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Abstract—New derivatives of xanthenone-4-acetic acid, bearing an alkoxy chain of variable length and a basic moiety, were synthe-
sised in order to test the influence of this additional function on antitumour activity. The introduction of bulky substituents carrying
a basic nitrogen seems to be somewhat tolerated, since for some of the compounds the enhancement of lytic potential of human
monocytes was comparable to that of the reference molecule DMXAA. The induction of the release of TNF-a and nitric oxide
by human monocytes, as well as the hypothesis of a potentiation of the activity of lipopolysaccharide in the induction of those cyto-
toxic factors, was also evaluated. In this respect, the most interesting compound (6a) exhibited the same spectrum of biological activ-
ity shown by DMXAA and seems therefore to be endowed with the same mechanism of action of the reference compound.
� 2006 Elsevier Ltd. All rights reserved.

1. Introduction

Xanthenone-4-acetic acid1 (XAA, Chart 1) is a deriva-
tive of flavone-8-acetic acid2 (FAA, Chart 1), a very
interesting compound endowed with a peculiar antitu-
mour profile in murine models, being remarkably active
on solid tumours3 although not extremely potent, which
did not exhibit any significant activity in subsequent
clinical trials.4 XAA is structurally closely related to
FAA and proved to be a more promising lead, showing
considerably higher potency. Extensive SAR studies
were performed on this molecule and the results of stud-
ies on mono- and di-substituted XAA analogues5,6 sug-
gested that activity was primarily dependent on the
position of the substituents more than on their nature,
being positions 5 and 6 the most favourable for substitu-
tion, especially with small lipophilic groups: 5,6-dimeth-
yl-xanthenone-4-acetic acid (DMXAA, Chart 1) proved
to be the most potent compound synthesised, showing
activity on human models,7 and it is now undergoing
clinical trials.8 The antitumour activity of these

compounds is known to be due to indirect effects more
than to direct cytotoxicity, involving both the host im-
mune system (enhancement of lytic properties of macro-
phages and activity of NK cells) and the vascular system
(haemorrhagic necrosis of tumour vasculature) through
induction of a number of cytokines, such as tumour
necrosis factor a (TNF-a) and interferons.9,10 There is
also evidence for a dose-dependent increase in plasma
nitrite plus nitrate (NO2

�=NO3
�Þ concentrations in mice

following administration of FAA and related drugs,
which could contribute to tumour cell death by alter-
ation of blood flow and direct cell killing.11 In addition,
DMXAA was shown to induce early changes in tumour
vascular endothelial cells, which can be considered as an
indication of apoptosis.12 The mechanism of action of
this class of compounds has not been elucidated yet
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and their biological target is still unknown, but there is
substantial evidence that the activation of nuclear-factor
jB (NFjB) is involved. This is thought to be the main
transcription factor leading to production of TNF and
other cytokines13 and DMXAA was shown to induce
its activation in monocytes,14 vascular endothelial cells12

and different tumour cells.15

Our research group has been interested for some years in
the synthesis and biological evaluation of analogues of
FAA and XAA.16 In a recent paper,17 we reported the
synthesis and biological activity of new analogues of
XAA in which substituents in positions 5 and 6, the
most favourable for an increase in activity, were
grouped in cyclic structures, and of their synthetic inter-
mediates bearing different alkoxy groups in position 6.
In the present paper, we further investigate the SAR
of this series and, in particular, the substitution in posi-
tion 6 by introducing an alkoxy chain of variable length
carrying a basic nitrogen (piperidine or morpholine) in
order to test the influence of this additional function
on the activity. For a deeper investigation of the influ-

ence of this addition on the whole molecule, the same
functional groups were also introduced in position 3 of
the xanthone nucleus.

The structures of the synthesised compounds are pre-
sented in Table 1.

2. Chemistry

The synthesis of 3-alkoxyxanthones 1–4a,b is reported in
Scheme 1. 3-Hydroxy-4-allylxanthenone18 was alkylated
with the selected 1-bromo-x-chloroalkane in the pres-
ence of potassium carbonate to obtain the correspond-
ing x-chloroalkoxy derivative, and the allyl group was
oxidized to the carboxylic acid with KMnO4. By heating
with NaI the chlorine atom was substituted by an iodine
and the compounds were then reacted with piperidine or
morpholine to give the desired derivatives. 6-Alkoxyx-
anthones 5–8a,b were prepared according to Scheme 2.
The methyl ester of 6-hydroxyxanthone-4-acetic acid17

was alkylated with the selected 1-bromo-x-chloroal-

Table 1. Analytical data of the target compounds

O

O

O(CH2)n

CH2COOH
N X O

O

CH2COOH
(CH2)nONX

1-4 a,b 5-8 a,b

Compound n X Yield (%) mp (�C) 1H NMR d (DMSO-d6) and MS

1a 2 CH2 50 217–219 1.35–1.40 (m, 2H); 1.50–1.55 (m, 4H); 2.45–2.50 (m, 4H); 2.75 (t, 2H); 3.85 (s, 2H); 4.35 (t,

