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Abstract: A series of N,N-bis(trifluoromethylquinolin-4-yl)- and N,N-bis[2,8-bis(trifluoromethyl)quinolin-4-yl] diamino
alkane and piperazine derivatives were synthesised by employing a simple and rapid displacement reaction of the 4-chloro
group on the 2-trifluoromethyl- and 2,8-bis(trifluoromethyl)-quinoline by diaminoalkane or piperazine groups. Results of
in vitro antimalarial activity evaluations of these compounds against the chloroquine-sensitive (D10) and chloroquine-
resistant (K1) strains of Plasmodium falciparum indicate that compounds with trifluoromethyl groups in both the 2 and 8
positions coupled with diaminoalkyl bridging chains of 2 to 6 carbon atoms exhibit a slightly higher activity than com-
pound with only a trifluoromethyl group at position 2, and those with a piperazine bridge These compounds exhibit higher
activity in the chloroquine-resistant than in the chloroquine-sensitive strains of the Plasmodium. Comparative studies in-
dicate that the compounds are more selective in their cytotoxicity against the parasite cells. Except for compounds con-
taining a piperazine bridge, this new series of compounds interact with ferriprotoporphyrin IX to more or less the same ex-

tent.
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INTRODUCTION

If present in the human body, the growing malaria organ-
ism normally needs haemoglobin as a source of intracellular
supply of iron for its metabolic requirements. This haemo-
globin undergoes catabolism in the acidic digestive vacuoles,
and during this process a deposition of a malaria pigment
called haemozoin takes place [1]. Trapped within the haemo-
zoin is the parasite’s endogenous antimalarial agent called
ferriprotoporphyrin IX (FP) in the form of haem [2], which
in an aggregated form serves as a receptor for the concentra-
tion of antimalarial drugs [3]. Malaria parasites attempt to
prevent the accumulation of FP within the food vacuoles by
converting it to the haemozoin, an insoluble inert substance.
The main criterion for selection or design of a compound
which exhibit antimalarial activity is that it must be able to
form a strong complex with FP through interaction of the -
electron cloud of the aromatic ring with that of the haem
molecule, and thus inhibit the formation of haemazoin [4]. In
addition, the compound must have the capacity to accumu-
late to pharmacologically relevant concentrations in the food
vacuoles, as the site of drug action [5]. It is during the accu-
mulation in the food vacuoles that the tertiary amino group
in the side chain and the heterocyclic nitrogen atom in the
quinoline ring become fully protonated [6]. This then assists
the accumulation of more drug molecules in the food vacu-
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oles. The increased concentrations of the FP-drug complex
may then cause hemolysis of the parasite by a colloidal-
osmotic mechanism [7]. Both free FP and its complex with
chloroquine also inhibit the proteases which are essential for
the degradation of haemoglobin and the growth of the para-
sites [8]. Thus both the structural and thermodynamic factors
of the drug molecule must be such that they allow for its
increased cellular accumulation and a favourable co-ordi-
nation to FP [9,10] so that the formation of haemazoin is
prevented.

Although used in the chemotherapy of malaria for a
number of years, the quinoline-type compounds are still the
mainstay of research on compounds exhibiting antimalarial
activity. Most these compounds contain at least one nitrogen
atom at the 4-position either attached directly to the quino-
line ring or as part of the various substituents attached to this
position. The activity of such a drug molecules is more likely
to be related to the nature and geometry of these types of
substituents as well as the nature and position of other func-
tional groups on the quinoline ring, rather than to an overall
property of the molecule [11]. Molecules exhibiting high
biological activity are those that are more electron-rich in the
quinoline portion of the molecule due to a stronger resonance
effect [9] and which contain a basic side chain with charac-
teristics that will assists in the accumulation of the drug in
the acid food vacuoles [5,13]. The stronger resonance effect
resulting in conjugation in the molecule is efficient for the
quinoline ring systems that are substituted at C-4 with ami-
noalkyl groups. The stronger the conjugation effect in the
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molecule, the more the increase in the stability of the drug-
haem complex.

The aminoalkyl side-chain at position 4 of the quinoline
ring is also a requirement for strong antiplasmodial activity
by probably assisting in drug accumulation in the acidic di-
gestive vacuoles [14]. The number of carbon atoms between
the two nitrogen atoms in the alkyldiamino side chain is a
major determinant of activity against the chloroquine- resis-
tant P. falciparum [15]. For the aminoquinolines, biological
activity is more robust to changes in the basic 4-amino side
chain, with activity being approximately equally maintained
with between a 2 and 5 carbon atom chain, but decreases if
this chain is shortened or lengthened beyond these points
[16], while branching is tolerated. An aliphatic tertiary nitro-
gen atom is a major determinant of activity in chloroquine-
resistance [17]. This has been shown by the fact that the re-
placement of the piperidine moiety by alkyl chain or a
pyrimidino ring leads to a loss of activity of the compound
[18]. The weak basic property of these compounds resides
solely with the piperidine nitrogen (pKa 9,6) because the
alkyl derivatives do not have the ability to concentrate in the
parasite food vacuoles [19]. A moderate increase in lipophil-
icity around the nitrogen atom is quite beneficial for antima-
larial potency [20]. Quinoline compounds containing large
nonpolar substituents such as a N-fert butyl or cyclohexyl
group show substantially reduced antimalarial activity, while
those with alkyl groups that have a 3 carbon backbone with
no greater than one branch give optimum antimalarial activ-
ity [21]. Changes in the length of the aminoalkyl side chain
have little influence on activity against the chloroquine-
sensitive strains but profound influence against the chloro-
quine-resistant strains of P. falciparum [14,21], suggesting
that whatever the mechanism is contributing to chloroquine
resistance, it is extremely structure specific [22]. This is evi-
denced by the fact that compounds with a shortened side
chain at the 4-amino group, while are structurally related to
chloroquine, manage to overcome chloroquine-resistance to
a greater extent than chloroquine itself. When an alkyl chain
length exceeds the permissible linear dimension, energeti-
cally less favourable folding of the chain may occur, leading
to a decrease in activity [11]. Toxicity appears to increase
with greater chain length. In addition, the nature and position
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Scheme 1. Synthesis of 4-Quinolinol and its by-product, 2-Quinolinol.
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of the substituents on the quinoline ring may affect the
shape, electronegativity and lipophilicity of the compounds,
characteristics which are known to have a tremendous influ-
ence on the antimalarial activity [23]. The trifluoromethyl
group has aroused considerable interest in the chemotherapy
of malaria since the discovery of the most effective but non-
phototoxic, 2,8-bis(trifluoromethyl)-a-(2-piperidyl)-4-quino-
linemethanol (mefloquine) [24] and the phenanthrenemetha-
nol, halofantrine [25] both of which are effective against the
chloroquine-resistant strain of P. falciparum and have be-
come the first-choice drugs for antimalarial prophylaxis [26].
Being a highly electronegative group, the triflouromethyl
group attached to the quinoline ring appears to make meflo-
quine to have greater access than chloroquine to identical
receptors, thus interacting strongly both with FP and certain
phospholipids [27, 28].

