppm): 149.53 (C-2), 146.67 (C-4), 133.00 (C-5),
130.55 (C-7), 128.87 (C-6), 120.50 (C-8), 97.94 (C-3), 47.57 (C-12),
41,58 (C-10), 27.72 (C-11), 21.16 (C-0). HRESI mjz: 414.2549 (M +1)
[(M + 1), CagHaz N5, 414.2658 cald.), tg — 1155 min.

54.1.10. Methylbis({3-[(5-methylquinolin-4-yl)aminofpropyl} Jamine
13. Yellow powder; 'H NMR (600 MHz, DMSQ) & (ppm): 8.26 (d,
J=52Hz, 2H, H-2), 7.66 {d, | = 8.5 Hz, 2H, H-8), 7.41 (d, | — 8.5 He,
2H, H-6), 718 (t, J=5.0Hz, 2H, H-7), 632 (d, J=5.3 Hz, 2H, H-3),
3.26(t, ] =6.5Hz,4H,H-10), 2.50(s, 3H, H-9), 2.47 (,f — 6.8 Hz, 4H,
H-12), 2.24 (s, 3H, H-13), 1.84 (p, ] —6.8 Hz, 4H, H-11). 13C NMR
(151 MHz, DMSO) 6 (ppm): 149.47 (C-2), 146.43 (C-4),132.97 (C-5),
130.56 (C-7), 128.85 (C-6), 120.46 (C-8), 98.01 (C-3), 55.46 (C-12),
41.86 (C-13), 4116 (C-10), 25.56 (C-11), 21.22 (C-9). HRESI m/z:
428.2901 (M +1)[(M +1), CagH34Ns, 428.2814 cald.), tp — 1156 min.

5.4.1.11. 5-Methyl-4-{10-(5-methylquinolin-4-yl )-1,4,7,10-tetraazade can -
1-ylJquinoline 14. Off-white powder; 'H NMR {600 MHz, DMSQ)
& (ppm): 8.30 (d, J = 5.3 Hz, 2H, H-2), 7.66 (d, / — 8.4 Hz, 2H, H-7),
742 (dd, J—8.5, 1.2Hz, 2H, H-8), 6.33 (d, J =5.3 Hz, 2H, H-3),
3.35-3.26 (4H, H-10), 2.62 (t,] — 6.6 Hz, 4H, H-11), 2.45 (s, 3H, H-9),
2.51-2.49 (2H, H-12). BC NMR (151 MHz, DMSO0) é (ppm): 14938
(C-2),146.64 (C4),133.00 (C-5), 130.48 {C-7), 128.74 (C-6),120.52
(C-8),98.25(C-3), 48.81(C-11), 47.36(C-12), 42.50 (C-10), 21.22 (C-
9). HRESI my/z: 429.2760 (M + 1) [(M + 1), CagH33Ng, 429.2767 cald.),
tg = 1158 min.

5.4.112. 5-Methyl-4-[12-(5-methylquinolin-4-yi)-1,5,8,12-tetraaza-
dodecan-1-yljquinoline 15. Off-yellow powder; '"H NMR (600 MHz,
DMSO0) é (ppm): 8.25 (d, J— 5.3 Hz, 2H, H-2), 7.61 (d, J— 8.5 Hz,
2H, H-7), 7.37 (dd, J = 8.6, 1.8 Hz, 2H, H-8), 7.29-7.26 (m, 2H, H-
6), 6.32 (d, ] =53 Hz, 2H, H-3), 3.27-3.18 (4H, H-10), 2.63-2.60
(m, 8H, H-12, H-13), 2.45 (s, 3H, H-9), 1.77-1.71 (q, J= 6.6 Hz,
4H, H-11). *C NMR (151 MHz, DMSO) § (ppm): 149.37 (C-2),
146.70 (C-4), 132.86 (C-5), 130.52 (C-7), 128.78 (C-6), 12045 (C-8),
97.93 (C-3), 49.21 {C-13), 47.63 (C-12), 41.36 (C-10), 27.96 (C-11),
21.20 (C-9). HRESI m|z: 457.3077 (M + 1) [(M + 1), CogHzsNg,
457.3080 cald.), tg = 1.149 min.