2H); 7.25–8.20 (m, 6H). m/z: 381 (M+, 5), 252 (29), 224 (30), 98 (100). Anal. C, H, N

1b 2 O 60 214–217 (CDCl3): 2.90–2.95 (m, 4H); 3.15 (t, 2H); 3.90–3.95 (m, 4H); 4.15 (s, 2H); 4.45 (t, 2H); 6.95–

8.35 (m, 6H).m/z: 383 (M+, 4), 252 (9), 100 (100). Anal. C, H, N

2a 3 CH2 50 216–218 1.35–1.40 (m, 2H); 1.50–1.60 (m, 4H); 1.90–1.95 (m, 2H); 2.35–2.45 (m, 6H); 3.85 (s, 2H);

4.25 (t, 2H); 7.10–8.10 (m, 6H).m/z: 395 (M+, 6), 252 (100), 224 (96), 98 (100). Anal. C, H, N

2b 3 O 65 212–214 (CDCl3): 2.10–2.15 (m, 2H); 2.80–2.85 (m, 6H); 3.75 (m, 4H); 3.90 (s, 2H); 4.15 (t, 2H); 6.90–

8.25 (m, 6H). m/z: 397 (M+, 5), 252 (18), 224 (15), 100 (100). Anal. C, H, N

3a 4 CH2 50 162–165 1.45–1.50 (m, 2H); 1.65–1.70 (m, 4H); 1.80–1.85 (m, 4H); 2.65–2.75 (m, 6H); 3.85 (s, 2H);

4.25 (t, 2H); 7.25–8.20 (m, 6H). m/z: 409 (M+, 4), 252 (28), 224 (25), 98 (100). Anal. C, H, N

3b 4 O 75 163–165 1.60–1.65 (m, 2H); 1.75–1.80 (m, 2H); 2.25–2.40 (m, 6H); 3.55–3.65 (m, 4H); 3.85 (s, 2H);

4.15 (t, 2H); 7.25–8.15 (m, 6H). m/z: 411 (M+, 3), 252 (15), 226 (19), 100 (100). Anal. C, H, N

4a 5 CH2 70 203–205 1.50–1.55 (m, 4H); 1.65–1.85 (m, 8H); 2.85 (t, 2H); 2.95–3.00 (m, 4H); 3.70 (s, 2H); 4.15 (t,

2H); 7.15–8.15 (m, 6H). m/z: 423 (M+, 3), 154 (17), 98 (100). Anal. C, H, N

4b 5 O 60 212–214 1.50–1.55 (m, 2H); 1.65–1.85 (m, 4H); 3.05–3.15 (m, 6H); 3.75–3.85 (m, 6H); 4.25 (t, 2H);

7.25–8.15 (m, 6H). m/z: 425 (M+, 3), 252 (37), 224 (32), 100 (100). Anal. C, H, N

5a 2 CH2 10 188–190 1.40–1.45 (m, 6H); 2.40–2.45 (m, 4H); 2.60–2.65 (m, 2H); 3.95 (s, 2H); 4.20–4.25 (m, 2H);

7.05–8.10 (m, 6H). m/z: 381 (M+, 25), 270 (86), 225 (100), 180 (78). Anal. C, H, N

5b 2 O 10 162–164 (CDCl3): 2.25–2.30 (m, 2H); 2.40–2.45 (m, 4H); 3.60–3.65 (m, 4H); 3.95 (s, 2H); 4.20–4.25

(m, 2H); 7.05–8.10 (m, 6H). m/z: 383 (M+, 21), 323 (34), 251 (100), 225 (48). Anal. C, H, N

6a 3 CH2 23 107–108 1.40–1.45 (m, 2H); 1.50–1.55 (m, 4H); 1.90–1.95 (m, 2H); 2.35–2.45 (m, 6H); 4.05 (s, 2H);