The main objective of this study is to synthesise and
evaluate the activity of a series of N,N-Bis(trifluoro-methyl-
quinolin-4-yl)diamino alkane derivatives as potential alterna-
tives to the currently available antimalarial agents for possi-
ble use against both the chloroquine-sensitive and chloro-
quine-resistant strains of Plasmodium falciparum. The ra-
tionale for this investigation is also to assessment the effect
of the presence of one or two trifluoromethyl groups attached
to the quinoline ring, the length and shape of the diaminoal-
kyl chain linking the two quinoline rings at position 4 on
antimalarial activity.

CHEMISTRY

The 4-chloro-2- trifluoromethyl- and 2,8-bis(trifluoro-
methyl)quinolines used as starting materials were prepared in
the previous study [29] according to the following schemes.

ANTIMALARIAL ACTIVITY

The antimalarial activity of the bisquinolines was as-
sessed against the chloroquine-sensitive strain (D10) and
chloroquine-resistant strain (K1) of Plasmodium falciparum.
Continuous in vitro cultures of the asexual erythrocyte stages
of these strains were maintained using a modified method of
[30]. Quantitative assessment of the antiplasmodial activity
in vitro was determined using the parasite lactate dehydro-
genase assay procedures [31]. The parasite lactate dehydro-
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Scheme 2. Synthesis of N,N-Bis(trifluoromethylquinolin-4 yl)- and N,N-bis{bis(trifluioromethyl)quinolin-4 yl}-diamino alkanes.

genase (pLDH) activity differs from the host LDH activity in
its use of the 3-acetyl pyridine adenine dinucleotide (APAD)
[32] as a coenzyme. This difference has afforded a useful
assay procedure both for diagnostic and screening purposes
for Plasmodium infections. The sensitivity of the assay can
be used to detect a level of 0,02% parasitemia of P. falcipa-
rum grown in vitro. It has been shown that chloroquine inter-
acts specifically with pLDH but not with erythrocyte LDH
[32]. The difference could be due to the fact that pLDH is
not subject to ternary substrate inhibition by pyruvate and
NAD', which is a common property for LDH molecules
from other sources [33]. This difference raises the possibility
that inhibitor molecules could be designed that would spe-
cifically target the parasite enzyme. Spectroscopic changes
associated with the interaction of the compounds with fer-
riprotoporphyrin IX was performed following a modified
known procedure [34, 35].

Determination of the Cytotoxicity of the Compounds

In order to determine whether the synthesized com-
pounds are selective in their action against the plasmodial
cells in the presence of the host cells, a selectivity index (SI)
can be determined. This index is based on the ratio of the
ICs¢ values obtained against the normal host cells (cytotoxic-
ity) and the ICs values obtained against the plasmodial cells.
The measurement of the surviving and/or proliferating
mammalian cells (cytotoxicity assay) after treatment with
these compounds is the rapid colorimetric assay procedure
based on the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetra-
zolium bromide (MTT) [36,37]. Mammalian cell-line, Chi-
nese Hamster Ovarian (CHO) cells were treated with those
compounds exhibiting more active against the chloroquine-
resistant strains of P. falciparum were subjected to the MTT
assay procedure. The tetrazolium ring of the MTT used to
measure cell growth and chemosensitivity is cleaved in the
active mitochondria, so that the reaction can occur only in
living cells. When incubated with these cells, the pale yellow
MTT substrate produces a dark blue formazan product [36].
This forms the basis of this colorimetric assay.

RESULTS AND DISCUSSION

A series of ten N,N-bis(trifluoromethylquinolin-4-yl)-
and  N,N-bis[2,8-bis(trifluoromethyl)quinolin-4-yl]diamino
alkanes and piperazines were successfully synthesised by
employing a simple but rapid displacement reaction of the 4-
chloro group of 2-trifluoromethyl- and 2,8-bis(trifluoro-
methyl)quinolines by diaminoalkane or piperazino groups.
Evaluation of the in vitro antimalarial activity of these com-

pounds was conducted against the chloroquine-sensitive
(D10) and chloroquine-resistant (K1) strains of Plasmodium
falciparum following the procedure of the lactate dehydro-
genase activity and the results are reflected on Table (1). The
results indicate that against the chloroquine-sensitive strains,
the compounds exhibit moderate activity when compared to
their activity against the chloroquine-resistant strains of P.
falciparum. However, when compared to mefloquine under
identical experimental conditions, the compounds are shown
to exhibit much lower antimalarial activity. While the activ-
ity of the majority of these compounds is essentially of the
same order of magnitude, compounds containing the
trifluoromethyl groups at both positions 2 and 8 and the dia-
minoalkyl bridging chains of 2 to 6 carbon atoms are consis-
tently more active than those with a single trifluoromethyl
group at position 2 of the quinoline ring. Compound 2 is the
most active against the chloroquine-sensitive and chloro-
quine-resistant strain of P. falciparum with 1Cso values of
500 and 100 ng/ml respectively. These results are compara-
ble to those of mefloquine under identical experimental con-
ditions. Compounds 4, 6 and 8 with bridging diaminoalkyl
chain of three to six carbon atoms and trifluoromethyl groups
at positions 2 and 8 are equally more active than those in
which the quinoline ring contains a single trifluoromethyl
group at position 2. It was shown earlier that quinoline com-
pounds with a trifluoromethyl group at position 8 only show
initial inhibition followed by stimulation of cell growth in a
dose-dependant manner [38]. Compounds 9 and 10 with the
piperazino linking bridge exhibit reduced antimalarial activ-
ity than those compounds with a diaminoalky bridging chain
against the chloroquine-sensitive strains, although compound
10 with trifluoromethyl groups at positions 2 and 8 show
comparable activity to those with diaminoalky bridging
chains.

