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Abstract

A one-pot synthesis of some novel bis-quinolines has been achieved under phase transfer catalyzed conditions using 8-hydroxy quinoline
derivatives as substrates. The synthesized analogues were evaluated for antileishmanial activity against Leishmania donovani promastigotes
and amastigotes. The entire bis-quinolines showed efficacy in both in vitro and in vivo studies. Compound 5 (1,1-bis-[(5-chloro-8-quinolyl)oxy]
methane) exhibited the most significant activity. Compounds 4 (1,1-bis-[(8-quinolyl)oxy]methane) and 9 (1,5-bis-[(2-methyl-8-quinolyl)oxy]
pentane) also demonstrated significant leishmanicidal efficacy against established visceral leishmaniasis in BALB/c model. Ultrastructural stud-
ies of promastigotes treated with compound 5, demonstrated membrane blebbing, chromatin condensation and vacuolization in the parasites and
the flagellated parasites became round shaped after treatment. Moreover, in vitro antibacterial activity of compound 5 against several bacterial
strains revealed its promising efficacy. The findings suggested that 1,1-bis-[(5-chloro-8-quinolyl)oxy]methane (5) is a bright candidate to be
considered as lead compound for leishmanicidal drug.
© 2008 Elsevier Masson SAS. All rights reserved.
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1. Introduction of human immunodeficiency virus (HIV) with leishmaniasis

has worsened the incidence more and more and contributed

Leishmaniasis, a group of tropical diseases is caused by
a number of species of protozoan parasites belonging to the
genus leishmania [1]. These unicellular organisms present
a spectrum of diseases ranging from benign cutaneous lesions
through the disfiguring mucocutaneous forms to the fatal vis-
ceralizing form, often ending in death if treatment is not pro-
vided [2]. The disease currently threatens about 350 million
people in 88 countries around the globe, with 2 million new
cases affected annually [3]. In recent years, the co-existence
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a new profile to the disease [4,5]. Its devastating impact is
exemplified by the epidemic that occurred in the 1990s in
Sudan [6] reminds that the discovery of effective drug for
the radical cure of leishmaniasis still remains as one of the
last unconquered frontiers in drug discovery.

Chemotherapy of leishmaniasis has been based on the pen-
tavalent antimonials, sodium stibogluconate (pentostam) and
meglumine antimonite (glucantime), since their discovery in
1940s [7]. These drugs contain multiple uncharacterized
molecular structures with variable efficacies, possess severe
side effects and require lengthy treatments with parenteral
administration under medical supervision [8]. Also, reports
of unresponsiveness to antimony treatment have become
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frequent [7,8]. Second line of drugs amphotericine B, a poly-
ene anti-fungal agent, and pentamidine, an aromatic derivative
of diamidine, are being used in the treatment of visceral leish-
maniasis cases that do not respond to the antimonials. But the
efficacies of amphotericine B and pentamidine are inextricably
intertwined with their various toxic effects like cardiac abnor-
malities, hypotension, dysglycemia and renal disfunction [9].
Miltefosine, an oral alkyl phospholipid, has shown promising
results in the treatment of visceral leishmaniasis during phase
III trial [10,11]. However, reports of its severe side effects are
also emerging in some cases [12]. Briefly, they all suffer from
limitations of cost, specific toxicities, parenteral administra-
tion, emergence and spread of drug resistance or extended
treatment regimens. Therefore, there is an urgent need for
the development of improved treatments for leishmaniasis
that are safe, inexpensive and easily available to the patients.

The quinolines are prevalent in a wide variety of biologi-
cally active compounds. Naturally occurring quinoline ana-
logues [13] were well known for their anti-protozoal activity.
Earlier reports suggested that several compounds containing
quinoline moiety has shown leishmanicidal activity [14—20].
We earlier reported a successful synthesis of indolylquinoline
[21] and anilidoquinoline analogues [22], which exhibited
encouraging antileishmanial activity in both in vitro and in
vivo studies. As part of our continued search for newer anti-
leishmanial compounds, we contemplated that pentamidine
type molecules, prepared with quinoline nuclei may exploit
new class of antileishmanial agents. We confined our approach
to short preparation strategies using cheaper reagents, which
may be amenable for future exploitations as multi-step synthe-
sis are seldom viable for commercialization. Phase transfer
catalyzed reactions particularly appealed to us for the prepara-
tion of the desired product. We employed 8-hydroxy quinoline
(1), and its 5-chloro (2), and 2-methyl (3) analogues as model
substrates and 1,w-dihalo derivatives of methane, ethane, pro-
pane, butane and pentane as solvent cum reactant. The reac-
tions were carried out using catalytic amounts of
commercially available quaternary ammonium halide as PTC
in the presence of an inorganic base. In the present investiga-
tion, we report the in vitro and in vivo evaluation of some bis-
quinolines and one oxazinoquinolone analogue against
Leishmania donovani, a causative agent of visceral leishman-
iasis (VL) besides the in vitro antibacterial evaluation of bis-
quinoline derivative (5).

