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Abstract—A new class of 4-aminoquinoline derivatives based on the natural product isatin scaffold were designed and synthesized
for biological evaluation against three strains of the malaria parasite Plasmodium falciparum. These derivatives showed anti-plas-
modial IC50 values in the ranges of 1.3–0.079 and 2.0–0.050 lM against a chloroquine-sensitive (D10) and two resistant (K1 and
W2) strains of P. falciparum, respectively. In order to determine potential targets for this class of compounds in P. falciparum,
selected compounds were also tested against the parasitic cysteine protease falcipain-2. In terms of further development of this class
of isatin derivatives, two of the compounds based on a flexible alkyl chain linker and a thiosemicarbazone moiety warrant further
investigation as potential anti-plasmodial leads. These two derivatives showed good in vitro activity against K1 and W2 with IC50

values of 51 and 54 nM, respectively, while retaining potency against the D10 strain with IC50 values of 79 and 95 nM, respectively.
Generally speaking, the inhibitory potency of all compounds in the series against the parasites did not strongly correlate with inhibi-
tory potency against falcipain-2 for selected compounds tested, which at best was weak to moderate, suggesting other mechanisms of
inhibition may also be involved or compounds may be selectively taken up by Plasmodium falciparum.
� 2005 Elsevier Ltd. All rights reserved.
1. Introduction

Plasmodium falciparum malaria continues to be a global
health problem, especially in developing countries such
as sub-Saharan Africa. It is responsible for over 1 mil-
lion deaths per year.1 The rapid spread of resistance to
available anti-malarial drugs, especially chloroquine
and related quinoline-based agents, has highlighted the
need to identify alternative anti-malarial compounds.
Recent approaches aimed at decreasing and/or slowing
down the potential for quinoline-based anti-malarial
drug resistance has included the design and synthesis
of quinoline-containing dual inhibitors or �double drugs�
that would potentially inhibit haemozoin formation and
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another target within P. falciparum. This approach is
exemplified by cysteine protease inhibitors based on
mefloquine and chloroquine2 as well as quinoline-based
inhibitors of a neutral zinc aminopeptidase,3 primaqu-
ine-based plasmepsin inhibitors4 and inhibitors of anti-
oxidant enzymes, such as glutathione reductase, conju-
gated to a 4-aminoquinoline moiety.5,6

Amongst other objectives, our current medicinal chemis-
try programme is geared towards addressing the prob-
lem of drug resistance through the development of
single agents that provide maximal anti-infective and/
or anti-cancer activity by acting against multiple targets
within the same disease-causing organism and/or cell.7

Within this context, one of the approaches we have ta-
ken is to hybridize electrophilic moieties with known
minimum structural requirements for biological activity,
bioactiphores, from various anti-infective and/or anti-
cancer agents. The goal of this approach is to target,
amongst other things, cysteine residues of biomolecules
by exploiting the strong nucleophilic character of the
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thiol (SH) group, as a thiolate, which allows S-alkyl-
ation/arylation and S-acylation/sulfonylation of cysteine
residues. Indeed a vast number of cysteine protease
inhibitors exploit this property of sulfur.8–10

In our hybridization approaches, we have embarked on
the rational selection of a variety of electrophilic war-
heads and their chemical linkage to bioactiphores from
a diverse range of anti-infective (anti-malarial, anti-
tuberculosis, anti-trypanosomal and anti-HIV/AIDS)
and anti-cancer agents. This paper describes the design
and synthesis of 4-aminoquinoline-based isatin deriva-
tives 1–4 (Fig. 1), in which the ketone and thiosemicarb-
azone moieties serve as electrophilic warheads, and
reports on their in vitro anti-plasmodial activity against
a chloroquine sensitive (D10) and two resistant (K1 and
W2) strains of P. falciparum. A few non-quinoline Man-
nich bases 5 were also designed with a view to estab-
lishing preliminary structure–activity relationships with
respect to the role of the 4-aminoquinoline moiety in
the biological activity. In order to determine potential
targets for this novel class of aminoquinolines, and in
view of the fact that we have already reported on the
inhibition by isatins of parasitic cysteine proteases from
multiple protozoan parasites,11 a few selected com-
pounds were screened against a P. falciparum-derived
cysteine protease, falcipain-2, a known target for anti-
malarial agents that block haemoglobin degradation.12

The derivatives, 1–4, were designed on the basis of a
multi-therapeutic strategy exemplified for quinoline eth-
N

NH

O

N
R1

R2

N Cl

NH
NH2

S

privileged
isatin scaffold

N

accumulation

metal chelation

lipophilicity and
chain length to 

accumulation

H

Figure 2. Multi-therapeutic strategy for quinoline–ethylene isatin derivatives

N

N
N

N

O

X
R1

R2 Cl

R1

R

1; X = O
2; X = NNHC(S)NH2

Figure 1. Chemical structures of aminoquinoline and Mannich base isatin d
ylene isatin derivatives 4 in Figure 2. It is postulated that
quinoline anti-malarials accumulate in the parasite�s
acidic food vacuole and inhibit b-haematin formation.
Toxic haem thus builds up in the vacuole subsequently
killing the parasites.13 Though the mode of action of
these agents is still unclear, they remain potential
sources of anti-malarial therapy. This is partly because
P. falciparum has had difficulty developing rapid resist-
ance to this class of compounds. For example simple
modification of the lateral side chain of chloroquine
has resulted in new derivatives, including metalloc-
enes,14,15 with activity against chloroquine-resistant
strains.13,16,17

While the isatin unit is a privileged natural product scaf-
fold onto which other bioactiphores can be appended,
the thiosemicarbazone moiety has been selected to pro-
vide reactive sites (the imine and thiol carbonyl) for
alkylation of the enzyme cysteine thiolate.8,18 This moi-
ety is also likely a metal chelator in which the hydrazinic
nitrogen and sulfur atoms could be involved in binding
to endogenous iron within P. falciparum. This has impli-
cations for metabolism within the parasite by, for exam-
ple, inhibiting metal-dependent enzymes. The hydrazinic
nitrogen could also assist in the accumulation within the
acidic food vacuole of P. falciparum. The basic proton-
atable piperazine nitrogen of the Mannich bases 1 and 2
was envisaged to further increase accumulation of the
molecule. The 7-chloroquinoline moiety has been
proposed from earlier findings to bind to haematin in
the parasite�s acidic food vacuole, thus inhibiting
ucleophilic addition of enzyme active site thiol
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haemazoin formation, and also increases accumulation
of the drug due to the protonatable quinoline nitrogen.19

The variable alkyl chain in 3 and 4 is important not only
for circumversion of the chloroquine resistance mecha-
nism but also for lipophilicity, which is an important
parameter in the effectiveness of iron chelating anti-
malarial agents.20

1.1. Synthesis of target compounds

Chloro-4-piperazin-1-yl-quinoline 8, the precursor com-
pound for Mannich bases was firstly synthesized in good
yield (67%) from condensation of 4,7-dichloroquinoline
6 and piperazine 7 (excess) in N-methyl-2-pyrrolidine
(NMP), to give the target compound 8 (Scheme 1).

Upon the preparation of the required secondary amine
precursor 8, we proceeded with the Mannich reaction.
Mannich reactions can be performed via a one pot direct
multi-component protocol requiring isatin, an aldehyde
and an amine or via a preformed iminium ion. The latter
approach was used in this work. Accordingly, paraform-
aldehyde (1.0 equiv) and chloro-4-piperazin-1-yl-quino-
line 8 (1.0 equiv) were dissolved in ethanol and stirred
for 30 min. The iminiun ion formed in situ was then re-
acted with selected isatins 9 (Scheme 2a) and isatin-3-
thiosemicarbazones (Scheme 2b) in ethanol for 3 h at
room temperature to furnish the desired N-Mannich isa-
tin derivatives accomplished in low to excellent yields
26–93% (Table 1). The above mentioned approach was
used in the preparation of non-quinoline based Mannich
derivatives 5.

The quinoline–ethylene isatin derivatives 3 and 4 listed
in Table 2 were prepared according to Scheme 3. Reac-
tion of excess 2-amino ethanol 11 and 4,7-dichloroquino-
line 6 as reported previously19 gave 12 in a good yield of
92%. This was followed by o-mesylation21 in pyridine at
0 �C for 5 h to furnish mesylate 13 in a yield of 82%.
Chemoselectivity in the mesylation of preformed alcohol
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Scheme 1. Synthesis of chloro-4-piperazin-1yl quinoline 8. Reagents

and conditions: (a) K2CO3, Et3N, NMP, 135 �C, 4 h, 67%.
12 was not a problem in spite of the presence of the 4-
amino (NH) group, which is poorly nucleophilic due
to the conjugation of the lone pair of electrons into
the quinoline nitrogen. The synthesis of quinoline–ethyl-
ene isatin derivatives (Scheme 3) employed commercially
available isatins and sodium hydride as the base in N,N-
dimethylformamide (DMF) as the solvent resulting in
good yields (68–88%) of the products (Table 2). Selected
precursors were used in the synthesis of thiosemicarbaz-
ones, (Scheme 3).