Changes in the absorbance maxima of the Soret band of
the UV spectrum is sometimes used as a measure of interac-
tion of the drug with FP through the formation of nt—mt com-
plexes with the induced-shift pattern, upfield or downfield,
being different for each drug molecule, leading to different
complex structure [39]. Spectrophotometric titrations of FP
with these newly synthesised compounds indicate identical
patterns in the downward shift of the absorbance maxima of
the Soret band of the FP from 350 to 327 nm, with apparent
slight weakening of the bands at 280 and 300 nm as shown
in Fig. (1). While these finding cannot be used to draw con-
clusions on the structure-activity relationships of these new
compounds, compounds 9 and 10, both containing a piperaz-
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The In Vitro 1Csy Values (ug/ml)of the N,N-bisquinolin-4 yl Derivatives
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1 -H -HN(CH,),NH- 6.0 ND

2 -CF;  -HN(CH,),NH- 0.5 0.10
3 -H -HN(CH,);NH- 13.0 > 100

4 -CF;  -HN(CH,);NH- 6.0 1.20

5 -H -HN(CH,),NH- 4.0 353

6 -CF;  -HN(CH,);NH- 2.1 1.50
7 -H -HN(CH,)¢NH- 3.8 > 100

8 -CF;  -HN(CH,)¢NH- 33 1.60
9 -H 10.7 > 100

10 -CF; 12.0 1.02
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ino bridge instead of the diaminoalkyl chain, show very little
effect on the absorbance of the FP. It may be inferred from
this behaviour that the low or lack of activity of these two
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Fig. (1). Spectrophotometric titration of Ferriprotoporphyrin IX (1.3
uM) with increasing concentrations of compound 2. In each case 1
is a curve for Ferriprotopophyrin IX alone, and a to b represent the
concentrations of compound 2 added. At a the concentration of
compound 2 is 0.822 uM, while at b is 1.37 uM. A reference cell
was simultaneously titrated with approximately equal amounts of
compound 2 and the absorbance values corrected for dilution.

piperazine compounds on the chloroquine-sensitive strains of
Plasmodium falciparum is due to their inability to associate
with and form complexes with FP. This could be ascribed to
either addition of micromolar concentration of the bisquino-
lines unable to induce aggregation with FP or a reflection of
the lack of capacity of these compounds to associate and
complex with FP, and therefore inhibit the formation of
haematin [40].

A quinoline ring is a complexing group with FP, while
the aminoalkyl side chain assists in drug accumulation via
the pH trapping [14]. The amino group at 4-position of the
quinoline ring plays an important role in activity through
interaction with the propionate side chains of FP [10]. It
would appear that sufficiently large changes in diaminoalkyl
side chain are responsible for overcoming chloroquine-
resistance without having to change to the 4-amino-7-
haloquinoline template responsible for FP complexation and
inhibition of B-haematin formation [14]. It is for this reason
that changes in the length of the diaminoalkyl briding chain
have little influence on activity against chloroquine-sensitive
strains of P. falciparum but profound influence on activity
against the chloroquine-resistant strains of the parasite.
There is also a speculation that the quinoline N-1 atom and
the heteroatom (N or O) of the heteroaryl group in most of
the active 2-heteroarylquinolines are favourably positioned
to form specific hydrogen-bonded complexes with a biologi-
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cal receptor [12]. A strong conjugation effect of the 4-amino
group with the quinoline would increase the stability of such
complex by increasing electron density at the quinoline ni-
trogen atom. The lack of the activity against the chloroquine-
sensitive strain of the Plasmodium may be due to the absence
of primary amino groups on the piperazine bridge to assist in
the accumulation of these compounds in the acid food vacu-
oles. One of the bisquinolines synthesised earlier [41], the
) trans-Nl,N2-bis(7-chloroquinolin-4-yl)cyclohexane-1,2-
diamine, possesses superior in vitro and in vivo activity
against the chloroquine susceptible and some moderately
chloroquine-resistant clones of P. falciparum. The presence
of the imino hydrogen atoms in these compounds as com-
pared to the newly synthesised compounds in this study,
could account for the activity of these compounds. The two
enantiomers of this bisquinoline, the S,S and R,R have
higher levels of inhibition of haem polymerisation than both
chloroquine and mefloquine in vitro [42]. These isomers
differ in their abilities to inhibit chloroquine resistant para-
site growth, indicating that transport factors affecting the
compound’s accumulation in the parasite food vacuole may
play a role. In-spite of the high potency of the S,S enanti-
omer of bisquinoline, frans-N'N*-bis(7-chloroquinolin-4-
yl)cyclohexane-1,-2-diamine, toxicological liabilities, par-
ticularly phototoxicity and the attendant photocarcinogenic-
ity precluded its further development [42, 43]. However,
these types of bisquinolines have potent activity against the
chloroquine-resistant strains of P. falciparum. There is an
indication that the optimal chain length for the linker group
between the two quinoline rings is 6 carbons, and that link-
ing through the 8-position is better than through the 6 - posi-
tion and that a chlorine substituent is not necessary [3]. Bis-
quinolines with alkyl bridges of three, four or twelve carbon
atoms are inactive, while those with bridges of five and nine
carbon atoms are active, with a methyl substituent in the
bridge improving the antimalarial activity [44].

The results of the in vitro cytotoxicity determination
against the mammalian cell-line, Chinese Hamster Ovarian
(CHO) cells using the 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazoliumbromide (MTT) are represented in Table
(2). The good selectivity index shown by these new com-
pounds in the preliminary colorimetric cytotoxicity studies
indicate that these compounds do not affect the living and
proliferating mammalian cells, as only live cells will actively

Table 2.
modium falciparum and CHO Cell-Line

Kgokong et al.

cleave MTT, while dead cells are almost completely negative
even immediately after complement-mediated lysis [36].