5.4.2. Synthesis of bispyrrolo[1,2a]quinoxalines

The bispyrrolo[1,2a]quinoxaline compounds 16 —-20 (Series 3) as
follows: A mixture of 6-chloropyrrolo[1,2a)quinoxaline 3 (5 g,
24 mmol) and polyamine (12 mmol, 0.5 equiv.) suspended in 35 ml
of DMF was dissolved upon heating in an oil bath at 130°C.
Potassium carbonate {K2C03) (3.8 g, 27 mmol) was added to the
mixture and heating with stirring was continued for 16 hours, After
completion, the mixture was allowed to cool to 50 °C and distilled
water (100 ml) was ad ded. The mixture was stirred until cooling to
room temperature. The product was extracted with heated
dichloromethane (3 = 100 ml), and the combined organic fractions
washed successivel y with distilled water (5 = 50 ml) to remove any
excess amine, The organic layer was dried owver MgS04 and the
solvent evaporated under reduced pressure. The residue was
redissolved in dichloromethane and purified by flash column
chromatography eluting successively with DCM:MeOH (9:1) and
EtQAC: DCM:MeOQH :NH40H (10:4:5:1) to afford target compounds,

5421 N-(2-{[24 {pyrrolo[1,2-a]quinoxalin-6-y[}amino))ethyl Jamino }
ethyl)pyrrolof1,2-a] quinoxalin-6-amine 16, Off-white powder; 'H
NMR (600 MHz, CDCl3) & (ppm): 7.72 (m, 2H, H-5), 7.64 (dd, 2H,
J =80, 13 Hz, 2H, H-9), 7.60 (dd, ] — 7.9, 1.5 Hz, 2H, H-2), 7.27—7.21
(td, ] =6.0,1.2 Hz, 2H, H-4), 719-712 (dt, | = 7.6, 14 Hz, 2H, H-3),
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6.64—6.63 (1, ] = 3 Hz, 2H, H-8), 661 (dd, J = 3.9, 12 Hz, 2H, H-7),
3.79(t, ] = 5.7 Hz, 4H, H-10), 3.02 (t, ] = 5.7 Hz, 4H, H-11). *C NMR
(151 MHz, CDCl3) é (ppm): 149.44 (C-6), 125.32 (C-3), 125.06 (C4),
122,70 (C-2), 119.36 (C-9), 114.31 (C-7), 113.30 (C-5), 112.27 (C-8),
48.66 (C-11), 40.16 (C-10). HRESI m/z: 436.2239 (M + 1) [(M + 1),
CagHz6N7, 436.2250 cald.), g — 1151 min.

54.2.2. N-(3-{[2+{pyrrolo[1,2-a]quinoxalin-6-y[Jamino e thyl Jamino)
propyl)pyriolo-[12a] quinoxalin-6-amine 17. Yellow powder; 'H
NMR (600 MHz, CDCl;) & (ppm): 7.75-7.69 (m, 2H, H-5, H-9), 7.55
(td, 2H, = 7.9, 1.3 Hz, H-4), 7.23-7.20 (m, 2H, H-2), 7.19-7.08 (m,
2H, H-3), 6.82 (t, ] = 3 Hz, 1H, H-8), 6.75 (m, 1H, H-7), 3.87 (t, 2H,
J=55Hz, H-10), 3.78 (1, 2H, J—62Hz, H-14), 3.03 (1, 2H,
J =59 Hz, H-12), 2.89 (t, 2H, [ - 6.1 Hz, H-13), 1.96 (q, 2H, | — 6.6,
H-11). ®C NMR (151 MHz, CDCl3) & (ppm): 125.35 {C-3), 125.03
(C-4), 122.88 (C-2), 119.33 (C-9), 114.37 (C-7), 113.19 (C-5), 112.65
(C-8), 48.98 (C-13), 47.20 (C-12), 3934 (C-14), 38.9 (C-10), 28.18
(C-11). HRESI m/z: 450.2400 (M + 1) [(M + 1), Ca7HagNy, 450.2406
cald.), tg = 1154 min.