4.20–2.25 (m, 2H); 7.00–8.10 (m, 6H). m/z: 395 (M+, 3), 226 (45), 197 (100). Anal. C, H, N

6b 3 O 10 108–110 1.90–1.95 (m, 2H); 2.40–2.50 (m, 6H); 3.60–3.65 (m, 4H); 3.95 (s, 2H); 4.20–4.25 (m, 2H);

7.05–8.10 (m, 6H). m/z: 397 (M+, 44), 225 (100), 197 (60), 139 (86). Anal. C, H, N

7a 4 CH2 10 177–179 1.45–1.80 (m, 10H); 2.40–2.50 (m, 6H); 4.05 (s, 2H); 4.20–4.25 (m, 2H); 7.05–8.10 (m, 6H).

m/z: 409 (M+, 3), 365 (100), 226 (87), 209 (91). Anal. C, H, N

7b 4 O 30 171–173 1.60–1.65 (m, 2H); 1.80–1.85 (m, 2H); 2.35–2.40 (m, 6H); 3.60–3.70 (m, 4H); 4.00 (s, 2H);

4.20–4.25 (m, 2H); 7.05–8.10 (m, 6H). m/z: 411 (M+, 7), 380 (100), 366 (52). Anal. C, H, N

8a 5 CH2 25 118–120 1.40–1.45 (m, 4H); 1.60–1.70 (m, 6H); 1.80–1.85 (m, 2H); 2.70–2.80 (m, 6H); 4.05 (s, 2H);

4.20–4.25 (m, 2H); 7.05–8.10 (m, 6H). m/z: 423 (M+, 3), 197 (15), 98 (100). Anal. C, H, N

8b 5 O 78 86–88 (CDCl3): 1.35–1.40 (m, 2H); 1.70–1.80 (m, 4H); 2.60–2.65 (m, 2H); 2.80–2.90 (m, 4H); 3.80–

3.90 (m, 4H); 3.95 (s, 2H); 4.00–4.05 (m, 2H); 6.90–8.20 (m, 6H). m/z: 425 (M+, 3), 381 (100),

350 (85), 338 (56). Anal. C, H, N
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kane, the ester group was hydrolysed and the chlorine
atom was further substituted by an iodine. Subsequent
reaction with piperidine or morpholine gave the desired
compounds.

3. Biological evaluation

In order to define the pharmacological profile of these
compounds, their antiproliferative activity towards two
human tumour cell lines was assessed, in particular the
human ovarian adenocarcinoma cell line 2008 and the
cisplatin-resistant subline C13*, considering the remark-
able activity of this class of compounds on solid tu-
mours. Their human monocytes-mediated cytotoxicity
was also studied, pre-treating human peripheral blood
mononuclear cells (HPBMC) with DMXAA or its ana-
logues and, subsequently, considering the cytotoxicity
on C13* cells.

Since cytokines’ production is believed to be involved in
host-mediated activity of DMXAA,14 the induction of

the release of TNF-a and NO by human monocytes
was measured. It is well known that LPS stimulates
TNF-a production and NO synthesis by various mecha-
nisms, among which NF-jB translocation and NOS II
induction.19 LPS binds to a sieric protein named ‘LPS
binding protein’ that in turn binds to the membrane
receptor CD14, initiating a series of reactions which cul-
minate in the nuclear translocation of NF-jB, which
induces the transcription of various inflammatory cyto-
kine genes.20 In order to investigate deeper the effects of
the new compounds, the hypothesis of a potentiation of
the activity of lipopolysaccharide in the induction of
those cytotoxic factors resulting from the association
of selected compounds with LPS was considered.

4. Results

4.1. Antiproliferative activity

The new derivatives exhibited negligible inhibitory ef-
fects (Table 2). Only compounds 1a and 6a were able
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to inhibit cell viability at a dose of 250 lM and only on
2008 cells, while for most of the derivatives (7b, 8a, 8b
and 6b on C13* cell line, 5b and 5a on both cell lines)
a significant cytotoxic effect was only seen at the maxi-
mum tested dose (500 lM). Generally, the two cell lines
showed different responses to the tested compounds,
2008 cells being more sensitive than C13* cells, and
the antiproliferative capability of the compounds was
comparable to that of DMXAA taken as reference.