CONCLUSION

On the basis of the IC5, values obtained by subjecting the
new compounds to the chloroquine-sensitive and chloro-
quine-resistant strains P.falciparum it can be concluded that
the two trifluoromethyl groups on the quinoline ring system
are essential for in vitro antimalarial activity particularly
against the chloroquine-resistant strains of P. falciparum.
The type and size or length of the bridging groups between
the two quinoline rings have an influence on the activity of
this series of compounds. Bridging chains containing pri-
mary amino groups seem to be more active than those com-
pounds which lack imino hydrogen atoms. This is particu-
larly noticeable in compounds used against the chloroquine-
sensitive than chloroquine-resistant strains of the Plasmo-
dium falciparum. Except for compound 2, the moderately
low ICsy values obtained for these newly synthesised and
screened compounds against both the chloroquine-sensitive
and chloroquine-resistant strains of P. falciparum in vitro
suggest that the compounds are not sufficiently potent
enough to warrant further investigation. Unfortunately the
results of the interaction of these new compounds with FP
cannot be used to assess the structure-activity relationships
since identical shift patterns are observed in the UV spectra.
The new compounds are highly selective in their action
against the plasmodial cells and no serious cytotoxicity is
observed against the Chinese Hamster Ovarian cell lines in
the preliminary investigation using MTT.

EXPERIMENTAL SECTION
Synthesis

Melting points were determined in open capillary tubes
on a Biichi B-545 apparatus and are uncorrected. IR spectra
were recorded in KBr on a Perkin-Elmer Paragon 1000 FT-
IR spectrophotometer. 'H NMR spectra were taken on a
GEMINI 2000BB spectrometer. Chemical shifts are reported
in 8 (p.p.m) relative to internal trimethylsilane in DMSO-dg,
BC NMR spectra were recorded on the GEMINI 2000BB
spectrometer at 75 MHz. Electron ionisation mass spectra as
m/z (% relative intensity) values were carried out on a Tur-
bomass GC-Mass spectrometer. TLC was carried out on pre-

The In Vitro 1Csy Values (ug/ml) of the N,N-Bisquinolin-4 yl Derivatives on the Chloroquine-Resistant Strain K1 of Plas-

Compound K1:1Cs CHO: ICs, SI
4 1.20 50.82 42
6 1.50 41.49 28
8 1.60 >100 >62.5
10 1.00 >100 >100
Chloroquine 113.00
Emetine 0.09

Selectivity index (SI) = cytotoxicity ICso/Antiplasmodial ICs.
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coated silica gel 60F,s4 analytical plates and the resulting
chromatograms visualised under UV light (254 nm).

General Methods for the Synthesis of the trifluorometh-
ylquinolin-4yl Diamino- Alkanes

2-Trifluoromethyl- or 2,8-bis(trifluoromethyl)-4-chloro-
quinoline (0.01 mole), diaminoalkane (including piperazine)
(0.005 mole) and triethylamine (0.01 mole) were refluxed in
2-hydroxyethanol (20 ml) for 4 hours under a slight positive
nitrogen pressure. The mixture was cooled and shaken with
ethyl acetate (10 ml) and water (10 ml). The solid that
formed was filtered and washed with ethyl acetate and water
and dried.

N,N-bis(2-trifluoromethylquinolin-4-yl)diamino ethane
(1): Yield 27%. Recrystallisation solvent DMF, M.p. 286 °C
(Found: C, 58.6; H, 3.7; N, 12.3. CyH;¢N4F¢ requires C,
58.7; H, 3.6; N, 12.4). "H N.ML.R. 8 2.7, t, CH,; 3.3, t, CHa;
39,bs, NH; 7.8, t, H6;79,t,H7;80,s,H3;82,d,J6
Hz, H 5;8.4,d,J 6 Hz, H 8. "C N.M.R. 8: 46.1, CHy; 109.5,
C 3;119.0, C 4a; 121.9, bq, 'Jcr 213 Hz, 2-CF3; 124.8, C 5;
126.0, C 6; 129.6, C 8; 130.4, C 7; 143.2, C 8a; 147.3, q, “Jcr
32 Hz, C 2; 152.2, C 4. E.i. mass spectrum m/z: 450 (M,
12%), 226 (72), 225 (100), 197 (15), 128 (7). Vmax (KBr):
3298s, 1581s, 1356s, 1295s, 1180s, 1128s.

N,N-bis[2,8-bis(trifluoromethyl)quinolin-4-yljdiamino
ethane (2): Yield 33%. Recrystallisation solvent, ethanol.
M.p. 222 °C. (Found: C, 50.8; H, 2.9; N, 9.6. Cp4H4;N,F1,
requires C, 49.2; H, 2.4; N, 9.6). '"H N.M.R. &: 2.6, t, CHy;
2.8, t, CHy; 3.5, bs, NH; 3.8, bs, NH; 7.0, t, H 6; 8.1, s, H 3;
8.3,d,J6 Hz, H5; 8.5,d,J 6 Hz, H 5. >C N.M.R. §: 43.6,
CH,; 94.3, CH,; 117.4, C 3; 118.5, C 4a; 119.5, bq, er 213
Hz, 2-CF3; 124.6, q, 2JCF 32 Hz, C 8); 125.9, bq, 1JCF 213 Hz,
8-CF;5; 126.1, C 7; 129.1, C 6; 133.1, C 5; 144.0, C 8a;
148.2, q, 2JCF 32 Hz, C 2); 152.5, C 4. E.i. mass spectrum
m/z: 586 (M, 54%), 567 (27), 293 (100), 273 (25), 224 (33).
Vimax (KBr): 3368m, 1594s, 1443m, 1313s, 1136s.