5.4.2.3. N-(3-{[3-({pyrrolo[ 1,2-a Jguinoxalin-6-yl[} amino JpropylJamino)
propyl)pyriolo-{1,2a] quinoxalin-6-amine 18. Dark yellow powder;
TH NMR (600 MHz, CDCl3) 6 (ppm): 7.67 (m, 2H, H-5), 7.59 {dd,
J =75, 0.6 Hz, 2H, H-9), 7.55-7.47 (dd, | = 7.2, 0.6Hz, 2H, H-2),
7.20-717 (td, ] = 6.0, 1.2 Hz, 2H, H-4), 7.12—7.08 (td, ] — 7.2, 1.2 Hz,
2H, H-3), 6.62-6.58 (dd, J=9.2, 3.3 Hz, 2H, H-7), 658-6.57 (L,
J=3Hz, 2H, H-8), 3.73 (t, ] = 6.2 Hz, 4H, H-10), 2.73 (t, ] = 6.2 Hz,
4H, H-12), 1.87 (q, ] — 6.2 Hz, 4H, H-11). *C NMR (151 MHz, CDCl3)
6 (ppm): 14957 (C-10), 12518 (C-3), 125.04 (C-4), 12246 (C-2),
119.25 (C-9), 114.25 (C-7), 113.30 (C-5), 112.28 (C-8), 47.67 (C-12),
39.43 (C-10), 28.92 (C-11). HRESI m/z: 4642556 (M + 1) [(M + 1),
CagH3pN7, 464.2563 cald.), (g = 1.193 min.

54.2.4. Methylbis[3-({pyrrolof12-a]jquinoxalin-6-yljamine jpropyl]
amine 19. Dark brown powder: "H NMR (600 MHz, CDCl3) é {ppm):
7.71 (m, 2H, H-5), 764 (dd, ] = 8.1, 0.8 Hz, 2H, H-9), 7.60 (dd, ] — 8.0,
1.1 Hz, 2H, H-2), 7.25 (dt, J= 7.0, 5.3 Hz, 2H, H-4), 7.18—7.14 (dt,
J=72,12Hz,2H,H-3),6.63-6.61 (,] = 2.4 Hz, 2H, H-8), 6.59-6.57
(dd, ] 3.6,0.6 Hz, 2H, H-7), 3.75 (4H, H-10), 261 (t, ] = 6.5 Hz, 4H,
H-12), 2.37 (s, 3H, H-13), 1.94 {q, | — 6.5 Hz, 4H, H-11). *C NMR
(151 MHz, CDCly) é (ppm): 125.13 (C-3), 124.97 (C-4), 122.50 (C-2),
119.71 (C-9), 11413 (C-7), 113.30 (C-5), 11216 (C-8), 56,61 (C-12),
42.09 (C-13},40.16 (C-10), 26.13 (C-11). HRESI m/z: 478.2712 (M + 1)
[(M + 1), CogH3zNy, 478.2719 cald.), tg — 1.157 min.

5.4.2.5. 1,10-Bis{ {pyrrolof 1.2-aJquinoxalin-6-y})-14,7, 10-tetraazadecane
20. Off-white powder; "H NMR (600 MHz, CDCls) 4 {ppm): 7.51-7,50
(dd, 2H, H-5), 749748 (dd, | — 8.9, 1.1 Hz, H-9), 718-7.14 (td, | - 79,
1.2 Hz, 2H, H-4), 703—-7.00 (dd, J — 3.8, 1.4 Hz, 2H, H-2), 6.99-6.96 (td,
J =72, 12 Hz, 2H, H-3) 6.77 (dd, J=80, 11 Hz, 2H, H-7), 655 (t,
J=33Hz, 2H, H-8), 417-4.5 (t, ] = 9.8 Hz, 2H, H-12), 3.95-3.92 (t,
] = 9.5 Hz, 4H, H-10, H-11), ®C NMR (151 MHz, CDCl) & (ppm): 123.40
(C-3),120.34 (C-4), 120.20 (C-2), 116,04 (C-9), 113.95 (C-7), 112,93 (C-5),
11274 (C-8), 53.32 (C-11), 53.18 (C-12), 45.74 (C-10), tg— 1151 min.

5.4.3. Physicochemical properties

5.4.3.1. Aqueous solubility. The aqueous solubility values (Sw) of
compounds 4-20 were determined in phosphate buffer (PBS) at
pH 5.5. Each compound was added in excess to the PBS and the
suspensions were stirred in a water bath at 37°C for 24 h. An
excess of solute was present at all times to provide saturated
solutions, After 24 h the solution was filtered and analysed directly
by HPLC to determine the concentration of solute dissolved in the
buffer. The experiment was performed in triplicate for each
compound.