1.2. Biological evaluation

IC50 values against recombinant falcipain-2 were deter-
mined essentially as described previously.22 Accord-
ingly, equal amounts (�1 nM) each of recombinant
protein were incubated with different concentrations of
inhibitors added from 100· stocks in DMSO in
100 mM sodium acetate (pH 5.5), �10 mM dithiothrei-
tol for 30 min at room temperature before addition of
the substrate benzoxycarbonyl-Leu-Arg-7-amino-4-
methyl-coumarin (final concentration, 25 lM). Fluores-
cence was continuously monitored for 30 min at room
temperature in a Labsystems Fluoroskan II spectrofluo-
rometer. IC50 values were determined from plots of
activity over inhibitor concentration with GraphPad
Prism software.

Parasites were cultured (D10 and K1) essentially as de-
scribed by Trager and Jensen.23 Initial 1 mg/mL stocks
of the compounds were made up in DMSO, diluted with
water and finally complete medium on the day of the
experiment. The highest concentration of DMSO that
the parasites were exposed to was 0.05%, which had
no measurable effect on parasite viability. No attempt
was made to determine IC50 values greater than
1000 ng/mL. All experiments were performed in dupli-
cate on a single occasion using a chloroquine-sensitive
strain of P. falciparum (D10). The more active com-
pounds were also tested against a chloroquine-resistant
strain of P. falciparum (K1). After culture with inhibi-
tors for 48 h, parasite lactate dehydrogenase (pLDH)
activity was used to measure parasite viability as de-
scribed by Makler et al.24

Ring stage P. falciparum strain W2 parasites were syn-
chronized for 15 min at 37 �C 5% sorbitol, adjusted to
2% haematocrit 1% parasitaemia, and incubated at
37 �C under the atmosphere of 3% O2, 5% CO2, 91%
N2 in mediumRPMI-1640 supplemented with 10%
human serum in the presence of various concentrations
of inhibitors for 48 h without media change. Inhibitors
4
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Table 1. Chemical and physical data of quinoline and non-quinoline Mannich based isatin derivatives
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Compound R1 R2 (R3)R4 X Time (h) % Yield Mp (�C)

1a H H — O 4 93 203–206

1b Me Me — O 4 85 209–213

1c Cl H — O 4 24 153–157

1d F H — O 4 94 110–117

1e Me H — O 4 55 202–203

1f I H — O 4 59 151–153

1g Br H — O 4 48 210–212

2a H H — NNHC(S)NH2 3 78 216–217

2b F H — NNHC(S)NH2 3 51 233–234

2c Cl H — NNHC(S)NH2 3 86 234–235

2d Br H — NNHC(S)NH2 3 73 236–237

2e Me H — NNHC(S)NH2 3 78 232–234

5a H H NEt2 NNHC(S)NH2 3 54 134–135

5b H H N NNHC(S)NH2 3 95 179–181

5c H H N NNHC(S)NH2 3 90 181–184

5d H H N O NNHC(S)NH2 3 92 208–210

5e H H N N
Ph
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Scheme 3. Synthesis of quinoline–ethylene isatin derivatives 3 and 4. Reagents and conditions: (a) 0.3 equiv of K2CO3, 0.3 equiv of Et3N, reflux, 8 h,
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were added from DMSO dissolved stocks, maximum
concentration of DMSO used was 0.1%. Two indepen-
dent assays are performed in 200 lL final volume in flat
bottom 96-well plates.
After 48 h the culture medium was removed and re-
placed with 1% formaldehyde in PBS pH 7.4, and fixed
for 48 h at room temperature. Fixed parasites were
transferred into 0.1% Triton-X-100 in PBS containing



Table 2. Chemical and physical data of a series of ethylene–quinoline isatin derivatives

N

X O

R1 R2

NH

N

Cl

3a – 4c

Compound R1 R2 X Time (h) %Yield Mp (�C)

3a H H O 16 88 240–243

3b Me H O 16 68 240–243

3c Cl H O 16 69 221–223

3d Me Me O 16 89 219

3e I H O 16 70 200–201

4a H H NNHC(S)NH2 3 70 167–171

4b Me H NNHC(S)NH2 3 89 227–230

4c Cl H NNHC(S)NH2 3 68 221–227
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1 nM dye YOYO-1 (Molecular Probes). Parasitaemia
was determined from dot plots (forward scatter vs Fluo-
rescence FL-1) acquired on FACSort flow cytometer
using CellQuest software (Beckton Dickinson).25

The 50% inhibitory concentration (IC50) values for the
compounds were obtained from the dose–response
curves, using non-linear dose–response curve fitting
analyses with GraphPad Prism v.3.00 software.
2. Results

The results of the biological evaluations are presented in
Table 3. Quinoline thiosemicarbazone derivatives 2 and
Table 3. IC50 values of compounds against chloroquine sensitive (D10), chlo

N

O

X

R1

R2 N N
N

Cl

Compound R1 R2 X

D10a

1a H H O 0.95

1c Cl H O 1.07

1d F H O 0.72

1f I H O 0.92

2a H H NNHC(S)NH2 1.37

2b F H NNHC(S)NH2 1.18

2c Cl H NNHC(S)NH2 1.37

2d Br H NNHC(S)NH2 0.64

3a H H O 0.90

3b Me H O 0.55

3c Cl H O 0.38

3d Me Me O 0.33

4a H H NNHC(S)NH2 0.32

4b Me H NNHC(S)NH2 0.079

4c Cl H NNHC(S)NH2 0.095

CQ 0.033

a Chloroquine-sensitive strain.
b Chloroquine-resistant strain.
c Falcipain-2.
d Not determined.
4 generally showed better inhibition of falcipain-2 com-
pared to the corresponding ketones 1 and 3. It is note-
worthy that all non-quinoline Mannich base
thiosemicarbazones 5 were less active compared to the
corresponding quinoline Mannich bases 4 (IC50 > 20
lM). This may suggest preference for larger hydropho-
bic groups in the S2 enzyme binding pocket.

Within the thiosemicarbazones, quinoline-Mannich base
derivatives 1a, 1c and 1e were more active against falci-
pain-2, with IC50 values mostly less than 10 lM, com-
pared to the ethylene quinolines 4a–b. Considering
compounds that were similar (2a–d) with respect to po-
sition 5 substituents, the general order of activity against
falcipain-2 was Br > F > H. This trend is consistent with
roquine resistant (K1 and W2) strains and falcipain-2

N

X O

R1 R2

NH

N

Cl

IC50, lM ClogP

K1b W2b FP-2c

NDd 0.96 >20 3.31

ND ND ND 4.32

0.72 0.91 >20 3.75

ND 0.79 20 4.61

ND 0.96 9.26 4.49

ND 1.19 7.99 4.63

ND 1.18 ND 5.20

0.52 1.23 6.07 5.35

0.99 0.12 >20 3.88

0.73 0.49 >20 4.38

1.51 ND ND 4.77

0.45 0.23 20 4.88

0.71 0.24 14.65 5.15

0.10 0.051 11.64 5.65

0.054 ND ND 5.86

0.312 0.240 ND 5.08
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the trend previously observed for isatin-3-thiosemicarb-
azones in which a large (iodo) substituent at position 5
resulted in high potency against the enzyme.11

In the study of anti-malarial effects of compounds 1–4, it
is evident that thiosemicarbazones 4a, 4b and 4c were
generally superior compared to the corresponding ke-
tone derivatives 3a, 3b and 3c. This trend was, however,
not observed for the Mannich bases 1 and 2. Com-
pounds 4b and 4c were particularly active against all
three P. falciparum strains. These two compounds were
even superior to chloroquine in the resistant W2 and K1
strains, with IC50 values of 0.051 and 0.054 lM, respec-
tively, while still retaining respectable activity against
D10. Within the thiosemicarbazones, the ethylene-based
derivatives were comparatively more potent than the
Mannich bases. For example, compounds 4b and 4c
had better IC50 values, roughly all less than 1 lM. Re-
moval of the quinoline ring system generally resulted
in a significant loss of activity against all the three para-
site strains (compounds 5a–f; IC50 values >10 lM for
strain W2). Among the more active ethylene–quinoline
thiosemicarbazones, methyl substitution at position 5
on the isatin ring resulted in better inhibitors of parasite
growth in W2 strain. Compound 4b, with IC50 =
0.051 lM, was superior (5-fold) to chloroquine in this
strain. Chloro substitution at position 5, as in 4c, also
showed excellent inhibitory activity against K1 with an
IC50 value of 0.054 lM, which was also superior (6-fold)
to chloroquine. Considering compounds of series 4 only,
the order of anti-malarial activity in K1 was generally
Cl > Me > H. In all cases, the biological assays did not
show the food vacuole abnormality that accompanies
intracellular falcipain-2 inhibition, that is, swelling due
to accumulation of undigested haemoglobin. The SAR
study within this class of compounds clearly shows no
strong correlation between inhibition of falcipain-2
and anti-malarial activity.
3. Discussion

