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Camptothecin consists of a lactone E-ring adjacent to a
tetracyclic A–D ring planar chromophore which are
essential for topoisomerase I inhibition and DNA
interaction, respectively. The A–D ring system can be
exploited to develop DNA-binding molecules. Indoli-
zino[1,2-b ]quinoline derivatives substituted with a
piperidinoethyloxy side chain on the A-ring and an
aminomethyl function on the D one were synthesized
and their DNA-binding properties and in vitro cytotoxi-
city investigated.
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INTRODUCTION

Mappicine ketone1 (MPK) is an analogue of
mappicine, a plant alkaloid isolated from Mappia
foetidia Miers (Figure 1). MPK has been identified as
an antiviral lead compound2,3 with selective activity
against herpes viruses HSV-1, HSV-2 and human
cytomegalovirus but its mechanism of action has not
been determined. The skeleton of mappicine is a
tetracycle indolizino[1,2-b ]quinoline, which is also
present in camptothecin.

Camptothecin (CPT) is another natural product,
isolated from Camptotheca acuminata4 (Figure 1).
CPT has a pentacyclic structure and is a powerful
antitumoral agent. CPT inhibits topoisomerase I, an
essential enzyme involved in transient scission and

religation of DNA during replication and transcrip-
tion phases.5 Binding of CPT to the topoisomerase
I-DNA complex and interference with the religation
step of this process was recognized as the primary
mechanism of action of CPT. In the ternary complex,
CPT makes direct interactions with the double helix
at the cleavage site. Different models have been
proposed for the configuration of this complex6 – 10

and in all cases, the indolizino[1,2-b ]quinoline
scaffold of CPT, represented by A–D rings, provides
the necessary framework for DNA interaction
whereas the lactone E-ring interacts essentially, if
not exclusively, with the enzyme, through the
Arg364 and Asp533 residues of human topoisome-
rase I.7 The skeleton of these two alkaloids is an
indolizino[1,2-b ]quinoline moiety. Thus far, all the
drug design approaches in the CPT series have been
oriented towards the discovery of potent topoisome-
rase I poisons, generally with little or no consider-
ation of the DNA binding aspect. Here, we report a
radically different approach that consisted in
eliminating the lactone E-ring, therefore prohibiting
the targeting of topoisomerase I, but exploiting
the indolizino[1,2-b ]quinoline structure to develop
DNA sequence-reading molecules. We report the
synthesis and DNA-binding properties of six
indolizino[1,2-b ]quinoline derivatives. The designed
compounds (Figure 2) lack the lactone E-ring moiety
of CPT but preserve the A–D indolizino[1,2-b ]-
quinoline which can be considered as the DNA-
binding unit of CPT.

ISSN 1475-6366 print/ISSN 1475-6374 online q 2003 Taylor & Francis Ltd

DOI: 10.1080/1475636031000093534

*Corresponding author: Institut de Chimie Pharmaceutique Albert Lespagnol, BP 83, 59006 Lille, France. Tel.: þ33-3-2096-4374.
Fax: þ33-3-2096-4906. E-mail: henicha@phare.univ-lille2.fr

Journal of Enzyme Inhibition and Medicinal Chemistry, 2003 Vol. 18 (2), pp. 101–109



We investigated two types of substitutions in order
to potentially promote drug-DNA interaction. On
the one hand, the quinoline A ring was substituted at
position-2 or -3 with a positively charged piperidine
side chain liable to interact with the DNA phos-
phates and to improve the aqueous solubility of the
corresponding molecules. On the other hand, the D
ring was substituted with a methyl group at
position-7 and either an aminomethyl or an amide
group at position-8. These two functions were
selected for their hydrogen binding capacity.

MATERIALS AND METHODS

Biochemical and Spectrophotometric
Measurements

Absorption and melting temperature studies
were performed as previously described.11 Binding

constants were determined using a competitive
displacement fluorometric assay with DNA-bound
ethidium.12 Variation in melting temperature
ðDTm ¼ Tmcomplex 2 TmDNAÞ : Tm measurements
were performed in BPE buffer pH 7.1 (6 mM
Na2HPO4, 2 mM NaH2PO4, 1 mM EDTA) using
10mM compound and 20mM calf thymus DNA
(CT) or poly(dAdT)2 (dAT), at 260 nm with a heating
rate of 18C/min. Briefly, solutions of 1mM calf
thymus DNA in BPE buffer (6 mM Na2HPO4, 2 mM
NaH2PO4, 1 mM Na2EDTA, pH 7.0) containing
1.26mM ethidium bromide were used to determine
the C50 values for each compound. Apparent binding
constants (Kapp) were calculated as follows: Kapp ¼

ð1:26=C50Þ £ Kethidium; with Kethidium ¼ 107 M21: All
measurements were carried out at room temperature
with a Fluorolog spectrofluorimeter. The excitation
and emission wavelengths were 546 nm and 595 nm,
respectively (slit width: 10 nm). The experimental
procedures for the electric linear dichroism13 and
DNase I footprinting14 have been previously
described.