5.4.3.2. Experimental logD. Equal volumes of n-octanol and PBS
(pH 5.5) were saturated with each other under vigorous stirring for
48 h. An accurately weighed amount (2 mg) of each compound was
dissolved in 0.75 ml of pre-saturated n-octanol. The solution was
then agitated for 10 min in 2 ml graduated tubes (0.5 ml division).
Pre-saturated buffer (0.75 ml) was transferred to the tubes con-
taining the above-mentioned solutions. The tubes were then
agitated for 45 min and centrifuged at 4000 rpm {1503 g) for
30 min. The n-octanol and aqueous phases were allowed to sepa-
rate at room temperature for 5 min, after which their volume ratio
(v/v) were determined. The ratio was found in all cases to be 1. The
different phases were diluted with methanol and analysed by HPLC.
The concentrations of the derivative in both phases were deter-
mined. The log D values were calculated as logarithmic ratios of the
concentrations in the n-octanol phase to the concentrations in the
PBS buffer., The experiment was performed in triplicate for each
compound.

5.4.4. Biological study
5441 In vitro antimalarial activity. The samples were tested in
triplicate on one occasion against chloroquine-sensitive (CQS) D10
and chloroquine-resistant (CQR) Dd2 strains of P falciparum.
Continuous in vitro cultures of asexual erythrocyte stages of
P falciparum were maintained using a modified method of Trager
and Jensen [33]. The quantitative assessment of in vitro antimalarial
activity was determined via the parasite lactate dehydrogenase
assay using a modified method described by Makler et al. [34]. The
test samples were prepared from a 20 mg/ml stock solution in 10%
dimethylsulfoxide (DMS0) and sonicated to enhance solubility.
Samples were tested as a suspension if not completely dissolved.
Stock solutions were stored at —20°C. Further dilutions were done
on the day of the experiment. Chloroquine {CQ) was used as the
reference drug in all experiments, A full dose—response was per-
formed for all compounds to determine the concentration inhibit-
ing 50% of parasite growth (ICsp value). The bisquinolines 4-15
samples were tested at a starting concentration of 100 ng/ml,
which was then serially diluted 2-fold in complete medium to give
10 concentrations; with the lowest concentration being 0.2 ng/ml.
The same dilution technique was used for all samples. Chloroquine
(CQ1) was tested at a starting concentration of 100 ng/ml and used
as a reference drug for bisquinoline compounds 4-15. Samples that
did not show activity at the initial screen were retested at a starting
concentration of either 1000 ng/m! or 100 pg/ml.

The bispyrrolo[1,2a]quinoxalines 16—20 samples were tested at
a starting concentration of 1000 ng/ml, which was then serially
diluted 2-fold in complete medium to give 10 concentrations; with
the lowest concentration being 2 ng/ml. The same dilution tech-
nique was used for all samples. Chloroquine (CQ2) was used as
areference for bispyrrolo[1,2a]quinoxaline compounds 16—20, and
tested at a starting concentration of 100 ng/ml against the CQS
strain and 1000 ng/ml against the CQR strain. The sample of
compound 17 was tested at a starting concentration of 10 pg/ml
against the CQR strain. The 1C5p values were obtained using a non-
linear dose—response curve fitting analysis via GraphPad Prism
v.4.0 software.

5442, Cyltotoxicity assay. The MTT assay is used as a colorimetric
assay for cellular growth and survival, and compares well with
other available assays [35,36]. Mammalian cell line, Chinese
Hamster Ovarian (CHO) cells were treated with the compounds,
and MTT assay was used to measure all growth and chemo-
sensitivity. The test samples were tested in triplicate on one occa-
sion. The same stock solutions were used for both tests and
dilutions were prepared on the day of the experiment. Emetine
(EM1) was used as the reference drug for the bisquinoline series
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4-15 and EM2 was the reference drug for the bispyrrolo[1,2a]qui-
noxaline series 16—20. The initial concentration of emetine was
100 pgfml, which was serially diluted in complete mediumwith 10-
fold dilutions to give six concentrations, the lowest being 0.001 pg/
ml. The same dilution technique was applied to the all test samples.
The highest concentration of solvent to which the cells were
exposed to had no measurable effect on the cell viability. The 50%
inhibitory concentration values {ICsg value) were obtained from full
dose—response curves, using a non-linear dose—response curve
fitting analysis via GraphPad Prism v.4 software.