2. Results and discussion
2.1. Chemistry

Initially, dichloromethane was reacted with 1—3 in 10%
sodium hydroxide solution in the presence of tetrabutyl ammo-
nium bromide by constant stirring at ambient temperature. The
reaction time varied from 24 to 48 h (monitored by TLC). In all
cases, the products (4—6) were formed in good yield and mono-
ethers were not obtained. To test the generality of the method we
treated 2-methyl-8-hydroxy quinoline (3) with 1,w-dihalo de-
rivatives of ethane, propane, butane and pentane. The last three

reagents indeed produced binuclear compounds of our choice,
1,3-bis-[(2-methyl-8-quinolyl)oxy]propane (7), 1,4-bis-[(2-
methyl-8-quinolyl)oxy]butane (8) and 1,5-bis-[(2-methyl-8-
quinolyl)oxy]pentane (9) (Fig. 1). The reaction products were
characterized from their IR, '"H NMR and '*C NMR and mass
spectral analysis. The assignments of '°C signals were made
from their chemical shifts, DEPT studies and comparison of
their shift data with those of similar compounds and compounds
4—9 appear to be new. But the reaction of 3 with 1,w-dihalo eth-
ane produced an interesting oxazinoquinolone (10) rather than
the di-ethers. The other two substrates viz. 1 yielded 10 and 2
produced very small amount of similar tricyclic oxazinoquino-
lones. Although synthesis of 10 has been reported earlier [23]
no bio-evaluation has yet been reported.

2.2. Antileishmanial activity

To determine whether any of the synthesized compounds
4—10 had any effect on the promastigotes of L. donovani,
graded concentrations of these derivatives (dissolved in
DMSO) were added to the promastigote culture individually.
DMSO had no effect on the growth of L. donovani promasti-
gotes at a final concentration of 0.1% (v/v). After treatment
with these compounds, antileishmanial efficacy against pro-
mastigotes was evaluated through inhibition of MTT reduction
assay. The results were expressed as ICsq values of the com-
pounds and summarized in Table 1. The data reveals that
50% lethal concentrations of compounds 5, 4, and 9 against
promastigotes are 2, 2.4, and 2.8 pg/ml, respectively, which
appeared to be very promising. Similar to promastigotes, the
leishmancidal efficacy against intracellular amastigotes of
these bis-quinolines and oxyzinoquinolone analogues are
also quite encouraging. The data (Table 1) entails that the
ICs( value of the analogues 4, 5, 8, and 9 against intracellular
amastigotes is appreciably significant. However, all the com-
pounds elicited antileishmanial activity in a dose-dependent
manner. The in vitro results against both forms of the parasite
suggested that compound 5 is almost equally effective like
pentamidine in killing the parasites but less effective in com-
parison to amphotericin B. The macrophage toxic dose and
RBC lytic dose (data not shown) of the tested compounds
are much higher than the killing dose against parasites. Hence,
the ICsg and ICy, doses of tested compounds against parasites
are safe and devoid of toxicity towards the normal mammalian
cells.
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Table 1
Antileishmanial activity and cytotoxicity towards macrophages of compounds
4—10 and reference drugs pentamidine and amphotericin B

Compounds ICso (png/ml) against  ICso (ug/ml) against MTD?*
promastigotes amastigotes (ng/ml)
4 2.4 2.3 >85
5 2.0 2.1 >80
6 34 2.9 >100
7 13.5 10 >200
8 32 2.7 >90
9 2.8 2.4 >85
10 16.5 14.0 >220
Pentamidine 2.1 2.8 >90
Amphotericitin B 0.16 0.1 >4

# MTD are the compound concentrations that destroy the host murine
peritoneal macrophages, indicate the toxic dose.

The encouraging results appeared from the in vitro studies
of compound 4—6, 8, and 9 prompted us to investigate the
antileishmanial activity in established visceral leishmaniasis
on BALB/c mice model through intraperitoneal
administration.

BALB/c mice were infected with L. donovani as described
[22]. After one month, groups of 4 mice were treated with
PBS (phosphate-buffered saline), SAG (sodium antimony
gluconate) or compound 4—6, 8, and 9 (intraperitoneally).
The parasite load in the spleen and in the liver was

determined as described [21]. The treatment led to significant
reduction of parasite burden in spleen 95% (P < 0.0001) and
75% (P < 0.0001) and in liver 98.49% (P < 0.0001) and 78%
(P < 0.0001), compared to untreated controls, 30 days post-
intraperitoneal treatment with 5§ at a dose of 12.5 and
5.5 mg/kg body weight, respectively (Fig. 2). Compounds
4, 9 and 8 had also rendered appreciable results by reducing
89, 82 and 73.5% splenic and 92, 88.5 and 78% liver parasite
load, respectively, in experimental mice. Dose of 250-mg/kg
body weight of SAG was able to reduce the parasite burden
from spleen and liver only by 57% and 60%, respectively.
Hence, both the doses of compound 5, 4 and 9 were much
more effective compared to the standard drug sodium anti-
mony gluconate (20- and 45-fold higher than the two doses
of 5) and other bis-quinoline analogues in eradicating the
parasite load from the spleen and liver. Moreover, treatment
with 5, 4 and 9 showed significant decrease in weights of the
spleen and liver too, compared to untreated -controls
(Table 2).