Cell Culture and Growth Assays

Human prostate cancer PC 3 and DU 145 cells were
maintained in RPMI 1640 culture medium sup-
plemented with 10% FCS. For growth assays, the
cells were seeded onto 96-well plates at a density of
approximatively 3 £ 104 cells/well. After 3 days, the
cell medium was changed to serum-free medium
and the cells were starved for 24 h for culture
synchronisation. Stimulation of the growth of
quiescent cells was then provoked by 10 ng/ml
EGF plus TSe (50 ng/ml transferrin and 50 pg/ml
selenium) and the tested compounds were added
to the culture medium. After an additional 72 h,
cell growth was assessed by the colorimetric MTT
test.

CHEMISTRY

The 9,11-dihydroindolizino[1,2-b ]quinolines 10, 11
were synthesized on the basis of the Friedländer
reaction, requiring the appropriate 2-aminobenz-
aldehydes 3a,b (and the imine surrogate 415,16) and
the enolizable indolizinones 8 and 9 (Scheme 1).

FIGURE 1 Structure of Mappicine ketone (MPK), Mappicine,
Camptothecin (CPT) and Topotecan (TPT).

FIGURE 2 General structure of studied compounds.
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Aminobenzaldehydes were obtained in two steps
by O-alkylation of phenols 1a,17b (K2CO3, DMF)
followed by the Bechamp reduction of the nitro
group of 2a,b. Indolizines 6 and 7 were synthesized
from indolizine 5.18,19 Carboxamide 6 was obtained
by alkaline hydrolysis of the cyano group (without
affecting the lactam moiety). These reaction con-
ditions prevent over-hydrolysis of the carboxamide
function into carboxylic acid. The protected amine 7
resulted from the catalytic hydrogenation of 5 in
acylating medium. The protection of the amino
group prevents a non-regioselective reaction during
the Friedländer cyclisation. The acetal group in 5 was
found essential to protect the ketone during the
hydrogenation process. Deketalization of 6, 7
enabled the Friedländer cyclisation20,21 of aldehydes
3a,b (and 4) with indolizines 8, 9 to produce the
tetracyclic compounds 10, 11; acetic acid acts as
solvent and catalyst as well as a deprotective agent of
the aldehydic function originating from 4. Com-
pounds 12a–c were obtained from amides 11a–c by
classical acidic hydrolysis.

Materials

Melting points were determined with a Büchi 535
capillary melting point apparatus and are uncor-
rected. Analytical thin layer chromatography was
performed on precoated Kieselgel 60F254 plates
(Merck); the spots were located by UV (254 and
366 nm); Rf values are given for guidance. Silica gel
60 230–400 Mesh (Merck) was used for column
chromatography. The structures of most compounds

were supported by IR (KBr pellets, FT-Bruker Vector
22 instrument) and 1H NMR at 300 MHz on a Bruker
DRX-300 spectrometer. Chemical shifts were
reported in ppm using tetramethylsilane (TMS) as
a standard and the splitting patterns were
designated as follows: s singlet, d doublet, t triplet,
m multiplet. Mass spectra were recorded on a
quadripolar Finnigan Mat SSQ 710 instrument.
Elemental analyses were performed by the
“Service Central d’Analyses” at the CNRS, Vernaison
(France) and were within 0.4% of the calculated
values. Commercially available reagents and sol-
vents were used throughout without further
purification.

2-Nitro-4-(2-piperidin-1-ylethoxy)benzaldehyde
(2a) and 2-Nitro-5-(2-piperidin-1-ylethoxy)-
benzaldehyde (2b)

The phenol 1a17 or 1b (6 mmol) was added to a
mixture of N-2-chloroethylpiperidine (1.1 g, 6 mmol),
K2CO3 (2.5 g, 18 mmol) and DMF (10 mL) and heated
while stirring to 808C for 3 h. After cooling and
dilution with H2O (100 mL), the solution was
extracted with Et2O ð3 £ 100 mLÞ: The combined
organic phases were washed with saturated aqueous
NaCl and dried (MgSO4) before removal of the
solvent. 2a. Yellow oil (1.17 g, 70% yield). Rf ¼ 0:78
(CH2Cl2/MeOH 9:1). IR (KBr), cm21: 1693 (CyO),
1536 (NO2), 1351 (NO2). 1H NMR (CDCl3), d, ppm:
1.39 (m, 2H, H40), 1.55 (m, 4H, H30), 2.45 (m, 4H, H20),
3.28 (t, J ¼ 6:0 Hz; 2H, NCH2), 4.23 (t, J ¼ 6:0 Hz; 2H,
CH2O), 7.18 (dd, Jo ¼ 8:8 Hz; Jm ¼ 2:7 Hz; 1H, H5),