4.2. Human monocytes-mediated toxicity

Indirect mediated activity was measured as cytotoxicity
on C13* cells co-cultured with HPBMC pre-treated with
the new compounds. Results of Table 2 showed that
DMXAA was characterized by a significant ability to en-
hance the lytic properties of human monocytes, showing
a 5-fold lower IC50value with respect to direct toxicity.
Like the reference compound, 5 out of 16 analogues in-
duced an overall remarkable increase of the mediated
toxicity, showing a decrease of the IC50 values ranging
between 3- and 8-fold. In particular, considering the 3-
alkoxyxanthones, compounds 1b, 2b, 3a and 3b proved
to be able to significantly enhance the lytic properties of
HPBMC, showing IC50 values 5.3, 3.2, 4.7 and 4.0 times
lower than those of direct cytotoxicity, respectively. On
the contrary, the analogues 1a, 2a, 4a and 4b were not
able to influence the HPBMC activity. Among the 6-alk-
oxyxanthones, only derivative 6a showed activity compa-
rable to that of DMXAA. It is interesting to note that this
compound was a little more potent (1.3 times) than the
reference compound, but showed a significant enhance-
ment of the lytic properties of HPBMC, showing an
IC50 value 8.8 times lower than that of its direct cytotox-
icity. Taking into account the other 6-alkoxyxanthone
analogues, only 8a was able to activate monocytes, but
its activity became a lot lower than that of DMXAA.

When the same assay was performed in association with
LPS (Fig. 1 and Table 3), only DMXAA improved the

HPBMC lytic activity, becoming 3 times more potent
than it was when used alone. Among the selected com-
pounds, 6a displayed the same ability to increase its
indirect cytotoxicity when used in association, while
the activity of 3a and 3b was remarkably reduced. In
particular, 3a completely lost its activity, whereas the
indirect cytotoxicity of derivative 3b was considerably
reduced.

4.3. TNF-a production

The HPBMCs’ TNF production and release after 24 h
exposure to DMXAA and selected compounds 3a, 3b
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Figure 1. Proliferation of C13* cells co-cultivated on HPBMC pre-

treated with DMXAA or new compounds with LPS. *P < 0.05;

**P < 0.01.

Table 2. Antiproliferative activity on 2008 and C13* cells and indirect mediated activity on C13* cells co-cultured with human monocytes (HPBMC)

pre-treated with the new compounds

Compound IC50 (lM) 2008 PR versus

IC50 DMXAA

IC50 (lM) C13* PR versus

IC50 DMXAA

IC50 (lM) C13*
+ HPBMC

PR versus IC50

DMXAA

PR versus

IC50 C13*

DMXAA 448.1 (395.9–507.3) 1.0 641.8 (511.1–805.7) 1.0 136.6 (105.0–172.6) 1 4.7

1a 406.8 (316.3–523.0) 1.1 816.1 (642.7–1036.2) 0.8 nd nd nd

1b 815.1 (611.6–1086.3) 0.5 831.4 (628.3–1110.2) 0.8 156.5 (210.3–121.7) 0.9 5.3

2a 513.9 (421.0–627.3) 0.9 715.9 (557.8–918.8) 0.9 nd nd nd

2b 531.5 (437.1–646.3) 0.8 676.4 (536.1–853.4) 0.9 213.3 (290.9–156.4) 0.6 3.2

3a 466.8 (411.0–530.0) 0.9 567.3 (464.8–692.5) 1.1 140.9 (110.8–179.2) 1.0 4.0

3b 488.9 (427.4–559.1) 0.9 633.6 (567.4–799.5) 1.0 133.8 (108.7–164.9) 1.0 4.7

4a 611.4 (495.5–754.4) 0.7 610.1 (507.4–733.6) 1.0 nd nd nd

4b 534.2 (437.8–651.8) 0.8 592.6 (494.0–711.0) 1.1 nd nd nd

5a 599.6 (500.4–718.6) 0.7 nd nd nd nd nd

5b 640.1 (515.0–773.1) 0.7 nd nd nd nd nd

6a 438.6 (376.2–511.5) 1.0 767.5 (610.2–1143.8) 0.8 99.8 (83.1–119.9) 1.3 7.7

6b 640.1 (530.0–762.1) 0.7 nd nd nd nd nd

7a 565.1 (480.7–664.4) 0.8 882.0 (823.4–1679.8) 0.7 nd nd nd

7b 689.9 (566.1–840.7) 0.6 nd nd nd nd nd

8a 894.2 (695.9–1146.1) 0.5 nd nd 517.1 (916.8–291.6) 0.3 nd

8b 566.8 (475.0–676.3) 0.8 nd nd nd nd nd

PR, Potency ratio; nd, not detectable.