To check the liver and kidney function, the specific serum
enzyme and blood urea levels of normal mice receiving treat-
ment with § were analyzed and the results are shown in Fig. 3.

The levels of both SGPT and SGOT in mice upon receiving
compound 5 approach almost normal values with respect to
untreated control. Blood urea level after treatment with com-
pound 5 is within the normal acceptable range. It was evident

Fig. 2. Electron microscopic analysis of L. donovani AG83 cells treated with 0.1% DMSO alone, ICso and ICy, doses of compound 5 for 2 h. (A) and (B) Control
cells treated with 0.1% DMSO alone, (C) cells treated with ICs, (2 pg/ml) of 5 for 2 h, (D) cells treated with ICoq (11.5 pg/ml) of 5 for 2 h. (A) and (B) Control
promastigotes, note the elongated body and the normal aspect of the intracellular organelles (KD, kinetoplast; F, flagellum; N, nucleus; M, mitochondria), (C) ICs,
of compound 5 induced formation of vacuolization (V) and alterations at the plasma membrane and fragmented nuclei (FN) were observed, (D) parasites treated
with 1Cyy showed total collapse of the intracellular organelles and presence of granules prior to cell death.
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Table 2
Effect of compounds 4—6, 8 and 9 on weight of spleen and liver after one-
month intraperitoneal treatment

Compound  Dose Spleen wt Liver wt
(mg/kg body wt) (mg) after treatment (mg) after treatment
(£S.E.) (£S.E.)
Untreated - 480 £+ 25 1650 £ 45
infected
control
4 12.5 110 + 13.6%%* 980 £ 61***
5 55 175 &+ 12%%* 1120 £ 32%**
5 12.5 90 + 8#** 900 £ 45%**
6 12.5 232 + 24k 1205 + 34.7%#%*
8 12.5 190 + 25%** 1125 £ 17%**
9 12.5 135 + 345 1020 £ 41%***
Sodium 250 298 + 10%** 1257 £ 24%**
antimony
gluconate

Statistical significance compared to untreated mice is indicated as follows:
*#%P < 0.0001 significant versus untreated controls (analyzed by unpaired
student r-test). Values are means =+ standard error of results for 5 mice.

that the values of serum enzyme levels of treated mice are
almost lower than the untreated normal mice. The results
revealed that compound 5 is non-toxic to kidney and liver
up to a dose of 12.5 mg/kg body weight intraperitoneally
(Fig. 4). Furthermore, the investigation of antibacterial screen-
ing data revealed that the tested compound S showed moderate
to good bacterial inhibition (Table 3). The results revealed that
one strain of Staphylococcus aureus could be inhibited at 5 pg/
ml concentration of the compound while the other strain of S.
aureus failed to grow at 10 pg/ml concentration. Shigella
dysenteriae 7 NCTC 519/66 and Vibrio cholerae 569B had
the MIC of the compound 20 pg/ml level, while all the other
bacteria were totally inhibited at 50 pg/ml dose.
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To identify the mode of action of the compound on the par-
asites, the transmission electron microscopy (TEM) study was
carried out with both treated promastigotes (with 5) and
untreated promastigotes. The intracellular damage caused by
the compound on L. donovani promastigotes after a short-
term incubation (Fig. 2) revealed the ultrastructural
modifications of the parasites. The images clearly exhibit
dose-dependent damage, with most significant changes with
EDgy doses compared to controls. After 2h of incubation
(Fig. 2C), compound 5 at ICsy dose induced an enlargement
of the kinetoplast and a considerable enhancement in the num-
ber of lipid granules and vacuoles. After the same period of
incubation (Fig. 2D), initial changes in promastigotes were
observed as an increase in the number of vacuoles and lipid
granules, membrane blebbing, which were much more pro-
nounced at ICyq dose of 5.

It is well documented that macrophages are the major target
cells for antileishmanial therapy because they are critical for
the clearance of intracellular parasites via the production of
cytokines and generation of reactive nitrogen oxide metabo-
lites [25,26]. Therefore, it was of interest to analyze the pro-
duction of pro-inflammatory cytokines by macrophages
treated with different bis-quinoline analogues in the present
study. Surprisingly, while exposure of L. donovani infected
macrophages to compounds 4—10 alone did not cause signif-
icant changes in the levels of interleukin (IL)-1fB, IL-6 and
tumor necrosis factor-o. (TNF-a), these compounds strongly
down-regulated the release of IL-6 and TNF-a in response
to bacterial lipo-polysaccharide or the cytokine interferon-vy,
two types of macrophage stimulators (data not shown). More-
over, compounds 4—10 did not induce the production of nitric
oxide by infected macrophages (data not shown). Together,
these findings strongly reveal that the significant decrease in