N,N-bis(2-trifluoromethylquinolin-4-yl)diamino pro-
pane (3): Yield 17%. Recrystallisation solvent methanol.
M.p. 180 °C. (Found: C, 58.2; H, 4.0; N, 11.4. Cp3H gN4Fs
requires C, 59.5; H, 3.9; N, 12.1). '"HN.MR.&: 2.1, q, CHy;
34,q,CHy;3.9,q, CHy; 44,bs, NH; 7.7, t, H6; 7.8, t, H 7;
8.0,s, H3;82,d,J6Hz H5; 83, d,J6 Hz, HS8. "C
N.M.R. &: 46.2, CH,; 62.8, CH,; 108.9, C 3; 117.6, C 4a;
119.3, bq, 'Jer 213 Hz, 2-CF3; 124.8, C 5; 125.9, C 6; 129.5,
C 8; 1303, C 7; 1443, C 8a; 146.5, q, “Jcr 32 Hz, C 2);
152.1, C 4. E.i. mass spectrum m/z: 464 (M, 69%), 252 (18),
239 (100), 213 (63). Vmax (KBr): 3445w, 1580s, 1305m,
1132s, 1014w.

N,N-bis[2,8-bis(trifluoromethyl)quinolin-4-yljdiamino
propane (4): Yield 34%. Recrystallisation solvent, DMF.
M.p. 240 °C. (Found C, 50.9; H, 2.8; N, 9.2. C,sHsNyFi,
requires C, 50.0; H, 2.7; N, 9.3). '"H N.ML.R. §: 1.8, t, CH,;
2.5,t,CH,; 3.1, t, CHy; 3.3, bs, NH; 7.1, t, H 6; 8.2, s, H 3;
83,d,J 6 Hz, H7;85,d,J 6 Hz, H 5. °C N.M.R. &: 46.6,
CH,; 62.7, CH,; 110.2, C 3; 118.6, C 4a; 119.5, bq, Jer 213
Hz, 2-CF;; 1244, q, 2JCF 32 Hz, C 8; 125.9, bq, 1JCF 213 Hz,
8-CF3; 126.3, C 7; 129.6, C 6; 133.1, C 5; 143.9, C 8a;
146.5, q, 2JCF 32 Hz, C 2; 152.4, C 4. E.i. mass spectrum m/z.
600 (M, 82%), 343 (61), 319 (21), 307 (66), 293 (43), 280
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(100), 273 (20), 265 (60), 224 (21), 196 (33), 176 (30), 57
(20), 45 (65). Vmax (KBr): 3467m, 2924w, 1595s, 1312s,
1151s, 952m.

N,N-bis(2-trifluoromethylquinolin-4-yl)diamino  butane
(5): Yield 31%. Recrystallisation solvent, DMF. M.p. 219
°C. (Found C, 59.8; H, 4.6; N, 11.1. Cy4H,oN,F¢ requires C,
60.2; H,4.2;N, 11.7). '"HN.M.R. §: 3.3, bs, NH; 3.6, d, ] 4,6
Hz, CH,; 39, m, CH,; 7.1,t, H6;7.4,t, H7;7.8,s,H3; 8.3,
d,J6Hz, H7;85,d,J6Hz H5. "CNMR.d: 268, CHy;
44.8, CHy; 109.7, C 3; 118.6, C 4a; 119.5, bq, 'Jcr 213 Hz,
2-CF3; 124.9,C 5; 127.8, C 6; 130.4, C 7; 132.6, C 8; 143.8,
C 8a; 147.1, q, 2JCF 32 Hz, C 2; 152.3, C 4. E.i. mass spec-
trum m/z: 478 (M, 53%), 266 (48), 239 (90), 237 (49), 225
(100), 213 (85), 205 (25). Vmax (KBr): 3386s, 1652s, 1407s,
1001m, 831m.

N,N-bis[2,8-bis(trifluoromethyl)quinolin-4-yljdiamino
butane (6): Yield 22%. Recrystallisation solvent, DMF. M.p.
242 °C. (Found: 51.0; 3.2; N, 8.1. Co¢HsN,Fy;, requires C,
50.8; H, 3.0; N, 9.1). "H N.M.R § (acetone): 3.0, bs, NH; 3.6,
m, CH,;69,t, H6;8.1,s,H3;84,d,J6Hz, H7;8.6,d,]J6
Hz, H 5. "C N.M.R. &: 26.9, CH,; 44.1, CH,; 1103, C 3;
119.4, C 4a; 122.9, bq, 'Jcr 213 Hz, 2-CF5; 124.3, q, ey, 32
Hz, C 8; 125.7, bq, 'Jcr 213 Hz, 8-CF3; 126.4, C 7; 129.6, C
6;133.4, C 5; 1448, C 8a; 146.1, q, “Jcp 32 Hz, C 2; 153.9,
C 4. E.i. mass spectrum m/z : 614 (M, 19%), 573 (23), 382
(24), 334 (37), 314 (24), 307 (43), 293 (54), 281 (49), 267
(27), 224 (24), 97 (24), 69 (33), 57 (69), 44 (100), 28 (54).
Vinax (KBr): 2942w, 1592m, 1312s, 1138s, 950m, 764m.

N,N-bis(2-trifluoromethylquinolin-4-yl)diamino hexane
(7): Yield 32%. Recrystallisation solvent, DMF. M.p. 145
°C. (Found: C, 61.7, H, 5.0; N, 10.9. C,sH4N4F; requires C,
61.6; H,4.8; N, 11.1). "HN.M.R. 8 1.4, bs, NH; 1.7, bs, NH;
34,m,CH,;69,t, H6;75,t, H7;,7.7,s,H3;79,d,] 6 Hz,
H 5;83d,J 6 Hz, H 8. "C N.M.R. &: 26.4, CH,; 30.8, CH,;
42.5, CHy; 118.9, C 3; 122.0, bq, 'Jcr 213 Hz, 2-CF3; 123.2,
C5;125.9, C 4a; 129.6, C 6; 130.4, C 7; 133.5, C 8; 144.3,
C 8a; 148.0, q, 2JCF 32 Hz, C 2; 152.1, C 4. E.i. mass spec-
trum m/z : 506 (M, 17%), 486 (18), 281 (62), 239 (100), 205
(22), 44 (16). Vimax (KBr): 3449m, 2931m, 1586s, 1289m,
1128s, 937m.