Table 3. Human monocytes-mediated toxicity on C13* cells of

DMXAA or new compounds with LPS

Compound IC50 (lM) PR versus DMXAA

DMXAA 45.6 (29.5–70.6) 1

3a nd nd

3b 366.6 (229.7–585.3) 0.1

6a 86.8 (61.8–121.8) 0.5

PR, Potency ratio; nd, not detectable.
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and 6a, with or without LPS, was measured (Fig. 2a).
When used alone, neither DMXAA nor the two deriva-
tives substituted in position 3 (3a and 3b) were able to
stimulate TNF-a production, but cytokine production
was also lower than control. It should be noted that,
while compounds 3a and 3b seemed to inhibit TNF-a re-
lease in a dose-dependent manner, the inhibition in-
duced by DMXAA was inversely dose-correlated. Very
interesting was the effect seen with 6-alkoxyxanthone
6a, which significantly enhanced the capability of
HPBMC to produce and release cytokines, especially
at the two higher tested doses: the levels of TNF-a ob-
tained in response to 6a at 50 and 100 lM were signifi-
cantly larger (about 50%) than the level of the control
(Fig. 2a).

As expected from Philpott’s results,14 when DMXAA
was tested in association with LPS, a remarkable TNF
production with respect to the control was stimulated
(Fig. 2b). However, this stimulation was not significant-
ly different from that obtained with LPS alone. Other-
wise, the capability of HPBMC treated with the
selected compounds associated with LPS to produce
and release TNF-a was significantly lower than that in-
duced by LPS alone. On the other hand, considering the
3-alkoxyxanthones, 3a remained completely inactive,
while 3b stimulated human mononuclear cells’ TNF-a
production with respect to the control, even if only at
the lowest tested dose (25 lM). The ability of analogue
6a to induce TNF seemed not to be influenced by the
association with LPS. In fact, at the two higher doses
used (50 and 100 lM), it maintained its capability to in-
duce an increase of TNF production with respect to the

control, but this production was still significantly lower
than that obtained with LPS alone.

4.4. Nitrite quantitation

The nitrite assay was used as reliable indicator of
HPBMCs’ nitric oxide production and its release after
24 h exposure to DMXAA and selected compounds
3a, 3b and 6a, with or without LPS, was measured
(Fig. 3). When used alone, DMXAA was not able to
provide significant levels of nitrite at any tested dose
(Fig. 3a). The pattern obtained with two 3-alkoxyxant-
hones 3a and 3b used alone was different than that pro-
vided by the reference. At 25 lM both compounds
showed a very important inhibition of nitric oxide pro-
duction (about 60%), but this result completely changed
after 50 lM exposure. Results obtained with HPBMC
treatment with the highest concentration (100 lM) of
3a and 3b showed that, with respect to the control, they
significantly increased the amount of nitrite (about 50%)
released. Analogue 6a was able to stimulate a significant
nitric oxide production only at the highest tested dose,
while at both 25 and 50 lM it seemed not to influence
nitrite production.

When associated with LPS, DMXAA led to an increase
of nitric oxide production with respect to the control
(Fig. 3b). However, the remarkable HPBMC stimula-
tion resulting from treatment with 100 lM DMXAA
was not significantly higher than that obtained with
LPS alone. Very interesting is the LPS influence on
monocytes’ capability to produce and release nitric
oxide when co-exposed to two 3-alkoxyxanthones 3a
and 3b. As reported in Fig. 3, both the inhibition effect
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obtained at the lowest dose and the stimulation effect at
the highest dose were completely antagonized. On the
contrary, when HPBMC were co-exposed to LPS and
compound 6a a potent stimulation was provided. In
fact, not only the levels of nitrite measured were signif-
icantly higher with respect to the control, but they were
also significantly higher than those induced by LPS
alone. In particular, an increase of 48, 79 and 89%, with
respect to the LPS alone, was pointed out at 25, 50 and
100 lM, respectively.

5. Discussion

As expected, all new derivatives exerted direct cytotox-
icity only when tested at very high concentrations,
which are very far from those commonly used in
chemotherapy.

In order to define the real biological meaning of the
modifications brought to the molecule of DMXAA,
the ability of the new compounds to stimulate the
tumouricidal activity of human monocytes was consid-
ered. For this evaluation concentrations lower than
those used for the cytotoxicity assays (25, 50 and
100 lM) were employed and some of the new com-
pounds showed a remarkable indirect activity (Table
2). In particular, among the 3-alkoxy derivatives, only
compounds bearing a morpholine moiety seem to be
able to enhance the lytic properties of monocytes, except
for 4b which is inactive and 3a and 3b, having a four car-
bon-atom chain, which exhibited the same activity as
DMXAA, the most potent XAA derivative. Considering
derivatives with the chain in position 6, the most inter-
esting compound seems to be 6a, with a three carbon-at-
om chain carrying a piperidine ring. This compound
proved to be 1.3 times more potent than the reference
molecule, whereas the others were only poorly or not
active.