- Spleen
Liver

Fig. 3. Antileishmanial activity of compounds 4—6, 8 and 9 in vivo against established VL infection by L. donovani AG83 in BALB/c mice. One-month post-
infection, infected mice were treated with compound 5, intraperitoneally at a dose of 5.5 and 12.5 mg/kg body weight and compounds 4, 6, 8 and 9 at
12.5 mg/kg body weight in 0.2% Tween 80 in PBS (0.02 M), two times weekly for one month. Another group of mice were treated with standard antileishmanial
drug sodium antimony gluconate at a dose of 250 mg/kg body weight intraperitoneally two times weekly for one month. Control untreated group received only
0.2% Tween 80 in PBS (0.02 M). Mice were sacrificed 4 weeks post-treatment. Levels of parasite burden in spleen and liver were counted from impression smears
after Giemsa staining and expressed as the total parasite load per organ, using the formula (organ weight in mg x the number of amastigotes per cell

nucleus x 2 x 10%). Values represent the mean & S.E. of 5 animals.
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Fig. 4. Specific enzyme levels in sera of normal mice with and without treat-
ment after therapeutic dose at 5.5 and 12.5 mg/kg body weight of compound 5.
Enzyme assays were performed using the kits from Dr. Reddy’s Laboratories
following the manufacturer’s instructions. SGPT and SGOT activities were ex-
pressed as IU/1. Blood urea was expressed as mg/dl. Animal received indicated
treatment for two times per week for 4 weeks, and bloods were collected one-
month post-treatment for estimation of serum enzymes. Data represents mean
+ S.E. of 4 animals per group.

macrophage infection rate induced by bis-quinolines are based
on direct effect of the compounds on the intracellular parasites
and emphasize the importance of examining the mechanism of
action of drug candidates. We presume an apoptosis-like death
pathway might be the possible mode of action of such type of
bis-quinoline-like compounds.

The structural features of the tested compounds 4—10
(Fig. 1) revealed that the presence of functional group in the
bis-quinolines as well as the length of hydrophobic chain in
the ether bridge between quinoline moieties might have played
a pivotal role regarding their efficacy. It was presumed that
hydrophobic chain length in the ether bridge between quinoline
moieties will play a vital role as in pentamidine but our obser-
vation from in vivo investigation of all compounds suggest that
presence of a halogen substituent showed more importance
than the hydrophobic chain length as evidenced by compounds
5 and 4. The absence of halogen group (chlorine) in compound
4 has rendered less activity of this bis-quinoline derivative
compared to compound 5 on visceral leishmanisis. On the other
hand the activity of compound 4 is higher than 9, 8 and 6 where
elongated hydrophobic chain is present in the ether bridge
between quinoline moieties along with a methyl substitution
at 2-position of quinolines. However, from the experimental
evidences taken together it may be concluded that compound
S might be a new agent for sole or conjunctive therapy of leish-
maniasis with minimal toxicity.

3. Conclusion

We have synthesized and evaluated a series of bis-quinoline
analogues and one oxazinoquinoline derivative. To our knowl-
edge, this is the first report of bis-quinoline derivatives, as
potential antileishmanial agents, which were effectual

Table 3
In vitro antibacterial activity of compound 5 against different bacterial strains

Bacterial strains Concentrations of compound 5 (pg/ml)

0 5 10 25 50 MIC
S. aureus ML6 + + — — _ 10
S. aureus ML 145 + — — - — 5
B. licheniformis NCTC 10341 + + + + - 50
S. typhimurium NCTC 74 + + + + — 50
S. dysenteriae 6 NCTC 100/54 + + + + — 50
S. dysenteriae 7T NCTC 519/66 + + - — - 10
E. coli K12 Row + + + + - 50
E. coli ATCC 25938 + + + + - 50
V. cholerae 569 B + + + - - 25
V. cholerae 582 + — — — — 5
P. mirabilis 7 + + + + - 50
P. mirabilis 175 + + + + — 50
P. aeruginosa ATCC 27853 + + + - - 25
0, Control plate without compound (dimethyl sulphoxide as vehicle); -+,

growth; —, no growth (100% inhibition). MIC (pg/ml) = minimum inhibitory
concentration, i.e., lowest concentration of compound that completely inhibits
the growth of bacteria.