We have shown that aminoquinoline thiosemicarbazone
derivatives of isatin are potent inhibitors of P. falcipa-
rum growth. Considering inhibition of the protease falci-
pain-2, quinoline-Mannich base isatin derivatives (2a, 2b
and 2d) blocked activity at IC50 values of less than
10 lM. Compounds 4a, 4b and 4c (quinoline–ethylene
isatin derivatives) effectively blocked parasite develop-
ment, but had modest activity against falcipain-2, sug-
gesting a lack of strong correlation between the
potencies of compounds against falcipain-2 and para-
sites. This suggests that the anti-malarial activity of
inhibitors 4a, 4b and 4c were not entirely due to inhibi-
tion of falcipain-2 and that other mechanisms, including
selective uptake of the compounds by the parasite, are
involved. Although falcipain-2 appears not to be the
principal target for these compounds, it is possible that
the compounds may be acting through the inhibition of
another cysteine protease since there are many cathepsin
L-like cysteine proteases in P. falciparum.25–27 The pos-
sibility that these compounds may be exerting their anti-
malarial effects through inhibition of another cysteine
protease in P. falciparum is supported by the fact that
isatins such as compounds 2a, 2b, 2d, 4a and 4b can bind
to and inhibit a cysteine protease.11 The inhibitory activ-
ity (albeit modest) as demonstrated against falcipain-2 is
a case in point. Alternatively compounds such as 4a, 4b,
4cmay be acting via a protease-independent mechanism.
Similar conclusions have recently been made for triden-
tate chelating 2-acetylpyridine thiosemicarbazones.28

Our results further suggest that compounds that share
structural features of the potent compounds that we
have identified, but also have improved intracellular
inhibition of falcipain-2, should offer excellent anti-
malarial activity.

The excellent inhibitory results against parasite develop-
ment by compounds 4a, 4b and 4c led to the speculation
that improved potency could have been due to the con-
tribution from specific moieties notably thiosemicarb-
azone and 4-aminoquinoline moieities, the ethylene lin-
ker and substituents at position 5 of the isatin scaffold
(chloro and methyl substitution at position 5 on the aro-
matic ring of the isatin is favoured presumably for bind-
ing to the target). Thiosemicarbazones are potential
metal-chelators in P. falciparum, which may exhibit bio-
logical activity by a number of mechanisms including:
(a) metal-interactive inhibition of cysteine proteases;29

(b) inhibition of metal-dependent enzymes such as falci-
lysin,30 ribonucleotide reductase31,32 and aminopepti-
dases;3 (c) formation of lethal complexes, which are
directly toxic to the parasite as a result of the induction
of oxidative stress.28

Introduction of the ethylene linker in the molecule was
generally more favoured compared to Mannich bases
with a piperazinyl linker. The ethylene linker increases
the lipophilicity of compounds 4a, 4b, 4c compared to
1 and 2. For example compounds 4a and 4c have higher
ClogP values compared to the corresponding Mannich
base compounds 2a and 2c, which probably aids their
passage through parasite membranes on the way to their
presumed site of action, the acidic food vacuole. If these
compounds are also exerting their anti-malarial effects
via chelation of iron in P. falciparum, then high lipophili-
city is a major contributor. Lipophilicity is an important
physical property of iron chelators since the iron with-
held by chelators from P. falciparum most likely resides
within the parasitic compartment of the malaria infected
red blood cell. As such an effective anti-malarial iron
chelator should have the ability to cross-lipid mem-
branes and display high selective affinity for iron (II)
or iron (III) compared to other endogenous transition
metals. A correlation between the degree of lipophilicity
of an iron chelator and its anti-plasmodial activity has
been demonstrated.20
4. Conclusion

In summary we have designed compounds based on a
multi-therapeutic strategy that were effective against
three strains of the malaria parasite P. falciparum and
with potential to inhibit P. falciparum-derived cysteine
proteases. Two compounds were particularly effective
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against chloroquine-resistant strains, thus validating
their ability to evade the chloroquine resistance mecha-
nism and cross-membranes to reach their site of action.
These results indicate that multi-therapeutic strategies
are promising strategies for identifying hits for subse-
quent optimization into potential leads against drug
resistant parasites. Given the presumed multiple targets
for the different moieties of these compounds, each
mode of action needs to be determined with a view to
establishing the mechanisms(s) most responsible for
the observed anti-malarial activity.
5. Experimental

5.1. General

Proton nuclear magnetic resonance (1H NMR) spectra
were recorded at ambient temperatures using the follow-
ing instruments: Varian Mercury (300 MHz) or Varian
Unity Spectrometer (400 MHz) and TMS was used as
an internal standard. The chemical shifts (d) are given
in parts per million relative to TMS (d = 0.00). Car-
bon-13 nuclear magnetic resonance (13C NMR) spectra
were recorded at 75 MHz or 100 MHz with the same
internal standard. Diverse solvents were used in the
determination of spectra for different compounds. The
chemical shifts (d) are given in ppm relative to TMS
(d = 0.00). Mass spectra were recorded by means of a
VG micromass 16 F spectrometer at 70 eV with acceler-
ating voltage 4 kV. Accurate masses were determined
using a VG-70E spectrometer and VG (Micromass)
70-SE magnetic sector mass spectrometer. Infrared spec-
tra were measured either in solution form using chloro-
form or as solids (KBr pellets) or Nujol mulls on a
satellite FT-IR spectrophotometer. Micro (elemental)
analysis was performed using a Fisons EA 1108
CHNS-O instrument. Melting points were determined
by using a Reicher–Jung Thermovar (temperature range
0–350 �C) on cover slips and are uncorrected. Column
chromatography and preparative layer chromatography
(p.l.c), carried out on silica gel (Merck Kieselgel 60)
were used in purification of samples. Reactions were
monitored by thin-layer chromatography (TLC) using
coated silica gel plates, detection by an ultra-violet lamp.
The lipophilicity of the compounds was estimated via
the ClogP values, which were calculated using Chem-
Draw Ultra 6.0.

5.1.1. 7-Chloro-4-piperazin-1-yl-quinoline (8). A mixture
of 4,7-dichloroquinoline (2.0 g, 10.10 mmol), piperazine
(4.35 g, 50.49 mmol), K2CO3 (0.419 g, 3.03 mmol), tri-
ethylamine (0.423 mL, 3.02 mmol) in N-methyl-2-pyrrol-
idinone (10 mL) was stirred under nitrogen at 135 �C for
4 h. After cooling to room temperature, the mixture was
diluted with CH2Cl2 (50 mL) and washed with brine
(10 · 50 mL). The organic layer was separated, dried
over sodium sulfate, filtered and concentrated. Column
chromatography (SiO2; MeOH/EtOAc, 2:80) yielded
the amine 8 (1.87 g, 67%) as a white solid; mp 113–
114 �C (from methanol); Rf 0.34 (MeOH/EtOAc, 2:8);
dH (300 MHz; CDCl3); 8.70 (1H, d, J 5.1, H-2 0), 8.02
(1H, d, J 2.1, H-8 0), 7.93 (1H, d, J 9.0, H-5 0), 7.40
(1H, dd, J 2.1 and 9.0, H-6 0), 6.81 (1H, d, J 5.1, H-3 0),
3.17–3.12 (8H, br s, H-2 and H-3); dC (75 MHz);
157.3, 151.9, 150.2, 134.8, 128.9, 126.1, 125.2, 121.9,
108.9, 53.5 (2 · C) and 46.1 (2 · C); LRMS (EI) m/z
247 [66%, M+] and 205 [100%, M�C11H10N2Cl]. Anal
Calcd for C13H14N3Cl: C 63.0%, H 5.7%, N 16.9%.
Found: C 62.8%, H 5.6%, N 16.6%.

5.2. A. General procedure for preparing compounds 1a–g

To a solution of isatin or substituted isatin (0.2 g,
1.35 mmol) in 5 mL of 99.9% ethanol was added to a
mixture of compound 8 (0.27 g, 1.35 mmol) and aque-
ous formaldehyde 37% (0.03 mL, 1.35 mmol) also dis-
solved in 10 mL of 99.9% ethanol. The reaction
mixture was stirred for 3 h at room temperature, refrig-
erated for 48 h to form crystals. The crystalline products
were separated by filtration, washed and vacuum dried.
Recrystallization from ethanol rendered desired prod-
ucts in pure form.