SCHEME 1 Reagents and conditions: (i) N-2-chloroethylpiperidine, K2CO3, DMF, 808C. (ii) Fe, HCl, AcOH, EtOH, H2O, reflux.
(iii) NaOH, MeOH, H2O, reflux. (iv) Ni Raney, Ac2O, AcOH, H2, 458C, 50 psi. (v) TFA 80%, rt. (vi) AcOH, reflux. (vii) 6 N HCl, reflux.
aHydrochloride.
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7.46 (d, Jm ¼ 2:8 Hz; 1H, H3), 8.22 (d, Jo ¼ 8:8 Hz; 1H,
H6), 10.35 (s, 1H, CHO). 2b. Yellow oil (1.50 g, 90%
yield). Rf ¼ 0:47 (CH2Cl2/MeOH 9:1). IR (KBr),
cm21: 1698 (CyO), 1517 (NO2), 1330 (NO2). 1H
NMR (CDCl3), d, ppm: 1.41 (m, 2H, H40), 1.58 (m, 4H,
H30), 2.48 (m, 4H, H20), 3.28 (t, J ¼ 5:8 Hz; 2H, NCH2),
4.21 (t, J ¼ 5:8 Hz; 2H, CH2O), 7.14 (dd, Jo ¼ 9:2 Hz;
Jm ¼ 2:9 Hz; 1H, H4), 7.30 (d, Jm ¼ 2:9 Hz; 1H, H6),
8.12 (d, Jo ¼ 9:2 Hz; 1H, H3), 10.44 (s, 1H, CHO).

2-Amino-4-(2-piperidin-1-ylethoxy)benzaldehyde
(3a) and 2-Amino-5-(2-piperidin-1-ylethoxy)-
benzaldehyde (3b)

Nitrobenzaldehyde 2a or 2b (1 g, 3.6 mmol) was
added to a mixture of iron (1.2 g, 21.6 mmol), 10 N
HCl (0.25 mL), acetic acid (10 mL), ethanol (10 mL)
and H2O (5 mL), and heated while stirring under
reflux for 15 min. Iron was removed by filtration and
the filtrate was made alkaline with NaHCO3 before
extraction with CHCl3 ð3 £ 70 mLÞ: The combined
extracts were dried (MgSO4) and concentrated to
give an oily residue. 3a. Orange oil (670 mg, 75%
yield). Rf ¼ 0:43 (CH2Cl2/MeOH 9:1). IR (KBr),
cm21: 3442 (NH2), 3337 (NH2), 1662 (CvO). 1H
NMR (CDCl3), d, ppm: 1.45 (m, 2H, H40), 1.61 (m, 4H,
H30), 2.53 (m, 4H, H20), 2.78 (t, J ¼ 6:0 Hz; 2H, NCH2),
4.12 (t, J ¼ 6:0 Hz; 2H, CH2O), 6.08 (d, Jm ¼ 2:2 Hz;
1H, H3), 6.28 (dd, Jo ¼ 8:6 Hz; Jm ¼ 2:2 Hz; 1H, H5),
6.31 (bs, 2H, NH2), 7.33 (d, Jo ¼ 8:6 Hz; 1H, H6), 9.66
(s, 1H, CHO). 3b. Brown oil (760 mg, 85% yield).
Rf ¼ 0:36 (CH2Cl2/MeOH 9:1). IR (KBr), cm21: 3441
(NH2), 3332 (NH2), 1664 (CyO). 1H NMR (CDCl3), d,
ppm: 1.46 (m, 2H, H40), 1.63 (m, 4H, H30), 2.56 (m, 4H,
H20), 2.80 (t, J ¼ 5:8 Hz; 2H, NCH2), 4.10 (t, J ¼
5:8 Hz; 2H, CH2O), 5.86 (bs, 2H, NH2), 6.11 (d, Jo ¼

8:6 Hz; 1H, H3), 6.99 (m, 1H, H4), 7.03 (d, Jm ¼ 2:9 Hz;
1H, H6), 9.82 (s, 1H, CHO).

1,1-Ethylenedioxy-7-methyl-5-oxo-1,2,3,5-tetra-
hydroindolizine-6-carboxamide (6)

The nitrile 518,19 (2.0 g, 8 mmol) was added to a
stirred solution of NaOH (3.3 g, 80 mmol) in H2O
(10 mL) and MeOH (50 mL) and the mixture was
heated under reflux for 48 h. After cooling, acidifica-
tion (CH3COOH) and extraction with CH2Cl2 ð3 £

100 mLÞ; the combined extracts were dried (MgSO4)
and concentrated to give an oil which was
precipitated from i Pr2O. Recrystallization gave 6 as
pale yellow crystals (1.4 g, 65% yield). Rf ¼ 0:65
(CH2Cl2/MeOH 9:1). mp 1878C (toluene). IR (KBr),
cm21: 3325 (NH2), 3175 (NH2), 1662 (CyO amide,
pyridone). 1H NMR (DMSO-d6), d, ppm: 2.32
(s, 3H, CH3), 2.35 (t, J ¼ 7:0 Hz; 2H, H2), 3.94 (t, J ¼
7:0 Hz; 2H, H3), 4.04–4.18 (m, 4H, OCH2CH2O), 6.36
(s, 1H, arom.), 7.37 (bs, 1H, CONH2), 8.08 (bs, 1H,
CONH2).

