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Novos derivados do lapachol 2, nor-lapachol 3 e da lausona 4 foram sintetizados através do
deslocamento nucleofílico das metoxinaftoquinonas 2a, 3a e 4a pela poliamina (PA) N1-Boc-
N5-Bn-espermidina 1a. Os produtos, 2b, 3b e 4b, respectivamente, foram obtidos em bons
rendimentos e caracterizados por métodos espectroscópicos e analíticos. Os ensaios preliminares
de inibição das enzimas topoisomerases (topo) I e II-α mostraram-se promissores: todos os
compostos (1a 2b, 3b e 4b) inibiram a atividade catalítica da enzima topo II-α na dose de 2
μM. Considerando que somente a PA 1a não inibiu a atividade da enzima na dose de 0,2 μM, as
naftoquinonas apresentam-se como fragmentos em potencial para melhorar a atividade de PAs.
Nenhum dos compostos inibiu a topo I na dose de 200 μM.

Novel derivatives of lapachol 2, nor-lapachol 3 and lawsone 4 have been synthesized by
nucleophilic displacement of the methoxynaphthoquinones 2a, 3a and 4a with the polyamine
(PA) N1-Boc-N5-Bn-spermidine 1a. The respective products 2b-4b were obtained in good yields
and characterized by spectroscopic and analytical methods. The inhibitory action of these
naphthoquinone-PA conjugates on DNA-topoisomerases (topo) I and II-α was evaluated by
relaxation assay of supercoiled DNA plasmid. All compounds (1a 2b, 3b and 4b) presented
significant inhibition of topo II-α catalytic activity at the 2 μM dose. Considering that only PA
1a did not inhibit the enzyme catalytic activity at the 0.2 μM dose, the appended naphthoquinone
moiety acts as a “value added” fragment. Compounds 1a 2b, 3b and 4b did not inhibit the
enzyme DNA-topo I at the 200 μM dose.
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Introduction

Polyamines (PAs) spermidine, spermine and putrescine
occur in the cells of living organisms where they fulfill an
array of physiological roles.1 Because they are involved in
optimum growth and replication of various cell types, and
are present in higher concentrations in rapidly proliferating
cells2 they were identified as potential targets for the

development of anticancer drugs. Initial efforts were focused
on the design and synthesis of selective inhibitors of the PA
biosynthetic enzymes however their action was not sufficient
to inhibit tumor growth.3 The discovery that tissues with a
high demand of PAs contain active polyamine transporter
(PAT) for importing exogenous PAs4 redirected the focus of
interest to the PA uptake system from the cellular
environment, and several potent inhibitors became known.5

Anticancer therapies have tried to use the PAT to convey
citotoxic and genotoxic agents to rapidly proliferating cells.6
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Currently, the most actively pursued approach is based on
tumor growth inhibition by cytotoxic structural analogues
of the natural PAs, however the PA transport system also
offers the possibility to improve transport and accumulation
by tumors of compounds which are tethered to PA structures.
One of the recent strategies involved the grafting of PAs onto
DNA intercalators7 (e.g. linear tricyclic systems) whose
primary target is a DNA topoisomerase enzyme.6,8

As part of our interest in the synthesis of PAs9 and in the
preparation of aminonaphthoquinone derivatives with
pharmacological activities,10,11 we became interested in
linking spermidine (1) to lapachol (2), nor-lapachol (3) and
lawsone (4). The prenyl naphthoquinone 2 is readily isolated
from several species of Tabebuia sp (Bignoniaceae) abundant
in South America, and derivative 3 is obtained from 2 by the
Hooker oxidative degradation.12 A number of synthetic
derivatives of lapachol, such as mono-(arylimines)-o-
quinones derived from β-lapachone showed cytotoxicity
against human cancer cells.13,14 Naphthoquinones related to
lapachol 2 have been shown to exhibit notable cancer
preventive potential.15 Furthermore, various amine derivatives
of 211 have been shown to interact with DNA.16

In an earlier communication9 we described a protocol
for selective handling of spermidine amino groups. We
report herein the coupling of a protected derivative of
spermidine with the methoxylated derivatives of compounds
2-4 to yield the first naphthoquinones tethered to a PA.