5.2.1. N1-[4-(7-Chloro-quinolin-4-yl)-piperazin-1-ylmeth-
yl]-1H-indole-2,3-dione (1a). (0.51 g, 93%) obtained
as reddish-orange crystals; mp 203–206 �C (from
ethanol); IR (KBr) mmax/cm

�1 1730 (keto C@O), 1617
(amide C@O), 1572 (C@N); dH (300 MHz; CDCl3);
8.70 (1H, d, J 5.1, H-200), 8.02 (1H, d, J 2.1, H-800),
7.92 (1H, d, J 9.0, H-500), 7.66 (1H, dd, J, 0.6 and
8.0, H-4), 7.62 (1H, ddd, J 0.6, 6.8 and 7.8, H-6),
7.43 (1H, dd, J 2.1 and 9.0, H-600), 7.19 (1H, ddd, J
0.9, 6.8 and 8.0 and H-5), 7.10 (1H, d, J 7.8, H-7),
6.82 (1H, d, J 5.1, H-300), 4.60 (2H, s, –NCH2N–),
3.24 (4H, br s, –N(CH2CH2)2NAr), 2.95 (4H, br s,
–N(CH2CH2)2NAr); dC (75 MHz); 182.1, 159.0, 156.6,
151.8, 151.5, 150.1, 138.4, 128.9, 128.4, 126.3, 125.4,
125.2, 124.0, 121.8, 117.4, 111.5, 109.1, 62.3, 51.8
(2 · C) and 50.6 (2 · C); HRMS (FAB) found m/z
407.12661 [M+1]+, C22H19O2N4Cl requires 407.12747.
Anal Calcd for C22H19O2N4Cl C 64.4%, H 4.7%, N
13.3%. Found: C 64.6%, H 4.5%, N 13.3%.

5.2.2. N1-[4-(7-Chloro-quinolin-4-yl)-piperazin-1-ylmeth-
yl]-5,7-dimethyl-1H-indole-2,3-dione (1b). The conditions
employed for the preparation of this compound were
those described in general procedure A. However,
1.14 mmol of isatin and compound 8 were used.

(0.42 g, 85%) obtained as red crystals; mp 209–213 �C
(from ethanol); IR (CHCl3) mmax/cm

�1 1739 (keto
C@O), 1635 (amide C@O), 1542 (C@N); dH
(400 MHz; CDCl3); 8.71 (1H, d, J 5.2, H-200), 8.02
(1H, d, J 2.0, H-800), 7.93 (1H, d, J 9.0, H-500), 7.43
(1H, dd, J, 2.0 and 9.0, H-600), 7.31 (1H, d, J 2.0, H-
4), 7.20 (1H, d, J 2.0, H-6), 6.80 (1H, d, J 5.2, H-300),
4.51 (2H, s, –NCH2N–), 3.23 (4H, br s, –N–
CH2CH2NAr), 2.86 (4H, br s, –NCH2CH2NAr), 2.58
(3H, s, Ar–CH3), 2.29 (3H, s, Ar–CH3); dC (75 MHz);
182.7, 159.0, 157.7, 151.1, 150.1, 138.9, 134.9, 128.8,
128.7, 126.8, 125.9, 125.6, 125.0, 122.2, 118.4, 111.8,
109.8, 62.4, 52.8 (2 · C), 50.6 (2 · C), 20.1 and 19.1;
LRMS (EI) m/z 434 [58%, M+], 119 [100%, M�C8H9N].
Anal. Calcd for C24H23O2N4Cl: C 66.3%, H 5.3%, N
12.9%. Found: C 67.3%, H 5.5%, N 12.3%.
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5.2.3. N1-[4-(7-Chloro-quinolin-4-yl)-piperazin-1-ylmeth-
yl]-5-chloro-1H-indole-2,3-dione (1c). The conditions
employed for the preparation of this compound were
those described in general procedure A. However,
1.10 mmol of isatin and compound 8 were used.

(0.13 g, 24%) obtained as orange crystals; mp 153–
157 �C (from ethanol); IR mmax/cm

�1 1736 (keto
C@O), 1617 (amide C@O), 1511 (C@N); dH
(300 MHz; CDCl3); 8.69 (1H, d, J 5.0, H-200), 8.00
(1H, d, J 2.0, H-800), 7.89 (1H, d, J 8.8, H-500), 7.61
(1H, d, J 2.4, H-4), 7.57 (1H, dd, J 2.4 and 8.4, H-6),
7.42 (1H, dd, J 2.0 and 8.8, H-600), 7.09 (1H, d, J 8.4,
H-7), 6.80 (1H, d, J 5.0, H-300), 4.57 (2H, s, –NCH2N–),
3.21 (4H, br s, –NCH2CH2NAr), 2.91 (4H, br s,
–NCH2CH2NAr); dC (75 MHz); 181.9, 158.3, 156.6,
151.7, 149.9, 149.5, 138.8, 128.9, 128.4, 126.3, 125.2,
124.9, 123.7, 121.7, 118.4, 112.9, 109.1, 62.4, 51.8
(2 · C) and 50.6 (2 · C); LRMS (EI) m/z 440 [3%,
M+], 260 [100%, M�C14H15ClN3]. Anal. Calcd for
C22H18O2N4Cl2ÆH2O: C 57.6%, H 4.1%, N 12.2%.
Found: C 57.6%, H 4.1%, N 11.9%.

5.2.4. N1-[4-(7-Chloro-quinolin-4-yl)-piperazin-1-ylmeth-
yl]-5-fluoro-1H-indole-2,3-dione (1d). The conditions
employed for the preparation of this compound were
those described in general procedure A. However,
1.21 mmol of isatin and compound 8 were used.

(0.49 g, 94%) obtained as orange crystals; mp 110–
117 �C (from ethanol); IR (CHCl3) mmax/cm

�1,
1744 (keto C@O), 1615 (amide C@O), 1562 (C@N);
dH (400 MHz; CDCl3); 8.70 (1H, d, J 5.2, H-200), 8.03
(1H, d, J 2.0, H-800), 7.90 (1H, d, J 9.0, H-500), 7.42
(1H, dd, J 2.0 and 9.0, H-600), 7.35 (1H, d, J 2.1, H-4),
7.31 (1H, dd, J 2.1 and 8.2, H-6), 7.11 (1H, d, J 8.2,
H-7), 6.82 (1H, d, J 5.2, H-300), 4.58 (2H, s, –NCH2N–),
3.25 (4H, br s, –NCH2CH2NAr), 2.93 (4H, br s,
–NCH2CH2NAr); dC (75 MHz); 181.9, 159.6, 156.7,
151.8, 150.1, 150.0, 136.7, 136.1, 128.8, 126.7, 125.3,
125.0, 123.6, 121.9, 119.3, 112.4, 109.2, 62.7, 52.1
(2 · C), 50.8 (2 · C); HRMS (FAB) m/z 425.11703
[M+1]+ C22H18ClFN4O2 requires 425.11805. Anal.
Calcd for C22H18ClFN4O2ÆH2O: C 60.1%, H 4.3%, N
11.8%. Found: C 60.4%, H 4.3%, N 11.5%.

5.2.5. N1-[4-(7-Chloro-quinolin-4-yl)-piperazin-1-ylmeth-
yl]-5-methyl-1H-indole-2, 3-dione (1e). The conditions
employed for the preparation of this compound were
those described in general procedure A. However,
1.24 mmol of isatin and compound 8 were used.

(0.29 g, 55%) obtained as reddish-orange crystals;
mp 202–203 �C (from ethanol); IR (CHCl3) mmax/cm

�1,
1729 (ketone C@O), 1609 (amide C@O), 1518 (C@N);
dH (300 MHz; CDCl3); 8.69 (1H, d, J 5.1, H-200), 8.02
(1H, d, J 2.1, H-800), 7.90 (1H, d, J 8.7, H-500), 7.45
(1H, d, J 2.4, H-4), 7.43 (1H, dd, J 2.4 and 7.8, H-6),
7.38 (1H, dd, J 2.1 and 8.7, H-600), 7.02 (1H, d, J 7.8,
H-7), 6.81 (1H, d, J 5.1, H-300), 4.58 (2H, s, –NCH2N–),
3.24 (4H, br s, –NCH2CH2NAr), 2.94 (4H, br s,
–NCH2CH2NAr), 2.35 (3H, s, Ar–CH3); dC (75 MHz);
182.4, 159.1, 156.6, 151.5, 150.7, 150.2, 138.4, 128.8,
128.4, 126.4, 125.7, 125.6, 124.4, 121.8, 118.2, 110.5,
109.0, 62.3, 51.6 (2 · C), 50.6 (2 · C) and 21.2; HRMS
(FAB) found m/z 421.14346 [M+1]+ C23H21ClN4O2 re-
quires 421.14312. Anal. Calcd for C23H21ClN4O2ÆH2O:
C 62.8%, H 4.8%, N 12.8%. Found: C 63.0%, H 4.9%,
N 12.9%.

5.2.6. N1-[4-(7-Chloro-quinolin-4-yl)-piperazin-1-ylmeth-
yl]-5-iodo-1H-indole-2, 3-dione (1f). The conditions
employed for the preparation of this compound were
those described in general procedure A. However,
0.73 mmol of isatin and compound 8 were used.