N-(1,1-Ethylenedioxy-7-methyl-5-oxo-1,2,3,5-
tetrahydroindolizine-6-ylmethyl)acetamide (7)

The hydrogenation of 5 (1.0 g, 3.6 mmol), dissolved
in acetic anhydride (45 mL) and acetic acid (15 mL),
was carried out on a Parr apparatus (Raney nickel
1.5 g, 50 psi, 458C, 6 h) followed by filtration of the
catalyst and evaporation of the solvent under
reduced pressure. The residue was diluted in H2O
(100 mL), then extracted with CHCl3 ð3 £ 100 mLÞ:
The organic layer was dried (MgSO4) and the
resulting oil was crystallized from Et2O to yield 7
as a white solid (860 mg, 72% yield). Rf ¼ 0:55
(CH2Cl2/MeOH 9:1). mp 1528C. IR (KBr), cm21: 3258
(NH), 1656 (CvO amide, pyridone). 1H NMR
(CDCl3), d, ppm: 1.93 (s, 3H, COCH3), 2.36 (t, J ¼
6:6 Hz; 2H, H2), 2.40 (s, 3H, CH3), 4.07–4.18 (m, 6H,
OCH2CH2O, H3), 4.36 (d, J ¼ 6:0 Hz; 2H, CH2N), 6.14
(s, 1H, arom.), 6.81 (bs, 1H, NH).

General Procedure for the Synthesis of 7-Methyl-
1,5-dioxo-1,2,3,5-tetrahydroindolizine-6-carbox-
amide (8) and N-(7-Methyl-1,5-dioxo-1,2,3,5-tetra-
hydroindolizine-6-ylmethyl)acetamide (9)

A solution of 6 or 7 (4 mmol) in 80% aqueous TFA
(10 mL) was stirred at room temperature for 3 h in a
nitrogen atmosphere. Removal of the solvent gave an
oil which crystallized from Et2O.

8. Yellow solid (715 mg, 85% yield). Rf ¼ 0:38
(CH2Cl2/MeOH 9:1). mp 1858C. IR (KBr), cm21: 3301
(NH), 1735 (CvO ketone) 1647 (CvO amide,
pyridone). 1H NMR (DMSO-d6), d, ppm: 2.31
(s, 3H, CH3), 2.88 (t, J ¼ 6:5 Hz; 2H, H2), 4.08 (t, J ¼
6:5 Hz; 2H, H3), 6.75 (s, 1H, arom.), 7.53 (bs, 1H,
CONH2), 7.99 (bs, 1H, CONH2).

9. Pale yellow solid (770 mg, 93% yield). Rf ¼ 0:46
(CH2Cl2/MeOH 9:1). mp 1618C. IR (KBr), cm21: 3328
(NH2), 3130 (NH2), 1745 (CvO ketone), 1672 (CvO
amide, pyridone). 1H NMR (CDCl3), d, ppm: 1.95
(s, 3H, COCH3), 2.51 (s, 3H, CH3), 2.91 (t, J ¼ 6:6 Hz;
2H, H2), 4.29 (t, J ¼ 6:6 Hz; 2H, H3), 4.42 (d, J ¼
6:6 Hz; 2H, CH2N), 6.80 (m, 2H, NH, arom.).

General Procedure for the Synthesis of 9,11-Di-
hydroindolizino[1,2-b ]quinolines 10a–c and 11a–c

Tetrahydroindolizine 8 or 9 and 2-aminobenzalde-
hyde 3a, 3b or 412,13 were added to acetic acid
(20 mL) and heated while stirring under reflux for
8 h. The reaction mixture was cooled to room
temperature and the solvent was removed under
reduced pressure. The crude product was diluted in
methanol and hydrogen chloride was bubbled
through. The products were purified by flash
chromatography (CH2Cl2–MeOH 8=2 ! 7=3) before
recrystallization.
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7-Methyl-9-oxo-3-(2-piperidin-1-ylethoxy)-9,11-
dihydroindolizino[1,2-b ]quinoline-8-carboxamide
Hydrochloride (10a)