intraperitoneally for the reduction of parasite burden of
L. donovani infected BALB/c mice without showing any toxic
manifestation. As far as the in vitro antileishmanial screening
results are concerned only compounds 4, 5, 8, and 9 displayed
profound activity against L. donovani AG83, compound 5
showed maximum efficacy against parasite growth in vitro
and in vivo. Ultra-structure study of treated parasite showed
certain morphological changes, which is the sign of pro-
grammed cell death. At the late stage of apoptosis, the plasma
membrane blebs and pinches off to form apoptotic bodies
(Fig. 2D). The flagellated promastigotes become round shaped
with an increase in vacuoles and lipid bodies. Similar to our
study there are reports on Sitamaquine, an 8-amino-quinoline
analogue, that induces fine structural alterations in Leishmania
tropica within human macrophages [27], rapid collapse of the
mitochondrial inner membrane potential of L. donovani pro-
mastigotes [28] and, promotes a fast and extensive alkaliniza-
tion of the L. donovani acidocalcisomes [29]. Few quinolines
(imidazo-quinolinamines) such as imiquimod have also been
demonstrated to be potent inducers of alpha interferon and
cytokines in both in vitro and in vivo experiments [30]. This
will help us to elucidate in detailed mechanism of action of
these bis-quinoline derivatives against parasites in future
study. Furthermore, in vitro antibacterial activity displayed
by compound 5 was satisfactory. We exhibited in this investi-
gation that bis-quinoline derivative (compound 5) showed
remarkable activity considering the structure activity relation-
ship against L. donovani both in vitro and in vivo in pharma-
cologically relevant doses with a higher therapeutic index,
without showing any adverse effect.

4. Experimental protocols
4.1. Compound preparation and characterization

All the compounds (Fig. 1) evaluated in this work were
synthesized in one-pot sequences. Melting points were
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determined in capillaries and are uncorrected. IR spectra were
recorded as KBr pellets using a JASCO 410 FTIR spectrome-
ter. The NMR spectra were recorded using a BRUKER 300
DPX spectrometer operating at 300 MHz for 'H and
75 MHz for '°C, respectively, in CDCl; with TMS as internal
standard. Mass spectra (positive mode) were obtained on
a Micromass Q-TOF micro™ spectrometer in the electro spray
mode. Column chromatography was performed on silica gel
60 (E. Merck India Ltd., Mumbai). TLC was performed on
Merck 60F,s4 pre-coated silica gel 60 plates. Compounds
were visualized with UV light or on heating after spraying
L.B. reagent as developing agent.

The synthesis, characterization and plausible mechanism of
formation of oxazinoquinolone (10) has recently been
described from our laboratory [23]. Synthetic details and char-
acterization of bis-quinolines (4—9) are stated below.

4.2. General procedure

Appropriate amounts (0.02, 0.025 or 0.03 mol) of 8-
hydroxy quinoline (1), its 5-chloro (2), and 2-methyl deriva-
tives were dissolved in ~ 10 ml of the chlorinated solvent
(dichloromethane, or 1,w-dichloro derivatives of ethane, pro-
pane, butane and pentane). Aqueous NaOH solution (10%,
50 ml) was added to the solution at ambient temperature fol-
lowed by 1 mmol of tetrabutyl ammonium bromide. The mix-
ture was stirred continuously for 24—48 h. After completion of
the reaction (monitored by TLC), the contents were transferred
to a separating funnel and the organic layer was separated,
washed free from alkali with water, dried over anhydrous mag-
nesium sulphate and evaporated to dryness under reduced
pressure. The residue was chromatographed over silica gel
(E. Merck) using petroleum ether (60—80 °C) and chloroform
in different ratios.

4.2.1. 1,1-Bis-[(8-quinolyl)oxy]methane (4)

Following the general procedure described above the prod-
uct 4 was obtained from 1 (0.02 mol) and dichloromethane
(0.1 mol) in 42% yield and crystallized from CH,Cl,—hexane
as fine needles, mp 119 °C; IR: v« (cm™ ") 3180, 3136, 3103,
2949, 2766, 1743, 1621, 1564, 1420, 1385, 1272 and1231;
MS: m/z (%) 325 [M+ Na, 100]"; 'H NMR: 6 6.37 (s, 2H,
—O0—CH,—0—), 743 (m, 6H, H-3, 3, 6, 6, 7, 7), 7.81
(dd, 2H, J=3.6, 5.4 Hz, H-5, 5'), 8.12 (m, 2H, H-4, 4'),
8.96 (m, 2H, H-2, 2'); '*C NMR: 6 93.1 (t, —O—CH,—0—),
114.0 (d, C-7, 7)), 121.5 (d, C-5, 5'), 121.8 (d, C-3, 3,
126.7 (d, C-6, 6'), 129.5 (s, C-4a, 4a), 1354 (d, C-4, 4),
142.4 (s, C-8a, 8'a), 149.6 (d, C-2, 2') and 152.7 (s, C-8, 8").
(Anal. Found: C, 75.44; H, 4.70; N, 9.23; C;oH4N,0,
requires C, 75.48; H, 4.67; N, 9.27).