(0.23 g, 59%) obtained as red crystals; mp 151–153
�C (from ethanol); IR (CHCl3) mmax/cm

�1 1745 (keto
C@O), 1602 (amide C@O), 1536 (C@N); dH
(400 MHz; CDCl3); 8.68 (1H, d, J 5.2, H-200), 8.02
(1H, d, J 2.0, H-800), 7.94 (1H, d, J 9.0, H-500), 7.93
(1H, d, J 0.3, H-4), 7.90 (1H, dd, J 0.3 and 8.0, H-6),
7.43 (1H, dd, J 2.0 and 9.0, H-600), 6.94 (1H, d, J 8.0,
H-7), 6.81 (1H, d, J 5.2, H-300), 4.58 (2H, s, –NCH2N–),
3.22 (4H, br s, –NCH2CH2NAr), 2.92 (4H, br s,
–NCH2CH2NAr); dC (75 MHz); 181.6, 158.6, 156.9,
151.8, 150.7, 150.0, 136.7, 135.8, 128.8, 126.4, 124.9,
124.5, 123.9, 121.8, 119.2, 113.7, 109.1, 62.4, 51.8
(2 · C) and 50.2 (2 · C); HRMS (FAB) found m/z
534.03212 [M+1]+ C22H18ClIN4O2 requires 534.03195.
Anal. Calcd for C22H18ClIN4O2Æ0.25H2O : C 49.2%, H
3.4%, N 10.4%. Found: C 49.2%, H 3.1%, N10.3%.

5.2.7. N1-[4-(7-Chloro-quinolin-4-yl)-piperazin-1-ylmeth-
yl]-5-bromo-1H-indole-2, 3-dione (1g). The conditions
employed for the preparation of this compound were
those described in general procedure A. However,
0.88 mmol of isatin and compound 8 were used.

(0.21 g, 48%) obtained as orange crystals; mp 210–
212 �C (from ethanol); IR (CHCl3) mmax/cm

�1 1736
(keto C@O), 1618 (amide C@O), 1502 (C@N); dH
(300 MHz; CDCl3); 8.70 (1H, d, J 5.1, H-200), 8.02
(1H, d, J 2.1, H-800), 7.90 (1H, d, J 9.0, H-500), 7.72
(1H, d, J 2.1, H-4), 7.55 (1H, dd, J 2.1 and 8.4, H-6),
7.42 (1H, dd, J 2.1 and 9.0, H-600), 7.05 (1H, d, J 8.4,
H-7), 6.82 (1H, d, J 5.2, H-300), 4.58 (2H, s, –NCH2N–),
3.24 (4H, br s, –NCH2CH2NAr), 2.93 (4H, br s,
–NCH2CH2NAr); dC (75 MHz); 182.2, 161.1, 156.6,
151.8, 150.8, 150.0, 136.1, 128.8, 128.4, 126.4, 126.0,
124.9, 124.0, 121.8, 118.1, 112.5, 109.0, 62.4, 51.8
(2 · C) and 50.6 (2 · C); LRMS (EI) m/z 486 [3%,
M+], 260 [100%, M�C14H15ClN3]. Anal. Calcd for
C22H18O2BrN4ClÆH2O: C 52.4%, H 3.6%, N 11.5%.
Found: C 52.7%, H 3.5%, N 11.6%.

5.3. B. General procedure for the preparation of
compounds 2a–e

To a solution of isatin or substituted isatin-3-thiosemi-
carbazone derivative (0.2 g, 1.36 mmol) in 5 mL of
99.9% ethanol was added a mixture of compound 8
(0.22 g, 1.36 mmol) and aqueous formaldehyde 37%
(0.027 mL, 1.35 mmol) also dissolved in 10 mL ethanol
(99.9%). The reaction mixture was stirred for 3 h at
room temperature for isatins or 45 �C for isatin-3-thio-
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semicarbazones, refrigerated for 48 h to form crystals.
The crystalline product was separated by filtration, vac-
uum dried and recrystallized from ethanol.

5.3.1. N1-[4-(7-Chloro-quinolin-4-yl)-piperazin-1-ylmeth-
yl-1H-indole-2,3-dione 3-thiosemicarbazone (1a). (0.29 g,
78%) obtained as orange crystals; mp 216–217 �C (from
ethanol); IR (KBr): mmax/cm

�1 3686 (N–H), 3036 (Ar–
H), 1675 (C@O), 1511 (C@N), 1122 (C@S); dH
(300 MHz; DMSO-d6); 12.40 (1H, s, NNH), 9.04 (1H,
s, NHH), 8.69 (1H, s, NHH), 8.65 (1H, d, J 5.2, H-
200), 7.96 (1H, d, J 9.0, H-500), 7.91 (1H, d, J 2.4, H-800),
7.66 (1H, dd, J 1.2 and 7.6, H-4), 7.48 (1H, dd, J 2.4
and 9.0, H-600), 7.42 (1H, ddd, J 1.2, 7.2 and 8.0, H-6),
7.32 (1H, d, J 7.2, H-7), 7.15 (1H, ddd, J 0.4, 7.6 and
8.0, H-5), 6.61 (1H, d, J 5.2, H-300), 4.60 (2H, s,
–NCH2N–), 3.13 (4H, br s, –NCH2CH2NAr), 2.87
(4H, br s, –NCH2CH2NAr); dC (75 MHz); 179.4,
162.6, 156.9, 152.8, 150.3, 144.5, 134.2, 131.8, 131.7,
128.9, 126.8, 126.4, 123.1, 122.1, 121.3, 120.1, 111.7,
110.2, 61.7, 52.3 (2 · C) and 50.7 (2 · C); HRMS
(FAB) m/z 480.13677 [M+1]+, C23H22ClN7OS requires
480.13732. Anal. Calcd for C23H22ClO5N7: C 57.6%,
H 4.6%, N 20.4%, S 6.7%. Found: C 57.6%, H 4.7%,
N 20.4%, S 6.8%.

5.3.2. N1-[4-(7-Chloro-quinolin-4-yl)-piperazin-1-ylmeth-
yl-5-chloro-1H-indole-2,3-dione 3-thiosemicarbazone (2c).
The conditions employed for the preparation of this
compound were those described in general procedure
B. However, 0.37 mmol of compound 1c and thiosemi-
carbazide were used.

(0.35 g, 86%) obtained as orange crystals; mp 234–
235 �C (from ethanol); IR (KBr): mmax/cm

�1 3687 (N–
H), 1675 (C@O), 1518 (C@N), 1120 (C@S); dH
(300 MHz; CDCl3); 12.3 (1H, s, NNH), 9.10 (1H, s,
NHH), 8.71 (1H, s, NHH), 8.68 (1H, d, J 5.4, H-200),
8.01 (1H, d, J 2.0, H-800), 7.88 (1H, d, J 8.8, H-500),
7.61 (1H, d, J 2.1, H-4), 7.59 (1H, dd, J 2.1 and 8.4,
H-6), 7.42 (1H, dd, J 2.0 and 8.8, H-600), 7.11 (1H, d, J
8.4, H-7), 6.81 (1H, d, J 5.4, H-300), 4.58 (2H, s,
–NCH2N–), 3.21 (4H, br s, –NCH2CH2NAr), 2.91
(4H, br s, –NCH2CH2NAr); dC (75 MHz); 178.7,
162.6, 158.3, 156.7, 151.7, 150.1, 149.5, 138.9, 128.9,
128.4, 126.4, 125.2,123.9, 123.7, 121.7, 119.1, 111.9,
110.0, 62.4, 51.9 (2 · C), 51.2 (2 · C). Anal. Calcd for
C23H21Cl2N7OS: C 53.8%, H 4.1%, N 18.6% S 5.8%.
Found: C 53.7%, H 4.1%, N 19.0%, S 6.2%; HRMS
(FAB) m/z 514.09889 [M+1]+ C23H21Cl2N7OS requires
514.09836.

5.3.3. N1-[4-(7-Chloro-quinolin-4-yl)-piperazin-1-ylmeth-
yl-5-bromo-1H-indole-2,3-dione3-thiosemicarbazone (2d).
The conditions employed for the preparation of this
compound were those described in general procedure
B. However, 0.67 mmol of compound 1d and thiosemi-
carbazide were used.

(0.27 g, 73%) obtained as orange crystals; mp 236–
237 �C (from ethanol); IR (KBr): mmax/cm

�1 3688 (N–
H), 1628 (C@O), 1515 (C@N), 1122 (C@S); dH
(300 MHz; DMSO-d6); 12.24 (1H, s, NNH), 9.14 (1H,
s, NHH), 8.87 (1H, s, NHH), 8.69 (1H, d, J 5.4, H-
200), 7.97 (1H, d, J 9.0, H-500), 7.91 (1H, d, J 2.4, H-800),
7.62 (1H, d, J, 2.1, H-4), 7.50 (1H, dd, J 2.1 and 7.8,
H-6), 7.39 (1H, dd, J 2.4 and 9.0, H-600), 7.35 (1H, d, J
7.8, H-7), 6.69 (1H, d, J 5.4, H-300), 4.67 (2H, s,
–NCH2N–), 3.15 (4H, br s, –NCH2CH2NAr), 2.89
(4H, br s, –NCH2CH2N–); dC (75 MHz); 179.5, 161.8,
156.9, 152.1, 149.5, 143.7, 133.5, 131.6, 131.0, 130.9,
127.9, 126.1, 125.7, 122.9, 121.3, 119.3, 111.0, 109.4,
60.9, 52.5 (2 · C) and 49.9 (2 · C); HRMS (FAB) m/z
558.04865 [M+1]+ C23H21BrClN6OS requires
558.04784. Anal. Calcd for C23H21BrClN7OS: C
49.4%, H 3.8%, N 17.0%, S 5.7%. Found: C 50.2%, H
3.9%, N 17.2%, S 5.1%.