5.4.4.3. In vitro anticancer activity. The growth inhibitory effects of
the compounds were assessed in a panel of three cell lines, rec-
ommended by the National Cancer Institute (NCI) for preliminary
screens, using a sulforhodamine B (SRB) assay [37]. The panel
consists of TK10 (renal), UACCE2 (melanoma) and MCF7 ( breast)
cancer cells. The SRB assay was developed to measure drug-
induced cytotoxicity and cell proliferation. Its principle is based
on the ability of the protein dye sulforhodamine B (Acid Red 52) to
bind electrostatically in a pH-dependent manner to protein basic
amino acid residues of trichloroacetic acid-fixed cells. Under mild
acidic conditions sulforhodamine B binds to the fixed cellular
protein, while under mild basic conditions it can be extracted from
cells and solubilised for measurement. The SRB Assay is performed
at CSIR in accordance with the protocol of the Drug Evaluation
Branch of the (NCI).

The human cell lines TK10, UACC62 and MCF7 was obtained
from NCI in the framework of a collaborative research program
between CSIR and NCL Cell lines were routinely maintained as
monolayer cell cultures culture at 37 °C, 5% CO5, 95% air and 100%
relative humidity in RPMI containing 5% fetal bovine serum, 2 mM
L-glutamine and 50 pg/ml gentamicin. For the screening experi-
ment, the cells (3-19 passages) were inoculated in 96-well
microtiter plates at plating densities of 7—10,000 cells/well and
were incubated for 24 h. Afterwards, one plate was fixed with TCA
to represent a measurement of the cell population for each cell line
at the time of drug addition (TQ). The other plates with cells were
treated with the experimental compounds which were previously
dissolved in dimethylsulfoxide (DMS0) and diluted in medium to
produce five concentrations (6.25-100 pg/ml or 0.01-100 pM).
Cells without drug served as control. The blank contains complete
medium without cells. Etoposide (ET) was used as a reference. The
plates were incubated for 48 h after addition of the compounds.
Viable cells were fixed to the bottom of each well with cold 50%
trichloroacetic acid, washed, dried and dyed by SRB. Unbound dye
was removed and protein-bound dye was extracted with 10 mM
Tris base for optical density determination at the wavelength
540 nm using a multiwell spectrophotometer. Optical density
measurements were used to calculate the net percentage cell
growth.

The optical density of the test well after 48 h period of exposure
to test drug is Tj, the optical density at time zero is TO, and the
control optical density is C. Percentage cell growth is calculated as:
[[Ti—Tp)/(C—Ty)] x 100 for concentrations at which T;=Tg,
[{T; = Tp)/To] = 100 for concentrations at which T; < Tp.

The results of five dose screening were reported as TGI (total
growth inhibition). The TGI is the concentration of test drug where
100 = (T — Ty)/(C — Ty) = 0. The TGI signifies a cytostatic effect. The
biological activities were separated into four categories: inactive
(TGl =50 pg/ml  or TGl=100pM), weak activity (15 pg/
ml = TGl < 50 pg/ml or 30 uM < TGl < 100 pM), moderate activity
(6.25 pg/ml < TGl < 15 pgfml or 10 uM < TGl < 30 uM and potent
activity (TGl<6.25pg/ml or TGl=10pM). For each tested
compound, four response parameters, Glsg (50% growth inhibition
and signifies the growth inhibitory power of the test agent), TGI

(which is the drug concentration resulting in total growth inhibi-
tion and signifies the cytostatic effect of the test agent), LCsp (50%
lethal concentration and signifies the cytotoxic effect of the test
agent), LCqpp (100% lethal concentration and signifies the cytotoxic
effect of the test agent), were calculated for each cell line.

5.4.5. Statistical analysis

The following statistical procedures were used to test if there
were significant differences between the mean ICsp values of the
compounds 4-20 and the standard CQ. This was done for both the
D10 and Dd2 strains. One-way analyses of variances [ANCVA) were
done to determine if significant differences existed between the
means of the tested compounds and CQ in general. These were
done for data on both D10 and Dd2 strains. Levene's tests were
performed to assure equality of variances in each ANOVA's case. In
the case of inequality of variances, Welch tests were performed.
Normal probability plots on the residuals were done to assure that
the data were fairly normally distributed [38]. Dunnett's tests were
done to determine which of the tested compounds’ means differ
statistically significantly from the mean of the standard compound.
To walidate the results of the ANOVAS and Dunnett's tests, non-
parametric procedures like Kruskal-Wallis and Dunn tests were
done, respectively. These procedures were done using the statis-
tical data analysis software system [39]. All tests were done at
a 0.05 significant level.
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