4.2.2. 1,1-Bis-[(5-chloro-8-quinolyl)oxy]methane (5)
Following the same procedure, 5 was obtained from 2
(0.02 mol) and dichloromethane (0.1 mol). Crystallization
from benzene—hexane gave needle-like crystals (yield 37%),
mp 236 °C; IR: vy (cm™') 3060, 1589, 1499, 1465, 1363,
1311, 1230, 1119, 1083, 975, 930, 825, and 782; MS: m/z

(%) 395 (IM +Na]™ CI*?, 33), 395 (IM + Na]™ CI’>, 100);
'"H NMR: 6 6.33 (s, 2H, —O—CH,—0—), 7.54 (m, 4H, H-3,
3,6, 6), 7.68 (m, 2H, H-7, 7'), 8.53 (d, J = 8.4 Hz, 2H, H-4,
4'), 8.99 (m, 2H, H-2, 2); '*C NMR: 6 93.1 (t, —O—CH,
—0-), 113.9 (d, C-7, C-7'), 122.3 (d, C-3, 3'), 124.7 (s, C-4a,
4'a), 126.5 (d, C-6, 6/), 127.1 (s, C-5, 5), 133.1 (d, C-4, 4"),
140.9 (s, C-8a, 8'a), 150.1 (d, C-2, 2') and 151.6 (s, C-8, 8).
(Anal. Found: C, 61.44; H, 3.25; N, 7.58; C;oH,Cl, N,O,
requires C, 61.47; H, 3.26; N, 7.55).

4.2.3. 1,1-Bis-[(2-methyl-8-quinolyl)oxy]methane (6)

The product 6 (yield 40%) obtained from 3 (0.025 mol) and
dichloromethane (0.1 mol) following the same procedure and
crystallization from CH,Cl,—hexane had mp 110 °C; IR:
Vmax (cm ') 3364, 3062, 2922, 1604, 1565, 1505, 1474,
1233, 1081, 993 and 837; MS: m/z 331 ((M+H]"); 'H
NMR: 6 2.77 (s, 6H, 2 x CH3), 6.36 (s, 2H, —O—CH,—0-),
7.28 (d, J = 8.4 Hz, 2H, H-3, 3), 7.42 (m, 4H, H-6, ¢, 7, 7'),
7.73 (dd,J = 1.2,7.5 Hz, 2H, H-5, 5'), 8.01 (d, J = 8.4 Hz, 2H,
H-4, 4'); 3C NMR: 6 25.6 (q, CH3), 93.9 (t, —O—CH,—0—),
115.4 (d, C-7, C-7"), 121.9*% (d, C-5, C-5'), 122.4* (d, C-3, 3'),
125.7 (d, C-6, C-6'), 127.8 (s, C-4a, C-4a), 136.1 (d, C-4,
C-4), 140.3 (s, C-8a, C-8'a), 152.3 (s, C-8, C-8') and 158.3
(s, C-2, 2') [* may be interchanged]. (Anal. Found:
C, 76.30; H, 5.51; N, 8.45; C,;H;gN,O, requires C, 76.34;
H, 5.49; N, 8.48).

4.24. 1,3-Bis-[(2-methyl-8-quinolyl)oxy]propane (7)

The product 7 was obtained from 3 (0.025 mol) and 1,3-
dichloropropane (0.1 mol) and  crystallized  from
dichloromethane—hexane as fine needles (yield 26%), mp
124 °C; IR: vpay (cm™ ') 3367, 2931, 1646, 1428, 1262,
1109 and 746; MS: m/z 359 (IM +H]™); '"H NMR: 6 2.58
(m, 2H, —O—CH,—CH,—CH,), 2.78 (s, 6H, 2 x CHj3), 4.38
(m, 4H, 2 x O—CH,), 7.09 (m, 2H, H-7, H-7"), 7.35 (m, 6H,
H-3, H-3', H-5, 5/, 6, 6), 8.02 (d, 2H, J = 8.4 Hz, H-4, 4);
3C NMR: 6 25.9 (g, 2 x CH3), 30.8 (t, —O—CH,—CH,—
CH,—0-), 674 (t, 2 x —O—CH,), 110.3 (d, C-7, 7), 120.3
d, C-3, C-5"), 122.9 (d, C-3, 3), 126.1 (d, C-6, C-6'),128.2
(s, C-4a, C-4'a), 136.6 (d, C-4, C-4"), 140.2 (s, C-8a, C-8'a),
154.4 (s, C-8, C-8') and 158.6 (s, C-2, 2). (Anal. Found: C,
77.17; H, 6.25; N, 7.95; Cy3H,,N,0, requires C, 77.07; H,
6.19; N, 7.82).

4.2.5. 14-Bis-[(2-methyl-8-quinolyl)oxy]butane (8)

The product 8 obtained from 3 (0.025 mol) and 1,4-
dichlorobutane (0.1 mol) was crystallized from acetonitrile—
hexane as needles (yield 28%), mp 174 °C; IR: vpax (em™ Y
3463, 3046, 2925, 1602, 1564, 1503, 1430, 1383, 1263 and
1107; MS: m/z 395 [M+Na]", 373 [M+H]"; '"H NMR:
0 2.30 (m, 4H, —CH,—CH,—), 2.71 (s, 6H, 2 x CHj3), 4.40
(m, 4H, 2 x —O—CH,), 7.08 (dd, J=2.1, 6.3 Hz, 2H, H-7,
7, 7.33 (m, 6H, H-3, 3/, 5, 5, 6, 6/), 7.99 (d, J=8.4 Hz,
2H, H-4, 4); C NMR: & 26.1 (q, 2xCHj), 263
(t, —(CH,),—), 69.3 (t, 2 x —O—CH,), 109.6 (d, C-7, 7,
119.7 d, C-5, 5'), 122.8 (d, C-3, 3'), 126.1 (d, C-6, 6),
128.1 (s, C-4a, 4'a), 136.4 (d, C-4, 4"), 140.3 (s, C-8a, 8'a),
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154.6 (s, C-8, 8) and 158.4 (s, C-2, 2). (Anal. Found: C,
77.42; H, 6.45; N, 7.48; Cy4H,4N,0, requires C, 77.39; H,
6.49; N, 7.52).