5.3.4. N1-[4-(7-Chloro-quinolin-4-yl)-piperazin-1-ylmeth-
yl-methyl-1H-indole-2,3-dione-3-thiosemicarbazone (2e).
The conditions employed for the preparation of this
compound were those described in general procedure
B. However, 0.85 mmol compound 1e and thiosemicarb-
azide were used.

(0.33 g, 78%) obtained as yellowish-orange crystals;
mp 232–234 �C (from ethanol); IR (KBr): mmax/cm

�1

3687 (N–H), 1675 (C@O), 1518 (C@N), 1122
(C@S); dH (300 MHz; DMSO-d6); 12.37 (1H, s,
NNH), 9.17 (1H, s, NHH), 8.91 (1H, s, NHH), 8.68
(1H, d, J 5.4, H-200), 7.99 (1H, d, J 9.0, H-500),
7.94 (1H, d, J 2.1, H-8), 7.78 (1H, d, J 2.1, H-4),
7.55 (1H, dd, J 2.1 and 8.7, H-6), 7.48 (1H, d, J 2.1
and 9.0, H-600), 7.34 (1H, d, J 8.7, H-7), 6.69 (1H, d,
J 5.4, H-300), 4.81 (2H, s, –NCH2N–), 3.16 (4H, br s,
–NCH2CH2NAr), 2.90 (4H, br s, –NCH2CH2NAr),
2.27 (3H, s, Ar–CH3); dC (75 MHz); 179.4, 161.7,
156.2, 152.8, 149.5, 144.0, 142.4, 134.6, 132.0, 130.8,
127.9, 126.1, 125.0, 123.6, 121.3, 120.0, 112.3, 109.4,
63.1, 51.6 (2 · C), 49.5 (2 · C) and 21.3; HRMS
(FAB) m/z 494.15187 [M+1]+ C24H24ClN7OS requires
494.15297. Anal. Calcd for C24H24ClN7OS: C 58.4%,
H 4.9%, N 19.8%, S 6.5%. Found: C 58.4%, H 4.9%,
N19.7%, S 6.2%.

5.4. C. General procedure for preparation of compounds
5a–f

Equimolar quantities of isatin-3-thiosemicarbazone
(0.20 g, 0.91 mmol), amine (0.09 mL, 0.91 mmol) and
paraformaldehyde (0.08 g, 0.90 mmol) were dissolved
in warm 99.9% ethanol. The mixture was continuously
stirred at 25 �C for 6 h. After standing for approxi-
mately 24 h in the fridge, a crystalline product was
formed. The product was then separated by filtration,
vacuum dried and recrystallized from ethanol.

5.4.1. N1-Diethylaminomethyl-indole-2,3-dione-3-thiosemi-
carbazone (5a). (0.15 g, 54%) obtained as yellow crystals;
mp 134–135 �C (ethanol) (lit. 135 �C);33 dH (300 MHz;
DMSO-d6); 12.10 (1H, s, NNH), 9.05 (1H, s, NHH),
8.69 (1H, s, NHH), 7.71 (1H, dd, J 0.9 and 7.5, H-4),
7.44 (1H, ddd, J 0.9, 6.6 and 8.0, H-6), 7.17 (1H, ddd,
J 0.9, 6.6 and 7.5, H-5), 7.19 (1H, d, J 8.0, H-7), 4.52
(2H, s, –NCH2N–), 2.65 (4H, q, J 6.9, –NCH2CH3),
1.06 (6H, t, J 6.9, –NCH2CH3).
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5.4.2. N1-Piperidin-1-ylmethyl-indole-2,3-dione-3-thiosemi-
carbazone (5b). (0.27 g, 95%); obtained as yellow solids;
mp 179–180 �C (from ethanol) (lit. 174 �C);33 dH
(300 MHz, DMSO-d6); 12.38 (1H, s, NNH), 9.05 (1H,
s, NHH), 8.69 (1H,s, NHH), 7.71 (1H, dd, J 0.9 and
7.5, H-4), 7.41 (1H, ddd, J 0.9, 7.8 and 8.1, H-6), 7.26
(1H, d, J 7.8, H-7), 7.17 (1H, ddd, J 1.2, 7.5 and 8.1,
H-5), 4.47 (2H, s, –NCH2N–), 2.54 (4H, t, J 4.8, H-
2 0), 1.46 (4H, m, H-3 0 3 0), 1.33 (2H, m, H-4 0 4 0).

5.4.3. N1-Pyrrolidin-1-ylmethyl-indole-2,3-dione-3-thio-
semicarbazone (5c). (0.25 g, 90%) obtained as yellow
crystals; mp 181–184 �C (from ethanol) (lit. 177–
178 �C);33 dH (400 MHz, DMSO-d6); 12.29 (1H, s,
NNH), 9.03 (1H, s, NHH), 8.68 (1H, s, NHH), 7.68
(1H, dd, J 1.2 and 7.6, H-4), 7.42 (1H, ddd, J 1.2, 7.2
and 8.0, H-6), 7.23 (1H, d, J 8.0, H-7), 7.12 (1H, ddd,
J 0.9, 7.2 and 7.6, H-5), 4.61 (2H, s, –NCH2N–), 2.60
(4H, br t, J 3.2, H-2 0), 1.65 (4H, m, H-3).

5.4.4. N1-Morpholin-4-ylmethyl-indole-2,3-dione-3-thio-
semicarbazone (5d). (0.27 g, 92%); as yellow crystals;
mp 208–210 �C (from ethanol) (lit. 215–216 �C);33 dH
(300 MHz; DMSO-d6); 12.37 (1H, s, NNH), 9.05 (1H,
s, NHH), 8.70 (1H, s, NHH), 7.72 (1H, dd, J 0.6 and
7.2, H-4), 7.42 (1H, ddd, J 0.9, 7.5 and 8.0, H-6), 7.27
(1H, d, J 8.0, H-7), 7.15 (1H, ddd, J 0.6, 7.2 and 7.5,
H-5), 4.49 (2H, s, –NCH2N–), 3.54 (4H, br s, H-3 0),
2.57 (4H, br s, H-2 0).

5.4.5. N1-4-Benzyl-piperazin-1-ylmethyl-indole-2,3-dione-
3-thiosemicarbazone (5e). (0.23 g, 63%); obtained as
yellow crystals; mp 187–188 �C; IR (KBr): mmax/cm

�1

3680 (N–H), 3428 (N–H), 1637 (C@O), 1505 (C@N),
1123 (C@S); dH (300 MHz, DMSO-d6); 12.38 (1H, s,
NNH), 9.06 (1H, s, NHH), 8.69 (1H, s, NHH),
7.71 (1H, dd, J 0.9 and 7.5, H-4), 7.43 (1H, ddd, J
0.9, 7.2 and 7.8, H-6), 7.25–7.23 (5H, m, H-200, H-300,
H-400, H-500 and H-600), 7.19 (1H, d, J 7.8, H-7),
7.17 (1H, ddd, J 0.6, 7.2 and 7.5, H-5), 4.52 (2H, s,
–NCH2N–), 3.43 (2H, s, –NCH2Ar), 2.59 (4H, br s,
–NCH2CH2NCH2Ar), 2.34 (4H, br s, –NCH2CH2-
NCH2Ar); dC (75 MHz); 178.7, 161.6, 143.7, 138.2,
131.0, 130.9, 128.6 (2 · C), 128.0, 126.8 (2 · C), 122.8,
120.5, 119.2, 111.1, 61.8, 52.3 (2 · C), 50.1 (2 · C) and
49.9. Anal. Calcd for C21H24N6OS: C 62.1%, H 6.6%,
N 20.1%, S 6.6. Found: C 61.7%, H 5.9%, N 20.6%, S
6.6%; HRMS (FAB) m/z 409.18109 [M+1]+,
C21H24N6OS requires 409.18106.

5.4.6. N1-4-Phenyl-piperazin-1-ylmethyl-indole-2,3-dione-
3-thiosemicarbazone (5f). (0.27 g, 76%) obtained yellow-
ish crystals; 188–191 �C; IR (KBr): mmax/cm

�1 3686 (N–
H), 3575 (N–H), 1694 (C@O), 1502 (C@N), 1127
(C@S); dH (300 MHz, DMSO-d6); 12.39 (1H, s,
NNH), 9.04 (1H, s, NHH), 8.69 (1H, s, NHH), 7.79
(1H, dd, J 0.9 and 7.6, H-4), 7.45 (1H, ddd, J 0.9, 6.6
and 8.0, H-6), 7.18 (1H, d, J 8.0, H-7), 7.21–7.13 (5H,
m, H-200, H-300 and 400), 7.10 (1H, ddd, J 0.6, 6.6 and
7.6, H-5), 4.59 (2H, s, –NCH2N–), 3.09 (4H, br s,
–NCH2CH2NAr), 2.76 (4H, br s, –NCH2CH2NAr); dC
(75 MHz); 178.7, 161.7, 151.0, 143.7, 131.1, 130.9,
128.8, 122.0, 120.6 (2 · C), 120.5, 119.3 (2 · C), 119.2,
111.1, 60.9, 50.1 (2 · C) and 48.1 (2 · C). Anal. Calcd
for C20H22N6OS: C 60.9%, H 5.6%, N 21.3%, S 8.1%.
Found: C 61.3%, H 6.3%, N 18.7%, S 5.7%; HRMS
(FAB) m/z 395.16544 [M+1]+, C20H22N6 OS requires
395.16541.