Pale yellow solid (340 mg, 51% yield) from 8 (320 mg,
1.6 mmol) and 3a (385 mg, 1.6 mmol). Rf ¼ 0:31
(CH2Cl2/MeOH 9:1, ammonia 1%). mp . 2508C
(EtOH/H2O). IR (KBr), cm21: 3300 (NH), 1676
(CvO pyridone, amide), 1619 (CvN). 1H NMR
(DMSO-d6), d, ppm: 1.42 (m, 2H, H40), 1.82 (m, 4H,
H30), 2.50 (s, 3H, CH3), 3.05 (m, 2H, NCH2), 3.59 (m,
4H, H20), 4.63 (m, 2H, CH2O), 5.23 (s, 2H, H11), 7.10 (s,
1H, H6), 7.42 (dd, Jo ¼ 9:1 Hz; Jm ¼ 2:3 Hz; 1H, H2),
7.49 (bs, 1H, CONH2), 7.60 (d, Jm ¼ 2:3 Hz; 1H, H4),
8.09 (d, Jo ¼ 9:1 Hz; 1H, H1), 8.24 (bs, 1H, CONH2),
8.64 (s, 1H, H12), 10.22 (bs, 1H, NHþ). Anal. Calcd. for
C24H26N4O3†1HCl†2.5H2O: C, 57.65; H, 6.45; N,
11.21; Cl, 17.09. Found: C, 57.89; H, 6.20; N, 11.53; Cl,
17.11%.

7-Methyl-9-oxo-2-(2-piperidin-1-ylethoxy)-9,11-
dihydroindolizino[1,2-b ]quinoline-8-carboxamide
Hydrochloride (10b)

Pale yellow solid (330 mg, 49% yield) from 8
(320 mg, 1.6 mmol) and 3b (385 mg, 1.6 mmol). Rf ¼

0:48 (CH2Cl2/MeOH 9:1, ammonia 1%). mp .

2508C (EtOH/H2O). IR (KBr), cm21: 3360 (NH),
1658 (CvO pyridone, amide). 1H NMR (DMSO-d6),
d, ppm: 1.71 (m, 2H, H40), 1.82 (m, 4H, H30), 2.49 (s,
3H, CH3), 3.06 (m, 2H, NCH2), 3.56 (m, 4H, H20),
4.60 (m, 2H, CH2O), 5.23 (s, 2H, H11), 7.11 (s, 1H,
H6), 7.48 (bs, 1H, CONH2), 7.55 (dd, Jo ¼ 9:2 Hz;
Jm ¼ 2:7 Hz; 1H, H3), 7.61 (d, Jm ¼ 2:7 Hz; 1H, H1),
8.08 (d, Jo ¼ 9:2 Hz; 1H, H4), 8.28 (bs, 1H, CONH2),
8.56 (s, 1H, H12), 10.35 (bs, 1H, NHþ). Anal. Calcd.
for C24H26N4O3†1HCl†2.5H2O: C, 57.65; H, 6.45; N,
11.21; Cl, 17.09. Found: C, 57.60; H, 6.34; N, 11.19;
Cl, 17.31%.

7-Methyl-9-oxo-9,11-dihydroindolizino[1,2-b ]-
quinoline-8-carboxamide (10c)

Brown solid (290 mg, 42% yield) from 8 (500 mg,
2.4 mmol) and 4 (510 mg, 2.4 mmol). Rf ¼ 0:49
(CH2Cl2/MeOH 9:1, ammonia 1%). mp . 2508C
(EtOH/H2O). IR (KBr), cm21: 3275 (NH), 1668
(CvO pyridone, amide). 1H NMR (DMSO-d6), d,
ppm: 2.51 (s, 3H, CH3), 5.28 (s, 2H, H11), 7.21
(s, 1H, H6), 7.51 (bs, 1H, CONH2), 7.73 (td, Jo ¼

8:3 Hz; Jm ¼ 1:3 Hz; 1H, H2 or 3), 7.88 (td, Jo ¼

8:3 Hz; Jm ¼ 1:3 Hz; 1H, H2 or 3), 8.17 (m, 2H, H1,
H4), 8.24 (bs, 1H, CONH2), 8.72 (s, 1H, H12). Anal.
Calcd. for C17H13N3O2† 0.5HCl†0.5H2O: C, 64.09;
H, 4.59; N, 13.19. Found: C, 64.31; H, 4.30; N,
13.03%.

N-[7-Methyl-9-oxo-3-(2-piperidin-1-ylethoxy)-9,11-
dihydroindolizino[1,2-b ]quinolin-8-ylmethyl]-
acetamide Hydrochloride (11a)

Orange solid (1.0 g, 45% yield) from 3a (1.2 g,
5 mmol) and 9 (1.2 g, 5 mmol). Rf ¼ 0:39 (CH2Cl2/
MeOH 9:1, ammonia 1%). mp . 2508C (EtOH/H2O).
IR (KBr), cm21: 3300 (NH), 1664 (CvO pyridone,
amide), 1618 (CvN). EI MS m/z (relative intensity)
446 (Mþ, 14%), 403 (Mþ-COCH3, 22%), 304 (Mþ-

-COCH3-piperidine, 17%), 275 (Mþ-COCH3-
piperidine-CH2NH, 14%).