4.2.6. 1,5-Bis-[(2-methyl-8-quinolyl)oxy]pentane (9)

A mixture of 3 (0.02 mol) was allowed to react with 1,5-
dichloropentane (0.1 mol) following the general procedure
affording 9. Purification of the residue by chromatography
(eluant: benzene—chloroform 3:1) and subsequent crystalliza-
tion from acetonitrile—hexane gave 9 as needles (yield 32%);
mp 180 °C; IR: vy, (cm™') 3508, 3050, 2946, 1606, 1563,
1261, 1106 and 834; MS m/z 409 [M+Na]*, 387
[M+H]"; "H NMR: 6 1.80 (m, 2H, O—CH,—CH,—CH,—
CH,—CH,—0-), 2.17 (m, 4H, O—CH,—CH,—CH,—CH,—
CH,—0—), 2.78 (s, 6H, 2 x CH3), 4.29 (t, /=69 Hz,2 x —O
—CH,), 7.05 (m, 2H, H-7, 7"), 7.34 (m, 6H, H-3, 3/, 5, 5, 6,
6), 8.01 (d, J, 8.4Hz, 2H, H4, 4); °C NMR: ¢ 23.1
(t, O—CH,—CH,—CH,—CH,—CH,—0), 259 (q, 2 x CHj3),
29.1 (t, —O—CH,—CH,—CH,—CH,—CH,—0—-), 69.4
(t, 2 x —OCH,), 109.7 (d, C-7, 7), 119.7 (d, C-5, 5') 122.9
d, C-3, 3), 126.3 (d, C-6, 6'), 128.1 (s, C-4a, 4a’), 136.8
(d, C-4, 4), 139.9 (s, C-8a, 8'a), 154.5 (s, C-8, 8) and 158.5
(s, C-2, 2). (Anal. Found: C, 77.65; H, 6.81; N, 7.28;
C,5Hy6N,0O, requires C, 77.69; H, 6.78; N, 7.25).

4.3. Other chemicals

8-Hydroxy quinoline, its 5-chloro and 2-methyl derivatives
and chlorinated reagents e.g. dichloromethane, or 1,w-dichloro
derivatives of ethane, propane, butane and pentane were pur-
chased from Aldrich—Sigma Corporation (USA). All other
solvents and chromatographic absorbents were procured
from E. Merck (Germany) and SRL (India) Ltd. unless other-
wise indicated.

4.4. Parasite culture and growth conditions

L. donovani strain AG83 (MHOH/IN/1983/AG83) was
originally obtained from Indian Kala-azar patient [31] and
maintained in golden hamsters. Amastigotes were isolated
from spleens of L. donovani infected golden hamsters as
described [32]. Promastigotes were grown at 22 °C in M199
(Gibco Laboratories, NY, USA) liquid media supplemented
with 10% fetal bovine serum (FBS).

4.5. Effects of synthesized compounds on L. donovani
promastigotes in Vitro

Logarithm phase promastigotes (2 x 10%ml) was incubated
with or without graded concentrations of 1, 3, 5, 7, 10, and
15 pg/ml of the compounds or standard antileishmanial drugs
amphotericin B and pentamidine in Medium-199 supple-
mented with 10% FBS at 22 °C for 2 h. After treatment, all
tubes were washed twice with 0.02 (M) PBS and each pellet
finally was dissolved in 100 pl (2 mg/ml) MTT [3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide solu-
tions [33]. All tubes were incubated at 22 °C for 4h,

centrifuged at 8000 g for 10 min and pellets were dissolved
in DMSO. Readings were taken at 570 nm spectrophotometri-
cally and % of lysis of promastigotes caused by the com-
pounds was calculated. The ICs, dose was evaluated by
linear regression analysis method in Graphpad prism3
software.