N,N-bis[2,8-bis(trifluoromethyl)quinolin-4-yljdiamino
hex-ane (8): Yield 29%. Recrystallisation solvent, DMF.
M.p. 145 °C. (Found: C, 52.5; H, 3.6; N, 8.5. C,3sH»nNyFi,
requires C, 52.3; H, 3.5; N, 8.7). '"H N.M.R.S: 1.3, t, CHy;
1.4, t, CH,; 3.8, t, CHy; 3.9, t, CHy; 4.5, bs, NH; 7.2, t, H 6;
7.7,s,H 3;80,d,J 6 Hz, H 7; 8.8, d, J 6 Hz, H 5. °C
N.M.R. &: 26.1, CHy; 42.4, CH,; 65.2, CHy; 110.2, C 3;
118.5, C 4a; 119.4, bq, 'Jcr 213 Hz, 2-CF3; 124.3, q, 2Jer 32
Hz, C 8; 125.2, bq, 'Jcr 213 Hz, 8-CF3; 128.8, C 7; 130.2, C
6; 133.4, C 5; 143.9, C 8a; 147.9, q, ?Jer 32 Hz, C 2; 152.4,
C 4. E.i. mass spectrum m/z : 642 (M, 18%), 362 (16), 349
(46), 307 (100), 293 (77), 273 (23), 224 (30), 44 (44). Viax
(KBr): 3423w, 2938m, 1593s, 1446w, 1173s.

N,N-bis(2-trifluoromethylquinolin-4-yl) piperazine (9):
Yield 44%. Recrystallisation solvent, methanol. M.p. 310 °C.
(Found: C, 60.0; H, 3.8; N, 11.7. C,4sH gN4F¢ requires C,
60.5; H, 3.8; N, 11.8). "H N.M.R. &: 3.2, t, CHy; 3.3, t, CHy;
71,t, H6;72,t, H7;7.4,s,H3;79,d,J] 6 Hz, H 5; 8.1, d,
J6 Hz, H 8. >C N.M.R. 8: 25.7, CH,; 42.5, CH,; 65.3, CHy;
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109.7, C 3; 118.4, C 4a; 120.2, bq, Jer 213 Hz, 2-CF;y;
124.5, C 5;125.7, C 6; 128.0, C 8; 132.8, C 7; 142.8, C 8a;
146 .4, q, 2JCF 32 Hz, C 2; 151.4, C 4. E.i. mass spectrum m/z:
476 (M, 67%), 251 (100), 224 (44), 89 (18), 45 (34). Vmax
(KBr): 3386w, 2934w, 1583s, 1419s, 1303m, 1242m, 1111s.

N,N-bis[2,8-bis(trifluoromethyl)quinolin-4-yljpiperazine
(10): Yield 30%. Recrystallisation solvent, DMF. M.p. 350
°C (Found: C, 51.5; H, 2.6; N, 9.4. C,6H 4N4F1, requires C,
51.0; H, 2.6; N, 9.2). '"H N.M.R. &: 3.1, t, CHy; 3.3, t, CHy;
7.1,t,H6;7.8,s,H3;82,d,J6 Hz, H7;8.5,d,J 6 Hz, H 5.
BC N.MR. §: 26.8, CH,; 43.0, CH,; 65.5, CH,; 109.7, C 3;
118.3, C 4a; 119.5, bq, 'Jcr 213 Hz, 2-CF3; 124.3, q, *Jer 32
Hz, C 8; 125.6, bq, 'Jcr 213 Hz, 8-CF3; 126.8, C 7; 129.5, C
6; 1329, C 5; 144.0, C 8a; 147.8, q, “Jcr 32 Hz, C 2; 152.5,
C 4. E.i. mass spectrum m/z: 612 (M, 52%), 319 (100), 292
(38), 223 (42), 44 (22). Vmax (KBr): 3423w, 2938m, 1593s,
1314s, 11375, 765m.

ASSESSMENT OF ANTIMALARIAL ACTIVITY AND
CYTOTOXICITY

Preparation of Compound Suspension

The test compounds were dissolved in 10% methanol to
give a 2 mg/ml stock solution. All the compounds formed a
milky suspension in this solvent system and were tested as
such. Chloroquine (CQ) was used as the reference drug in all
experiments. The stock solutions of the compounds were
stored at — 20 °C until use. A full dose response was per-
formed with a starting concentration of 100 ug/ml, which
was serially diluted 2-fold in complete culture medium
(RPMI 1640 containing 25 mmol// HEPES buffer, 20 pg/ml
gentamycin, 27 mmol NaHCO;, and 10% normal type A
human serum) to give 10 concentrations ranging from 0.01
to 100 ug/ml. Chloroquine was tested at a starting concentra-
tion of 1000 ng/ml using the same dilution technique. The
highest concentration of solvents to which the parasites were
exposed to had no measurable effect on the parasite viability.

Preparation of the Parasites

The parasites inocula used in the experiments consisted
of isolates of the chloroquine-sensitive (D10) and chloro-
quine-resistant (K1) strains of P. falciparum obtained from
Groote Schuur Hospital, Cape Town, South Africa. These
were used when the tropozoite stage parasitaemia was ad-
justed to at least 2 % with normal type A human red blood
cells (2% hematocrit). The parasite culture was suspended in
complete tissue culture medium (RPMI 1640 containing 25
mmol// HEPES buffer, 20 ug/ml gentamycin, 27 mmol Na-
HCOs3) and 10% normal type A human serum. 25 w/ of the
drug suspension to contain from 0,01 to 100 ug/ml of the
drugs were added in triplicate at 0.2 ml//well into 96-well
flat-bottom microtitre plates, leaving one row for positive
control (no drug containing parasitised red blood cells) and
one row for background control (no parasites but only red
blood cells). Incubation was carried out at 37 °C in a humidi-
fied atmosphere of 6% CO,, 3 % O, and 91% N, for 48
hours.

Harvesting (the Parasite Lactate Dehydrogenase Assay)

After the incubation period, the parasite Lactate dehydro-
genase (pLDH) was determined. 10 ul from each well of the
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suspended culture was transferred into another 96 well, flat
bottom microtiter plate that contained 100 ug of the Malstat
reagent. The plates were left in the dark for 0.5 — 1.0 hour.
At the end of this period, the reduction of APAD to APADH
was followed kinetically. To each well 25 w/ of a 20:1 mix-
ture of nitroblue tetrazoluim (NBT) and phenazine ethosul-
phate (PES) was added and the reduction of the tetrazolium
to the blue formazan salt was followed for 10 minutes at 650
nm. Finally the blue formazan product was evaluated after
addition of 30 w/ of 2NH,SO, by end-point analysis at 650
nm using the Anthos Labotec. HT2 model 1.06 (Anthos
Labotec Instruments, Salzburg, Austria. The 50% inhibitory
concentration (ICsq) values were obtained using a non-linear
dose-response curve fitting analyses via GraphPad Prism v
4.0 software.