Results and Discussion

Synthesis of the spermidine-quinone conjugates

The novel spermidine-quinone conjugates were
synthesized as follows: i) methylation of lapachol 2 and
nor-lapachol 3 with dimethylsulphate in acetone and

potassium carbonate as described previously, to yield 2a
(77%)10 and 3a (71%),11 respectively, and synthesis of
methoxylawsone 4a from the sodium salt of 1,2-
naphthoquinone-4-sulfonic acid;17 ii) preparation of the
protected derivative of spermidine 1a in a four-step
synthesis;9 iii) nucleophilic displacement of the
methoxyquinones 2a, 3a and 4a with compound 1a
(Scheme 1).

The reaction of 1a with methoxylapachol 2a under the
conditions used for the synthesis of amine derivatives of
lapachol, i.e. in methanol, under reflux, did not occur after
24 h, according to TLC, however, when it was carried out
in the same solvent in a sealed tube, at 90 oC for 20 h, the
desired product 2b was obtained 75% yield (Scheme 1).
The reactions of 1a with the other methoxynaphthoquinones
were then carried out under the same conditions and the
respective substitution products 3b and 4b were also
obtained in 61 and 98% yields, respectively. These
compounds were characterized by analytical and
spectroscopic methods.18 Their 1H and 13C NMR spectra
showed clearly the naphthoquinone hydrogen and carbon
signals, as well as those of the protected spermidine moiety.

Relaxation assays of DNA topoisomerases (topo) I and II-α

The conversion of pBR322 supercoiled plasmid DNA
to the relaxed form by the enzymes topo I and II-α was
examined in the presence of PA 1a and adducts 2b-4b.19

DNA topoisomerases are enzymes that modulate the
topological state of DNA. They are targets for many
effective drugs in cancer treatment.20

The effects of the compounds on the catalytic activity
of DNA topo II-α enzyme were observed in the relaxation
assays using pBR322 in the presence of ATP.21 PA 1a and
conjugates 2b, 4b and 3b were evaluated at 2 μM (lanes
4-7, respectively) and 0.2 μM (lanes 8-11, respectively)
(Figure 1). All compounds presented significant inhibition
of topo II-α catalytic activity at the 2 μM dose. Etoposide
was used as the positive control. Interestingly, at the 0.2
μM dose, only PA 1a did not inhibit the enzyme catalytic
activity. Since only partial inhibition of the enzyme
activity by lapachol 2 has been observed at the 200 μM
dose,17 it is clear that the PA appendage has led to a

Scheme 1.
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dramatic decrease in the concentration of the adduct 2b
necessary for inhibition of the enzyme activity. In contrast,
none of the compounds inhibited the enzyme DNA-topo
I at the 200 μM dose.

Conclusions

Although a number of PA conjugates have been
described in the literature,6,8,22-23 to our knowledge, these
are the first naphthoquinone spermidine adducts known to
date. Preliminary results of the relaxation assays of DNA
topo I and II-α indicate that the enzyme topo II-α is a target
of PA-naphthoquinone conjugates 2b-4b at relatively low
concentrations, and also point to the importance of the
naphthoquinone moiety in improving the inhibitory activity
of PA 1a. Further biological evaluation is in progress to
determine the potency of these compounds. Considering
the large spectra of pharmacological activities shown by
lapachol and analogous naphthoquinones, studies are in
progress to assess other pharmacological activities of
compounds 2b-4b.
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obtained as the reddish brown oil 2b (174.0 mg, 75%). R
f
 =