5.5. D. General procedure for the preparation of
compounds 4

Equimolar quantities of ethyl-quinoline isatin derivative
(0.1 g, 0.284 mmol) and thiosemicarbazide (0.038 g,
0.284 mmol) were dissolved in warm 99.9% ethanol.
The mixture was then continuously stirred at 45 �C for
5–6 h. After standing for approximately 24 h at room
temperature, a crystalline product was formed. The
product was then separated by filtration, vacuum dried
and recrystallized from acetonitrile.

5.5.1. N1-[2-(7-Chloro-quinolin-4-ylamino)-ethyl]-1H-
indole-2,3-dione-3-thiosemicarbazone (4a). (0.08 g, 70%)
obtained as orange crystals; mp 167–171 �C (from ace-
tonitrile); IR (KBr): mmax/cm

�1 3680 (N–H), 3404 (N–
H), 3012 (Ar-H), 1635 (C@O), 1516 (C@N), 1140
(C@S); dH (400 MHz, DMSO-d6); 12.31 (1H, s,
NNH), 9.02 (1H, s, NHH), 8.67 (1H, s, NHH), 8.40
(1H, d, J 5.4, H-200), 7.98 (1H, d, J 9.0, H-500), 7.76
(1H, d, J 2.0, H-800), 7.67 (1H, dd, J 0.6 and 7.4, H-4),
7.38 (1H, dd, J 2.0 and 9.0, H-600), 7.28 (1H, ddd, J
0.6, 7.6 and 7.8, H-6), 7.10 (1H, ddd, J 0.9, 7.4 and
7.6, H-5), 7.02 (1H, d, J 7.8, H-7), 6.63 (1H, d, J 5.4,
H-300), 4.01 (2H, t, J 5.6, –CH2CH2NHAr), 3.65 (2H,
t, J 5.6, -CH2CH2NHAr); dC (75 MHz); 179.4, 161.8,
152.6, 150.5, 149.7, 149.1, 143.7, 138.6, 134.1, 128.2,
124.9, 124.5, 123.7, 123.1, 118.2, 117.3, 110.3, 104.5,
74.9 and 42.4; HRMS (FAB) found m/z 425.09419
[M+1]+, C20H17ClN6OS] requires 425.09513. Anal.
Calcd for C20H17ClN6OSÆ0.5H2O: C 55.4%, H 3.9%,
N 18.8%, S 6.9%. Found: C 55.3%, H 4.0%, N 18.8%,
S 6.9%.

5.5.2. N1-[2-(7-Chloro-quinolin-4-ylamino)-ethyl]-5-meth-
yl-1H-indole-2,3-dione-3-thiosemicarbazone (4b). The
conditions employed for the preparation of this com-
pound were those described in general procedure D.
However, 0.27 mmol of compound 1b and thiosemicarb-
azide were used.

(0.11 g, 89%) obtained as yellow-orange crystals; mp
227–230 �C (from ethanol); IR (KBr): mmax/cm

�1 3632
(N–H), 3378 (N–H), 1665 (C@O), 1506 (C@N), 1127
(C@S); dH (400 MHz; DMSO-d6); 12.29 (1H, s, NNH),
8.98 (1H, s, NHH), 8.63 (1H, s, NHH), 8.40 (1H, d, J
5.6, H-200), 8.01 (1H, d, J 9.0, H-500), 7.76 (1H, d, J
2.0, H-800), 7.49 (1H, d, J 2.0, H-4), 7.39 (1H, dd, J 2.0
and 9.0, H-600), 7.08 (1H, dd, J 2.0 and 7.4, H-6), 7.00
(1H, d, J 7.4, H-7), 6.60 (1H, d, J 5.6, H-300), 3.98
(2H, t, J 5.4, –NCH2CH2NHAr), 3.62 (2H, t, J 5.4,
–NCH2CH2NHAr), 2.31 (3H, s, Ar–CH3); dC
(75 MHz); 179.4, 161.8, 152.5, 150.6, 149.7 149.0,
141.6, 138.9, 134.2, 128.1, 125.3, 124.9, 124.5, 121.9,
118.2, 118.1, 110.9, 110.6, 74.9, 41.8 and 21.2; LRMS
(FAB) m/z 439 [5%, (M+1)+], and 307 [30%,
M�C18H14ClN3]. Anal. Calcd for C21H19ClN6OS: C
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57.5%, H 4.4%, N 19.3%, S 7.3%. Found: C 57.1%, H
4.3%, N 18.8%, S 7.3%.

5.5.3. N1-[2-(7-Chloro-quinolin-4-ylamino)-ethyl]-5-
chloro–1H-indole-2,3-dione 3-thiosemicarbazone (4c).
The conditions employed for the preparation of this
compound were those described in general procedure
D. However, 0.26 mmol of compound 3c and thiosemi-
carbazide were used.

(0.16 g, 68%) obtained as orange crystals; mp 221–
227 �C (from ethanol); IR (KBr): mmax/cm

�1 3688 (N–
H), 3478 (N–H), 1665 (C@O), 1510 (C@N), 1121
(C@S); dH (400 MHz, DMSO-d6); 12.29 (1H, s, NNH),
8.98 (1H, s, NHH), 8.64 (1H, s, NHH), 8.40 (1H, d, J
5.0, H-200), 8.01 (1H, d, J 9.0, H-500), 7.76 (1H, d, J
2.1, H-800), 7.49 (1H, d, J 2.0, H-4), 7.39 (1H, dd, J 2.0
and 9.0, H-600), 7.09 (1H, dd, J 2.0 and 7.4, H-6), 7.01
(1H, d, J 7.4, H-7), 6.60 (1H, d, J 5.0, H-300), 3.98
(2H, t, J 6.4, –NCH2CH2NHAr), 3.62 (2H, t, J 6.4,
–NCH2CH2NHAr); dC (75 MHz); 178.3, 158.2, 151.9,
150.8, 149.8, 149.0, 142.1, 136.7, 127.5, 127.3, 124.8,
124.2, 123.5, 121.9, 117.6, 117.0, 109.7, 104.7, 74.7 and
42.3; HRMS (FAB) found m/z 459.05659 [M+1]+,
C20H16Cl2N6OS required 459.05615. Anal. Calcd for
C20H16Cl2N6OS: C 57.5%, H 4.4%, N 19.3%, S 7.3%.
Found: C 57.1%, H 4.3%, N 19.0%, S 7.2%.

5.5.4. 2-(7-Chloro-quinolin-4-ylamino)-ethanol (12). A
mixture of 4,7-dichloroquinoline (4.0 g, 20.19 mmol),
ethanolamine (24.42 mL, 403.9 mmol) and triethylamine
(0.84 mL, 6.06 mmol) was stirred under reflux for 8 h.
The reaction mixture was then cooled to room tempera-
ture during which a white precipitate formed. The pre-
cipitate was filtered, washed with water (3 · 50 mL)
and recrystallized from methanol to obtain (4.10 g,
92%) as cream-white crystals, mp 213–215 �C (from
methanol) (lit. 214 �C);19 Rf 0.42 (MeOH/DCM, 2:8);
dH (300 MHz; CD3OD); 8.35 (1H, d, J 6.0, H-2 0), 8.09
(1H, d, J 9.0, H-5 0), 7.78 (1H, d, J 2.1, H-8 0), 7.40
(1H, dd, J 2.1 and 9.0, H-6 0), 6.57 (1H, d, J 6.0, H-3 0),
3.86 (2H, t, J 5.7, ArNHCH2CH2–), 3.52 (2H, t, J 5.7,
ArNHCH2–); dC (75 MHz); 151.8, 150.1, 149.0, 133.3,
127.4, 123.9, 117.4, 108.6, 58.7 and 45.0 ; LRMS (EI)
m/z 223.1 [M+]. Anal. Calcd: C 59.3%, H 4.9%, N
12.6%. Found: C 59.0%, H 4.9%, N 12.6%.