Interaction of the Compounds with Ferriprotoporphyrin
IX

Stock solutions were prepared by dissolving between 6 to
8 mg of accurately weighed Ferriprotoporphyrin IX (Sigma-
Aldrich Chemie, Steinheim, Germany) in 10 ml AR grade
DMSO (Sigma-Aldrich Chemie). These stock solutions were
stored in the dark. Aqueous-DMSO (40% v/v) solutions of
FP were prepared daily by mixing 20 u/ of the FP stock solu-
tion with 4 ml DMSO and 1 ml 0. 2 M HEPES buffer (pH
7,4) and making up to 10 ml with deionised water. Solutions
of the compounds of interest were prepared by dissolving
them in 0.02M HEPES and 40% DMSO to obtain final con-
centrations of about 2 mM. The ferriprotoporphyrin IX -
compounds interactions were monitored by spectrophotomet-
ric titration of both sample and reference solutions in a ther-
mostated cell holders using a Cary 100 Conc UV/VIS Spec-
trophotometer (Varian Australia (Pty) Ltd., Mulgrave Victo-
ria, Australia) at 25 °C and measuring the absorbance of the
Soret band at 230 nm. A reference cell was titrated simulta-
neously with the compounds. The compounds seem to give
similar reaction with Ferriprotoporphyrin IX.

Determination of the Cytotoxicity of the Compounds

The mammalian cell line, Chinese hamster Ovarian
(CHO) obtained from the Department of Medicine, Univer-
sity of Cape Town were grown in RPMI 1640 supplemented
with 50 uM 2-mercaptoethanol and 5 — 10% foetal bovine
serum in a 6% CO, atmosphere, were used for the study.
Stock solutions of compounds exhibiting highest activity
against the chloroquine-resistant strains of P. falciparum,
compounds 4, 6, 8 and 10, were prepared to a 2 mg/ml in
10% methanol and stored at —20 °C until use. All the com-
pounds formed milky suspensions. The initial concentration
of Emetine (Sigma-Aldrich Chemie, Steinheim, Germany)
used as a standard, was 100 ug/ml and was serially diluted in
complete medium to 10-fold dilutions to give 6 concentra-
tions ranging from 0.001 to 100 ug/ml. Similarly, the test
compounds were diluted from the stock solutions to form
concentrations from 0.01 to 100 ug/ml. The highest concen-
tration of the solvent to which the cells were exposed to did
not have a measurable effect on the cell viability.

Colorimetric Assay

3-(4,5-dimethilthiazol-2-yl)-2,5-diphenyl tetrazolium bro-
mide (MTT) (Sigma-Aldrich Chemie, Germany) was dis-
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solved in phosphate-buffered saline at 5 mg/ml and filtered
to sterilise and remove a small amount of insoluble residue
present to form a stock solution. At regular intervals this
stock solution (10 ul per 100 ul) was added to all the wells
of the 96-well flat bottom trays, each of which contains 1 x
10° cells to which 25 ul of the drug suspensions varying in
concentrations from 0.01 to 100 ug/ml was added. One row
contained the cells and the Emetine standard ranging in con-
centration from 0.01 to 100 wg/ml. The plates were incu-
bated at 37 °C for 4 hours. Acid-isopropanol (100 ul of 0.04
N HCl is isopropanol) was added to all the wells and mixed
thoroughly to dissolve the dark blue crystals. After a few
minutes at room temperature, the plates were read at 650 nm
using the Anthos Labotec.HT2 model 1.06 Microelisa reader
linked to a computer with GraphPad Prism v.4 software. The
50% inhibitory concentration (ICsy) values were obtained
from the full dose-response curves using a non-linear dose
response curve fitting analysis. The plates were normally
read within 1 hour of adding the isopropanol.

ACKNOWLEDGEMENT

Excellent technical assistance and support from the staff
of the Department of Medicine, Division of o Pharmacology,
University of Cape Town, Mr P.Moremi of the Department
of Pharmaceutical Chemistry, University of Limpopo (Tur-
floop Campus) are acknowledged.

REFERENCES

[1 Gabay, T.; Krugliak, M.; Shalmiev, G.; Ginsburg, H. Parasitology,
1994, 108, 371.

[2] Dorn, A.; Stoffel, R.; Matile, H.; Budendorf, A.; Ridley, R.G. Na-
ture, 1995, 374, 269.

[3] Raynes, K.J.; Foley, M.; Tilley, L.; Deady, L.W. Biochem. Phar-
macol., 1996, 52, 551.

[4] Dorn, A.; Vippagunta, S.R.; Matile, H.; Jaquet, C.; Vennerstrom,
J.L.; Ridley, R.G. Biochem. Pharmacol., 1998, 55: 727.

[5] Hawley, S.R.; Bray, P.G.; Mungthin, M.; Atkinson, J.D.; O’Neill,
P.M.; Ward, S.A. Antimicrob. Agents Chemother., 1998, 42, 682.

[6] Egan, T.J.; Hunter, R.; Kaschula, C.H.; Marquez, H.M.; Mavuso,
W.W. S. Afi. J. Sci., 1998. 94, 1.

[71 Chou,A.C.; Fitch, C.D. J. Clin. Invest., 1981, 68, 672.

[8] Vander Jagt, D.L.; Hunsaker, L.A.; Campos, N.M. Mol. Biochem.
Parasitol., 1986, 18, 389.

[9] Egan, T.J.;Ross, D.C.; Adams, P.AM. S. Afi. J. Sci., 1996, 92, 11

[10] O’Neill, P.M.; Willock, D.J.; Hawley, S.R.; Bray, P.G.; Storr, R.C.;
Ward, S.A.; Park, BK. J. Med. Chem., 1997, 40, 437.