N-[7-Methyl-9-oxo-2-(2-piperidin-1-ylethoxy)-9,11-
dihydroindolizino[1,2-b ]quinolin-8-ylmethyl]-
acetamide Hydrochloride (11b)

Brown solid (1.0 g, 44% yield) from 3b (1.2 g, 5 mmol)
and 9 (1.2 g, 5 mmol). Rf ¼ 0:22 (CH2Cl2/MeOH 9:1,
ammonia 1%). mp . 2508C (EtOH/H2O). IR (KBr),
cm21: 3418 (NH), 1655 (CvO pyridone, amide), 1621
(CvN). EI MS m/z (relative intensity) 446 (Mþ, 15%),
403 (Mþ-COCH3, 20%), 304 (Mþ-COCH3-piperidine,
8%), 275 (Mþ-COCH3-piperidine-CH2NH, 6%).

N-[7-Methyl-9-oxo-9,11-dihydroindolizino[1,2-b ]
quinolin-8-ylmethyl]acetamide (11c)

Brown solid (290 mg, 48% yield) from 4 (450 mg,
1.9 mmol) and 9 (400 mg, 1.9 mmol). Rf ¼ 0:63
(CH2Cl2/MeOH 9:1, ammonia 1%). mp . 2508C
(EtOH/H2O). IR (KBr), cm21: 3329 (NH),
1666 (CvO pyridone, amide). EI MS m/z
(relative intensity) 319 (Mþ, 10%), 276 (Mþ-
COCH3, 100%).

General Procedure for the Synthesis of 9,11-
Dihydroindolizino[1,2-b ]quinolines 12a–c

Quinoline 11a, 11b or 11c was added to 6 N HCl and
heated while stirring under reflux for 24 h. After
cooling to room temperature and removal of the
solvent under reduced pressure, the crude product
was purified by flash chromatography (CH2Cl2–
MeOH 7/3).

8-Aminomethyl-7-methyl-9-oxo-3-(2-piperidin-1-
ylethoxy)-9,11-dihydroindolizino[1,2-b ]quinoline
Dihydrochloride (12a)

Yellow solid (130 mg, 76% yield) from 11a (150 mg,
3.4 mmol) and HCl (15 mL). Rf ¼ 0:39 (CH2Cl2/
MeOH 9:1, ammonia 1%). mp . 2508C (EtOH/
H2O). IR (KBr), cm21: 3386 (NH3

þ), 1653 (CvO),
1617 (CvN). 1H NMR (DMSO-d6), d, ppm: 1.70
(m, 2H, H40), 1.83 (m, 4H, H30), 2.46 (s, 3H, CH3),
3.05 (m, 2H, NCH2), 3.58 (m, 4H, H20), 3.98
(s, 2H, CH2N), 4.68 (m, 2H, CH2O), 5.26 (s, 2H,
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H11), 7.16 (s, 1H, H6), 7.43 (dd, Jo ¼ 9:1 Hz; Jm ¼

2:0 Hz; 1H, H2), 7.58 (d, Jm ¼ 2:0 Hz; 1H, H4), 8.08
(d, Jo ¼ 9:1 Hz; 1H, H1), 8.23 (bs, 3H, NH3

þ), 8.65
(s, 1H, H12), 10.85 (bs, 1H, NHþ). Anal. Calcd. for
C24H28N4O2† 2HCl†3H2O: C, 54.24; H, 6.83; N,
10.54; Cl, 13.34. Found: C, 53.94; H, 6.63; N, 10.52;
Cl, 13.26%.

8-Aminomethyl-7-methyl-9-oxo-2-(2-piperidin-1-
ylethoxy)-9,11-dihydroindolizino [1,2-b ]quinoline
Dihydrochloride (12b)

Yellow solid. (150 mg, 70% yield) from 11b (200 mg,
4.4 mmol) and HCl (20 mL). Rf ¼ 0:36 (CH2Cl2/
MeOH 9:1, ammonia 1%). mp . 2508C (EtOH/H2O).
IR (KBr), cm21: 3417 (NH3

þ), 1655 (CvO), 1621
(CvN). 1H NMR (DMSO-d6), d, ppm: 1.71 (m, 2H,
H40), 1.87 (m, 4H, H30), 2.46 (s, 3H, CH3), 3.07 (m, 2H,
NCH2), 3.55 (m, 4H, H20), 4.00 (s, 2H, CH2N), 4.68
(m, 2H, CH2O), 5.27 (s, 2H, H11), 7.15 (s, 1H, H6), 7.57
(d, Jo ¼ 9:0 Hz; 1H, H3), 7.64 (s, 1H, H1), 8.09
(d, Jo ¼ 9:0 Hz; 1H, H4), 8.23 (bs, 3H, NH3

þ), 8.57
(s, 1H, H12), 11.27 (bs, 1H, NHþ). Anal. Calcd. for
C24H28N4O2†2HCl†3.5H2O: C, 53.33; H, 6.90; N,
10.37; Cl, 13.12. Found: C, 53.52; H, 6.75; N, 10.30; Cl,
12.96%.