4.6. In vitro antileishmanial activity of synthesized
compounds on intracellular amastigotes

Cytotoxicity of the compounds was estimated by micro-
scopic counting of the viable amastigotes by Giemsa staining
method after treatment with the compounds at graded doses
and standard antileishmanial drugs. Antileishmanial activity
of the compounds on intracellular L. donovani amastigotes
was carried out with thioglycolate-elicited peritoneal exudates.
Thioglycolate-elicited peritoneal exudate was used as the
source of macrophages for better recovery and easier isolation.
Approximately 2 x 10%ml macrophages were allowed to
adhere to glass coverslips (20 mm 3.25 mm) in RPMI-1640
(Gibco Laboratories) supplemented with 10% FBS and cul-
tured for overnight at 37 °C in 5% CO, before in vitro
infection with L. donovani. Stationary phase L. donovani pro-
mastigotes (2 x 10’/ml) were added to each coverslip and
incubated for 6 h at 37 °C in 5% CO,. Coverslips were washed
with 10% FBS-supplemented RPMI-1640 to remove unin-
gested parasites and incubated for 24 h in the presence or
absence of graded concentrations (0.5, 1, 3, 5, 10 ug/ml) of
compounds. Infected macrophage cultures were washed with
PBS, fixed with methanol in slides, stained with Giemsa,
and examined microscopically under oil immersion. At least
200 target macrophages were examined for each coverslip
under microscope. Antileishmanial activity was determined
by calculating the number of amastigotes per 200 macro-
phages with respect to controls.

4.7. Assessment of antileishmanial activity of
compound 5 in vivo

BALB/c mice (4—6 weeks) were injected intravenously
with freshly transformed promastigotes of L. donovani
(2 x 10’/mouse). One-month post-infection, 4-week-infected
BALB/c mice were treated with 1,1-bis-[(5-chloro-8-
quinolyl)oxy]methane (5) at a dose of 5.5 and 12.5 mg/kg
body weight (doses were chosen as 1/22nd and 1/10th, respec-
tively, of LDsq value of compound 5, data not shown) intraper-
itoneally two times weekly for one month. Each mouse
received a total of 8 intraperitoneal administrations of com-
pound 5 for one month. Mice in the untreated group were
received vehicle control (0.2% Tween 80 in PBS) by the
same route. Therapy was compared with the standard anti-
leishmanial drug sodium antimony gluconate, which was
administered to another group of mice at a dose of 250 mg/
kg body weight. Mice in all groups were sacrificed on one-
month post-treatment. The splenic and liver parasites were
determined by impression smear of Giemsa staining. Levels
of organ parasite load were determined and expressed as the
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total parasite burden per organ, using the formula [24]:
(organ weight in mg x the number of amastigotes per cell
nucleus x 2 x 10%).

4.8. Study of parasite ultra-structure by TEM

Transmission electron microscopy (TEM) was carried out
with compound 5 treated and untreated cells according to
the method described earlier [34]. Parasites were incubated
with the compound at the doses of 2 pg/ml (ICsg) and
11.5 pg/ml (ICyp), respectively, for 2 h. Sections were cut
with a Du-point diamond knife in an LKB Ultramicrotome,
stained on copper grids with uranyl acetate and lead acetate
for 10—15 min, respectively, and examined under JEOL
100CX TEM.53.

4.9. Serum enzyme assay

The blood sera of normal mice and mice receiving treat-
ment with compound 5 at a dose of 5.5 and 12.5 mg/kg
body weight two times per week for 4 weeks, were subjected
to estimate for the enzymes serum glutamate pyruvate trans-
aminase (SGPT) and serum glutamate oxaloacetate transami-
nase (SGOT) and blood urea, one-month post-treatment.
These enzymes and blood urea were assayed using the kits
from Dr. Reddy’s Laboratories (Hyderabad, India) following
the manufacturer’s protocol. Blood urea activity was expressed
as mg/dl, whereas SGPT and SGOT activities were expressed
as TU/L.

4.10. Determination of antibacterial efficacy

The MIC of compound 5 towards different test bacterial
strains was accurately determined by agar dilution method
[35]. Compound 5 was dissolved in sterile 0.2% DMSO and
final concentration was made up by distilled water and added
to molten nutrient agar at concentrations of 5, 10, 25 and
50 pg/ml compared to 0.2% DMSO (control). It was then
poured into sterile Petri dishes under aseptic conditions main-
taining the pH at 7.2—7.4. Gram-positive bacteria were grown
in nutrient broth and Gram-negative bacteria in peptone water
for 18 h and bacteria were harvested during the stationary
growth phase. A direct suspension of organisms was prepared
in 5 ml sterile distilled water. The turbidity of the suspension
was adjusted to a 0.5 McFarland standard [36] with a Chemito
UV 2600 Double Beam UV spectrophotometer (Chemito
Technology Pvt Ltd, Nasik, India) at 625 nm, which corre-
sponded to 2.4 x 10® colon forming units (CFU)/ml. The inoc-
ula were prepared by further diluting the suspension 1:100
with sterile distilled water in such a manner that a 2 mm
(internal diameter) loopful of culture contained 10° CFU.
These were spot inoculated on the nutrient agar plates contain-
ing increasing amounts of the drug, including a control. The
plates were incubated at 37 °C and examined for the appear-
ance of growth after 24h (extended up to 72h where
necessary).

5. Statistical analysis

Data are expressed as mean = S.E. unless mentioned.
Comparisons were made between different treatments using
unpaired Student’s z-test.
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