5.5.5. Methanesulfonic acid 2-(7-chloro-quinolin-4-yl-
amino)-ethyl ester (13). A solution of compound 12
(8.0 g, 36 mmol) in 24 mL of pyridine was stirred at
0 �C for 30 min. Whilst at 0 �C methanesulfonyl chloride
(6.97 mL, 90.0 mmol) in 22 mL of pyridine was added
slowly to the above solution, and the resultant mixture
stirred for 5 h. The reaction mixture was then diluted
with 17% aqueous ammonia solution (25 mL), extracted
with CH2Cl2 (3 · 50 mL), dried over anhydrous MgSO4,
concentrated and recrystallized from methanol/water to
obtain yield (8.96 g, 83%) obtained as white crystals, mp
138–140 �C (from MeOH/H2O), Rf 0.76 (MeOH/DCM,
2:8); IR (KBr) mmax/cm

�1 ; 3218 (N–H), 1579 (C@N),
1442 (C@C); dH (300 MHz; CD3OD); 8.39 (1H, d, J
5.7, H-2 0), 8.08 (1H, d, J 9.0, H-5 0), 7.79 (1H, d, J 2.1,
H-8 0), 7.41 (1H, dd, J 2.1 and 9.0, H-6 0), 6.61 (1H, d,
J 5.7, H-3 0), 4.48 (2H, t, J 5.4, ArNHCH2CH2–), 3.74
(2H, t, J, 5.4, ArNHCH2–) 3.07 (3H, s, –OSO2–CH3);
dC (100 MHz); 151.9, 150.2, 149.1, 133.2, 127.8, 124.1,
123.9, 117.9, 108.0, 66.8, 42.4 and 37.8; HRMS (EI)
found m/z 300.03487 [M]+, C12H13O3ClN2S requires
300.03354. Anal. Calcd for C12H13O3N2SCl: C 47.9%,
H 4.4%, N 9.3%, 10.7%. Found: C 48.1%, H 4.4%, N
9.2%, S 10.3%.

5.6. E. General procedure for preparation compounds 3a–e

To a mixture of isatin or substituted isatin (0.1 g,
0.68 mmol) in 10 mL of anhydrous DMF at 0 �C was
added NaH (0.02 g, 0.815 mmol) was then added to this
mixture followed by Compound 13 (0.27 g, 0.88 mmol)
warming to room temperature with stirring over 1 h.
The temperature was then raised to 60 �C and stirring
continued for a further 12 h. Ice-cold water was added
to the reaction and a coloured precipitate formed. The
solid was filtered, washed with water (2 · 25 mL), petro-
leum ether (1 · 10 mL) and dried under vacuum to give
the desired product.

5.6.1. N1-[2-(7-Chloro-quinolin-4 0-ylamino)-ethyl]-1H-
indole-2,3-dione (3a). (0.21 g, 88%) obtained as orange
crystals; mp 240–243 �C (from methanol); Rf 0.43
(MeOH/EtOAc, 2:8); IR (CHCl3) mmax/cm

�1 3236 (N–
H), 1734 (keto C@O), 1600 (amide C@O), 1514
(C@N); dH (300 MHz; DMSO-d6); 8.41 (1H, d, J 5.4,
H-200), 7.97 (1H, d, J 9.0, H-500), 7.76 (1H, d, J 2.4, H-
800), 7.52 (1H, dd, J 0.6 and 7.2, H-4), 7.48 (1H, ddd, J
0.6, 6.6 and 7.4, H-6), 7.39 (1H, dd, J 2.4, 9.0, H-600),
7.07 (1H, ddd, J 0.9, 6.6 and 7.2, H-5), 7.03 (1H, dd, J
0.9 and 7.4, H-7), 6.62 (1H, d, J 5.4, H-300), 3.93 (2H,
t, J 5.1, ArNHCH2CH2–), 3.60 (2H, t, J 5.1,
ArNHCH2–); dC (75 MHz); 183.3, 158.3, 151.9, 150.6,
149.7, 149.0, 137.8, 133.3, 127.4, 124.3, 124.0, 123.7,
122.9, 117.4, 117.0, 110.2, 104.6, 74.9 and 42.0; HRMS
(FAB) found m/z 352.08494 [M+1]+, C19H14O2N3Cl]
requires 352.08527. Anal. Calcd for C19H14O2N3Cl: C
64.8%, H 4.0%, N 11.9%. Found: C 64.4%, H 3.9%, N
11.2%.

5.6.2. N1-[2-(7-Chloro-quinolin-4-ylamino)-ethyl]-5-meth-
yl-1H-indole-2,3-dione (3b). The conditions employed
for the preparation of this compound were those de-
scribed in general procedure E. However, 0.62 mmol
of isatin and 0.81 mmol of compound 13 were used.

0.62 mmol (0.16 g, 68%) obtained as red crystals; mp
240–243 �C (from methanol); Rf 0.28 (MeOH/EtOAc;
2:8); IR (KBr) mmax/cm

�1 3236 (N–H), 1737 (keto
C@O), 1600 (amide C@O), 1514 (C@N); dH
(300 MHz; CDCl3); 8.53 (1H, d, J 5.4, H-200), 7.93
(1H, d, J 2.4, H-800), 7.68 (1H, d, J 9.0, H-500), 7.43
(1H, d, J 2.0, H-4), 7.39 (1H, dd, J 2.0 and 7.2, H-6),
7.37 (1H, dd, J 2.4 and 9.0, H-600), 6.81 (1H, d, J 7.2,
H-7), 6.62 (1H, d, J 5.4, H-300), 4.15 (2H, t, J 5.4,
ArNHCH2CH2–), 3.67 (2H, t, J 5.4, ArNHCH2–),
2.32 (3H, s, Ar–CH3); dC (75 MHz), 183.6, 158.2,
152.0, 150.5, 149.7, 149.1, 137.7, 133.4, 126.8, 124.6,
124.2, 123.4, 123.1, 117.5, 116.9, 111.2, 104.6, 74.6,
42.1 and 20.3; LRMS (EI) m/z 365.0 [16%, M+], 191
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[100%, M�C10H8ClN2]. Anal. Calcd for C20H16O2N3Cl:
C 65.7%, H 4.4%, N 10.5%. Found: C 65.3%, H 4.3%, N
10.9%.

5.6.3. 5-Chloro-N1-[2-(7-chloro-quinolin-4 0-ylamino)-eth-
yl]-1H-indole-2,3-dione (3c). The conditions employed
for the preparation of this compound were those
described in general procedure E. However, 0.55 mmol
of isatin and 0.72 mmol of compound 13 were used.

(0.15 g, 69%) obtained as orange crystals; mp 221–
223 �C (from ethanol); Rf 0.46 (MeOH; EtOAc, 2:8);
IR (CHCl3) mmax/cm

�1, 3237 (N–H), 1734 (C@O), 1606
(amide C@O), 1519 (C@N); dH (300 MHz; DMSO-d6);
8.43 (1H, d, J 5.4, H-200), 7.94 (1H, d, J 8.4, H-500),
7.78 (1H, d, J 2.1, H-800), 7.59 (1H, d, J 2.4, H-4), 7.40
(1H, dd, J 2.4 and 8.7, H-6), 7.31 (1H, dd, J 2.1 and
8.4, H-600), 7.07 (1H, d, J 8.7, H-7), 6.64 (1H, d, J 5.4,
H-300), 3.96 (2H, t, J 5.4, ArNHCH2CH2–), 3.64 (2H,
t, J 5.4, ArNHCH2–); dC (75 MHz); 182.3, 158.2,
151.9, 150.7, 149.8, 149.0, 136.7, 127.4, 127.2, 124.8,
124.2, 123.4, 121.9, 117.5, 117.0, 109.7, 104.7, 74.6 and
42.3; HRMS (FAB) found m/z 386.04642
[M+1]+C19H13O2N3Cl2 requires 386.04630. Anal. Calcd
for C19H13O2N3Cl2: C 59.1%, H 3.4%, N 10.9%. Found:
C 59.0%, H 3.4%, N 10.8%.

5.6.4. N1-[2-(7-Chloro-quinolin-4-ylamino)-ethyl]-5,7-dime-
thyl-1H-indole-2,3-dione (3d). The conditions employed
for the preparation of this compound were those
described in general procedure E. However, 0.57 mmol
of isatin and 0.74 mmol of compound 13 were used.

(0.19 g, 89%) obtained as orange crystals; mp 219 �C
(from ethanol); Rf 0.53; IR (CHCl3) mmax/cm

�1 3236
(N–H), 1736 (keto C@O), 1607 (amide C@O), 1519
(C@N); dH (300 MHz; DMSO-d6); 8.40 (1H, d, J 5.4,
H-200), 8.03 (1H, d, J 9.0, H-500), 7.78 (1H, d, J 2.1, H-
800), 7.44 (1H, d, J 2.4, H-4), 7.40 (1H, d, J 2.4, H-6),
7.39 (1H, dd, J 2.1 and 9.0, H-600), 6.62 (1H, d, J 5.4,
H-300), 4.12 (2H, t, J 6.3, ArNHCH2CH2–), 3.64 (2H,
t, J 6.3, ArNHCH2–), 2.40 (3H, s, Ar–CH3), 2.22 (3H,
s, Ar–CH3); dC (75 MHz); 182.2, 158.6, 151.8, 150.4,
149.8, 149.0, 136.3, 127.5, 127.4, 124.1, 123.7, 122.7,
121.2, 117.8, 117.4, 110.6, 104.6, 74.3, 42.7, 19.8 and
18.2; HRMS (FAB) found m/z 380.11717 [M+1]+

C21H18O2N3Cl requires 380.11657. Anal. Calcd for
C21H18O2N3Cl: C 66.4%, H 4.7%, N 11.1%. Found: C
66.3%, H 4.6%, N 10.9%.
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