8-Aminomethyl-7-methyl-9-oxo-9,11-dihydro-
indolizino[1,2-b ]quinoline Hydrochloride (12c)

Pale yellow solid (850 mg, 58% yield) from 11c
(150 mg, 4.7 mmol) and HCl (15 mL). Rf ¼ 0:59
(CH2Cl2/MeOH 9:1, ammonia 1%). mp . 2508C
(EtOH/H2O). IR (KBr), cm21: 3422 (NH3

þ), 1656
(CvO), 1609 (CvN). 1H NMR (DMSO-d6),
d, ppm: 3.35 (s, 3H, CH3), 4.00 (s, 2H, CH2N), 5.31
(s, 2H, H11), 7.27 (s, 1H, H6), 7.74 (td, Jo ¼ 8:3 Hz;
Jm ¼ 1:3 Hz; 1H, H2 or 3), 7.88 (td, Jo ¼ 8:3 Hz;
Jm ¼ 1:3 Hz; 1H, H2 or 3), 8.09 (bs, 3H, NH3

þ), 8.15–
8.18 (m, 2H, H1, H4), 8.72 (s, 1H, H12). Anal. Calcd.
for C17H15N3O†1.5HCl†2.25H2O: C, 54.81; H, 5.68;
N, 11.28; Cl, 14.27. Found: C, 54.43; H, 5.38; N, 11.13;
Cl, 14.27%.

RESULTS AND DISCUSSION

DNA Interaction

Addition of DNA induces marked changes to
the absorption spectra of the compounds 12a–c
(Figure 3).

FIGURE 3 Absorption spectral changes on titration of
compounds 12a–c with DNA. To 3 mL of drug solution at 20mM
were added aliquots of a concentrated calf thymus DNA solution.
The phosphate-DNA/drug ratio increased from 0 to 10 (top to
bottom curves, at 380 nm). Measurements were performed in
1 mM sodium cacodylate buffer, pH 7.0.

TABLE I DNA binding parameters

DTm (8C) Abs*
Kapp

†

CT dAT Dl H £ 106 (M21)

10a 4.6 12.8 8 35.8 0.200 ^ 0.002
10b 1.2 5.8 9 33.0 0.290 ^ 0.003
10c 0 0 0 2.7 –‡

12a 19.4 28.6 11 38.6 8.40 ^ 0.12
12b 13.6 19.8 9 35.3 2.50 ^ 0.08
12c 1.9 3 8 33.1 –‡

* Absorption spectral changes recorded on addition of 200mM calf thymus
DNA to a drug solution at 20mM in 1 mM Na cacodylate buffer, pH 7.0. H
and Dl refer to the hypochromic (%) and bathochromic (nm) shifts.
† Binding constants calculated from the concentration required to reduce by
50% the fluorescence of ethidium bromide bound to calf thymus DNA. ‡ No
displacement of DNA-bound ethidium bromide at 50mM.
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Good isosbestic behaviour is observed with these
compounds. With 12a, the absorption maximum is
shifted from 381 to 392 nm and the red-shift amounts
to 9 nm with 12b (from 377 to 386 nm) (Table I).
An important hypochromic shift is also seen: H ¼

38:6% for 12a (Table I). The amide compounds 10a–c
showed weaker spectral changes compared to the
aminomethyl analogues (Table I).

The interaction of the drugs with DNA was also
investigated by thermal denaturation analysis to
estimate their relative affinity. The Tm measure-
ments, carried out with calf thymus DNA and the
polynucleotide poly(dAT)2, gave the DTm values
ðDTm ¼ Tmcomplex 2 TmDNAÞ collected in Table I.
There were great differences between the com-
pounds. In the aminomethyl series, 12a,b stabilized
duplex DNA against heat denaturation much more
strongly than 12c, indicating that the side chain
played a significant role in drug-DNA interaction.

The position of the side chain on the chromophore
was also important because with both calf thymus
DNA and poly(dAT)2, the Tm shifts were more
pronounced with 12a than with 12b. The side chain
introduced on the chromophore at position-3 was
preferable to position-2.

Binding affinities were determined by fluore-
scence using an ethidium bromide-displacement
assay. 12a was found to bind strongly to calf thymus
DNA with an apparent binding constant about 4
times higher than that determined for 12b and 40
times superior to those calculated for the amides
10a,b (Table I).

The binding mode of 12a–c to DNA was probed by
electric linear dichroism (ELD) using calf thymus
DNA and the polynucleotides poly(dA–dT)2 and
poly(dG–dC)2 (Figure 4). In all cases, the reduced
dichroism DA/A was negative in the drug absorp-
tion band, which reflects the orientation of the
chromophore perpendicular to the helix axis, as
expected for an intercalative binding. Unwinding of
supercoiled DNA was observed with 12a, confirming
that this compound is a DNA intercalator.

DNA Sequence Recognition

Footprinting experiments were performed with four
restriction fragments (Figure 5).

The DNA substrates, 30-end radiolabeled, were
incubated with increasing concentrations of 12a–c
and, after equilibration, the complexes were
subjected to limited cleavage by DNase I. Clear
modifications in the patterns of cleavage by DNase
I were observed with 12a whereas 12b and 12c
showed little, if any, effect on enzyme activity.