0.7 (hexane/EtOAc, 1:1). IR (film) ν
max

/cm-1: 3347, 3063, 3027,
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3
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Figure 1. All lanes contain 0.25 μg of the DNA (pBR322) and 1.0 unit of
topo II-α, with the exception of Lane 2. Lane 1: etoposide (2 μM). Lane
2: negative control (pBR322 only). Lane 3: positive control (pBR322
and topo II-α). Lane 4: PA 1a 2 μM; Lane 5: lapachol conjugate 2b 2 μM.
Lane 6: lawsone conjugate 4b 2 μM. Lane 7: nor-lapachol conjugate 3b
2 μM. Lane 8: PA 1a 0.2 μM; Lane 9: lapachol conjugate 2b 0.2 μM.
Lane 10: lawsone conjugate 4b 0.2 μM. Lane 11: nor-lapachol conjugate
3b 0.2 μM.
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45.0, 52.7, 53.4, 58.9, 77.9, 115.4, 123.2, 126.2, 127.2, 128.7,

130.5, 132.0, 133.6, 134.4, 139.4, 145.7, 156.1, 183.1. MS

(QTof micromass spectrometer) Found: 560.3488 [2b+1]+.

Calc. for [C
34

H
46

N
3
O

4
]+ 560.34883. Similar procedure was

followed for the syntheses of compounds 3b and 4b. Product

3b was purified as above using hexane/EtOAc 8:2 as eluent,

and obtained as a brown-reddish oil. 3b (132 mg, 61%). R
f
 =

0.50 (hexane/EtOAc, 1:1). 1H NMR (200 MHz, CDCl
3
): δ 1.43
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3
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133.8, 134.7, 138.7, 139.5, 144.8, 156.2, 183.1, 183.5. MS

Found: 546.3332 [3b+1]+. Calc. for [C
33

H
44

N
3
O

4
]+ 546.33318.

Product 4b was purified as above using hexane/EtOAc 8:2 as
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): δ 1.44 (s, 9H), 1,59 (m, 6H), 2.43

(t, J 6.2 Hz, 2H), 2.50 (t, J 6.2 Hz, 2H), 3.11 (m, 4H), 3.53 (s,

2H), 5.28 (brs, 1H), 5.68 (s, 1H), 5.99 (s, 1H), 7.30 (m, 5H),

7.61 (brt, J 7.5 Hz, 1H), 7.73 (brt, J 7.5 Hz, 1H), 8.05 (d, J 7.5

Hz, 1H), 8.11 (d, J 7.5 Hz, 1H). 13C NMR (50 MHz, CDCl
3
): δ

24.6, 25.9, 26.1, 28.5, 34.0, 42.4, 52.4, 53.1, 58.9, 78.9, 126.2-

129.0, 131.9, 134.7, 139.2, 149.2, 157.3, 183.1, 184.3. MS

Found: 492.2862 [4b+1]+. Calcd for [C
29

H
38

N
3
O

4
]+ 492.28623.

19. Relaxation assay of DNA topoisomerases I (topo I) and II-α
(topo II-α). Tðhe enzymatic activity was analyzed14 by the

DNA relaxation assay according to the protocol described by

topoGEN (topogGEN, Columbus, OH, USA). One unit of DNA

topo I (from wheat germ, Sigma Co) and topo II-α (human

recombinant in E. coli, Invitrogen) enzymes was incubated

with 0.25 μg of pBR322 DNA (Sigma Co), in the presence or

absence of test compounds, in 10 μL of a mixture containing

100 mmol L-1 Tris, pH 7.9, 500 mmol L-1 NaCl, 500 mmol L-1

KCl, 50 mmol L-1 MgCl
2
, 1 mmol L-1 EDTA, 0.15 mg mL-1

BSA and 10 mmol L-1 ATP for 30 min at 37 °C. The reaction

was terminated by the addition of 1μL of a stop solution

consisting of 50% glycerol, 10% sodium dodecyl sulfate (SDS)

and 25% bromophenol blue. Electrophoresis was carried out

over 1% agarose gel plates, equilibrated with TAE buffer (50 x

stock: 242g Tris-base, 57.1 mL glacial acetic acid and 100 mL

of 0.5 mol L-1 EDTA) for 2.5 h at 60 V. The gels were stained

with ethidium bromide solution (0.5 μg mL-1) after electro-

phoresis for 30 min, washed with water and photographed under

UV light with a digital camera.
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