[11] Calas, M.; Cordina, G.; Bompart, J.; Bari, M.B.; Jei, T.; Ancelin,
M.L.; Vial, H. J. Med. Chem., 1997, 40: 3557.

[12] Strekowsky, L.; Mokrosz, J.L.; Honken, V.A.; Czarny, A.; Cegla,
M.T.; Wydra, R. L.; Patterson, S.E.; Schinanzi, R.F. J. Med.
Chem., 1991, 34, 1739.

[13] Marquez, HM.; Vorster, K.; Egan, T.J. Inorg. Biochem., 1996, 64,
7.

[14] Egan, T.J.; Hunter, R.; Kaschula,C.H.; Marques, H.M.; Misplon,
A.; Walden, J. J. Med. Chem., 2000, 43, 283.

Received: 26 July, 2007 Revised: 02 January, 2008 Accepted: 07 January, 2008

[15]
[16]

[17]

[43]

[44]

Medicinal Chemistry, 2008, Vol. 4 No. 5 445

De, D.; Krogstad, F.M.; Byers, L.D.; Krogstad, D.J. J. Med. Chem.,
1998, 41, 4918.

Thompson, P.E.; Werbel, L.M. Antimalarial Agents in Chemistry
and Pharmacology; Vol. 12. Academic Press, New York, 1972.
Vippagunta, S.R.; Dorn, A.; Matile, H.; Bhattacharjee, A.K.; Karle,
JM.; llis, W.Y.; Ridley, R.G.; Vennerstrom, J.L. J. Med. Chem.,
1999, 42, 4630.

Kgokong, J.L.; Matsabisa, G.M; Breytenbach, J.C. Arzneim.-
Forsch. Drug Res., 2001, 51, 163.

Slater, A .F.G. Pharmacol. Ther., 1993, 57, 203.

Calas, M.; Ancelin, M.L.; Cordina, G.; Portefaix, P.; Piquet, G.;
Vidal-Sailham, V.; Vial, H. J. Med. Chem., 2000, 43, 505.

Raynes, K.J.; Stocks, P.A.; O’Neill, P.M.; Park, B.K.; Ward, S.A.
J. Med. Chem., 1999, 42,2747.

Ridley, R.G.; Hofheinz, W.; Mattile, H.; Jaquet, C.; Dorn, A.;
Masciadri, R.; Jolidon, S.; Richter, W.F.; Guenzi, A.; Girometta,
M,-A.; Urwyler, H.; Huber, W.; Thaithong, S.; Peters, W. Antimi-
crob. Agents Chemother., 1996, 40, 1846.

Malabarba, A.; Ciabatti, R.; Kettenring, J.; Scitti, R.; Candiani,
G.;Pllanza, R.; Berti, M.; Goldstein, P. J. Med. Chem., 1992, 35,
4054.

Ohnmacht, C.J.; Patel, A.R.; Lutz, R.E. J. Med. Chem., 1971, 14,
926.

Rinehart, J.; Arnold, J.; Canfield, C.J. Am. J. Trop. Med. Hyg.,
1976, 25, 769.

Palmer, K.J.; Holliday,S.M.; Brogden, R.N. Drugs, 1993, 45, 430.
Fitch, C.D.; Chan, R.L.; Chevli, R. Antimicrob. Agents Chemother.,
1979, 15, 260.

Chevli, R.; Fitch, C.D. Antimicrob. Agents Chemother. 1982, 21,
581.

Kgokong, J.L.; Breytenbach, J.C. S. 4fi. J. Chem., 2000, 53, 100.
Trager,W.; Jensen, J.B. Science, 1976, 193, 673.

Makler, M.T.; Ries, J.M.; Bancroft, W.J.E.; Piper, R.C.; Gibbins,
B.L.; Hinrichs, D.J. Am. J. Trop. Med. Hyg., 1993, 48 (6), 739.
Makler, M.T.; Hinrichs, D.J. Am. J. Trop. Med. Hyg., 1993, 48,
205.

Menting, J.G.T.;Tilley, L.; Deady, L.W.; Ng, K.; Simpson, R.J.;
Cowma, A.F.; Foley, M. Mol. Biochem. Parasitol., 1997, 88, 215.
Vander Jagt, D.L.; Hunsaker, L.A.; Heidrick, J.E. Mol. Biochem.
Parasitol., 1981, 4, 255.

Egan, T.J.; Mavuso, W.W.; Ross, D.C.; Marques, H.H.. J. Inorg.
Biochem., 1997, 68, 137.

Mosmann, T. J. Immunol. Methods, 1983, 65, 55.

Rubinstein, L.V.; Shoemaker, R.H; Paull, K.D.; Simon, RM.;
Tosini, S.; Skehan, P.; Scudiero, D.A.; Monks, AS.; Boyd, M.R. J.
Nat. Cancer Inst., 1990, 1113.

Kgokong, J.L.; Wachira, J.M. Eur. J. Pharm. Sci., 2001, 12, 369.
Constantinidis, I.; Satterlee, J. D. J. Am. Chem. Soc., 1988, 110,
4391.

Ginsburg, H.; Stein, W.D. Biochem. Pharmacol., 1991, 41, 1463.
Basco, L.K.; Andersen, S.L.; Milhous, W.K.; Le Bras, J.; Ven-
nestrom, J.L. J. Am. Trop. Med. Hyg., 1994, 508, 200.

Ridley, R.G.; Matile, H.; Jaquet, C.; Dorn, A.; Hofheinz, W.; Le-
upin, W.; Masciadri,R.; Theil, F.-P.; Richter, W.F.; Girometta, M.-
A.; Guenzi, A.; Urwyl, H.; Gocke, E.; Potthast, J.-M.; Csato, M.;
Thomas, A.; Peters, W. Antimicrob. Agents Chemother., 1997, 41,
677.

Vennestrom, J.L.; Ager, A.L.; Dorn, A.; Andersen, S.L.; Genera,
L.; Ridley, R.G.; Milhous, W.K. J. Med. Chem., 1998, 41, 4360.
Vennestrom, J.L.; Ellis, W.Y.; Agar, A.L.; Anderson, S.L.; Gerena,
L.; Milhous, W.K. J. Med. Chem., 1992, 35, 2129.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