FIGURE 4 Dependence of reduced dichroism DA/A on the
electric field strength for compounds 12a–c bound to calf thymus
DNA. Conditions: P=D ¼ 25 (250mM DNA, 10mM drug), 389 nm
for 12a, 383 nm for 12b, 366 nm for 12c, and 260 nm for DNA alone.
Measurements were performed in 1 mM sodium cacodylate buffer,
pH 7.0.

FIGURE 5 DNase I footprinting of 12a–c on the (A) 117-bp and (B) 265-bp Eco RI-Pvu II fragments from pBS and the HindIII-Xba I 198-bp
(C) MS1 and (D) MS2 fragments. In each case, the DNA was 30-end labeled with [a-32P]dATP in the presence of AMV reverse transcriptase.
The products of nuclease digestion were resolved on an 8% polyacrylamide gel containing 8 M urea. The concentration (mM) of the drug is
shown at the top of the appropriate gel lanes. Control tracks (Ct) contained no drug. Tracks labeled “G” represent dimethylsulphate-
piperidine markers specific for guanines.
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A few sites of protection from DNase I cutting
(i.e. footprints) adjacent to regions of enhanced
cleavage can be detected with 12a as the ligand
concentration is raised, but not with 12b,c. The gels
were analyzed by phosphor imaging to determine
the exact position of the footprints, presumptive
ligand binding sites. A range of binding sequences
were identified from differential cleavage plots
(Figure 6).

12a was found to bind selectively to
many sequences with a high GC content, such as

50-GGCCAGT, 50-CGCC, 50-TCTAGA, 50-CATGC-
CTGC, 50-GCGTG and 50-ACGC. Binding to a few
AT/GC mixed sequences, such as 50-ACGT,
50-AGTG, 50-CTAC and 50-ATGT, was also detected.
On the contrary, DNase I cutting at AT-rich
sequences was found to be enhanced in the presence
of 12a and this effect can be attributed to intercala-
tion-induced perturbations of the double helical
structure of DNA. It appears that 12a is sensitive to
GC-rich sequences and those containing GpT (ApC)
and TpG (CpA) steps.

FIGURE 6 Differential cleavage plots comparing the susceptibility of (A) the 117-mer and (B) 265-mer DNA fragments to DNase I cutting
in the presence of the compounds (20mM each). Panels (C) and (D) show the differential cleavage plots for the drugs bound to the 198-bp
DNA fragments MS1 and MS2 containing the cloned sequence which constitutes all 136 distinguishable tetranucleotide sequences.
Negative values correspond to a ligand-protected site and positive values represent enhanced cleavage. Vertical scales are in units of
ln(fa)–ln(fc), where fa is the fractional cleavage at any bond in the presence of the drug and fc is the fractional cleavage of the same bond in
the control, given closely similar extents of overall digestion. Each line drawn represents a 3-bond running average of individual data
points, calculated by averaging the value of ln(fa)–ln(fc) at any bond with those of its nearest two neighbours. Only the region of the
restriction fragment analyzed by densitometry is shown.
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Cytotoxicity Assays

The results on in vitro cytotoxicity bioassays are
shown in Table II.

Compounds 12a,b with an aminomethyl group on
ring D and a piperidine side chain on the A-ring
showed a modest anti-proliferative activity whereas
12c, without a side chain did not show any activity.
12a, with the side chain at position-3, had an
IC50 of 4.6mM on PC 3 and was twice as potent as 12b.

Compounds 10a–c with an aminocarbonyl group
on ring D were poorly active or inactive. Only 10c,
without a side chain on ring A, had an IC50 of 6.7mM
on PC 3. This compound had a poor affinity for DNA
(Table I), so it may be supposed that DNA-binding
was not required to induce cell death.

All of these compounds present a weak cytotoxi-
city on PC 3 and DU 145 cells, compared with those
of CPT and TPT (Figure 1). It can be concluded that
the E-ring deletion is critical for the cytotoxicity.

CONCLUSION

This study shows that the A–D ring subunit of CPT
is particularly well adapted for potent and selective
recognition of GC-rich DNA sequences. The DNA
binding data can be rationalized by a model in which
the indolizino[1,2-b ]quinoline chromophore stacks
on a G†C pair. Incorporation of a cationic piperidino-
ethyloxy side chain significantly reinforces DNA
interaction. Moreover this chain gives better inter-
action when introduced in position-3 rather than -2.
These compounds have weak cytotoxicity on human
prostate cancer cell lines PC 3 and DU 145. The
present data also provides important information for
understanding more fully the mechanism of action of
indolizino[1,2-b ]quinolines such as batracyclins
which are highly potent antitumor agents.24
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10a .50 .50
10b .50 .50
10c .50 6.7
12a 6.2 4.6
12b 11.8 11.0
12c .50 .50
CPT22 ND 0.06
TPT22,23 0.04 0.16
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