On the basis of the results obtained, the study continued
with the evaluation of the LPS ability to potentiate the
host-mediated cytotoxicity of DMXAA and derivatives
3b, 3a and 6a, inducing TNF-a and NO synthesis. The
analogues were selected considering their biological
activity and their structural analogies, being 6a and 3b
the most active compounds of the two different series,
while 3a differs from 3b only for a piperidine instead
of a morpholine ring.

When associated with LPS, the sole combinations to re-
main significantly active in the monocytes-mediated
cytotoxicity assays were those with DMXAA and deriv-
ative 6a. The comparison of the results of the associa-
tions with those obtained with the compounds alone
revealed different responses. In particular, when associ-
ated with LPS, DMXAA became 3 times more potent
in stimulating the lytic properties of human monocytes,
while the derivatives were either not influenced by the
presence of the LPS as compound 6a, or significantly
or totally inactivated as compound 3b and compound
3a, respectively.

As regards TNF-a production, no significant cytokine’s
release was determined by the reference compound
alone, while its combination with LPS induced consider-
able levels of TNF-a with respect to the control, though
not higher than that obtained with LPS alone. This
seems to be in contradiction with the results described
by Philpott and co-workers,14 who used DMXAA con-
centrations at least 30 times higher (3 mM). The 3-alk-
oxyxanthones 3a and 3b, according to host-mediated
cytotoxicity results, reduced the cytokine’s production
when used alone, and even more in association with
LPS. On the contrary, derivative 6a used at 50 and
100 lM was able to stimulate human monocytes to re-
lease TNF-a both alone and in association with LPS.

As far as the nitric oxide production is concerned, it was
influenced by the scheme of treatment in an important
manner. DMXAA alone was able to stimulate NO re-
lease only at the highest concentration tested, while in
combination with LPS it induced greater levels of NO
with respect to the control, anyhow lower than that ob-
tained with LPS alone. Derivatives 3a and 3b alone
influenced in a concentration-dependent manner the
NO production, the lowest concentration significantly
reducing the NO level with respect to the control, the
highest one being particularly active in stimulating it.
When associated to LPS, both of them induced NO pro-
duction in the inverse manner. The 6-alkoxyxanthone 6a
was able to stimulate NO release both alone, if used at a
concentration of 100 lM, and in association with LPS.
In the latter case, the two agents interacted synergically
when 6a was used at the two lower concentrations, or at
least additively at the highest one.

6. Conclusions

New derivatives of xanthenone-4-acetic acid, bearing an
alkoxy chain of variable length and a basic moiety in
positions 3 or 6, were synthesised in order to test the
influence of this additional function on antitumour
activity. From an overall view of the obtained results,
it can be seen that the introduction of an alkoxy chain
carrying an additional function, for example, a basic
nitrogen, did not lead to a significant increase in activity,
although it seems to be better tolerated in position 3
with respect to position 6. We already showed18 that
the introduction of a bulky lipophilic group in position
6 could lead to a slight increase in activity with respect
to DMXAA and it was interesting to note that com-
pound 6a still maintained the activity of the parent com-
pound. This seems to indicate that the possibility of
introducing substituents which are bulkier than the
small lipophilic groups previously reported,5,6 and car-
rying additional functions in different positions on the
xanthenone nucleus, could still be explored. In particu-
lar derivative 6a, carrying a substituent in position 6 like
DMXAA, showed the most interesting spectrum of bio-
logical activity. It can be supposed for this molecule to
be endowed with a mechanism of action similar to that
of DMXAA, as far as NF-jB activation and NOS II
induction are concerned. The 3-alkoxy-derivatives 3a
and 3b, though maintaining interesting activities, differ
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substantially from derivative 6a, in particular regarding
the TNF and NO production, suggesting that their cyto-
toxic effects could be due to different factors not consid-
ered in this study.

7. Experimental

7.1. Chemistry

7.1.1. General methods. Melting points were determined
in open glass capillaries using a Büchi apparatus and are
uncorrected. 1H NMR spectra were recorded in DMSO-
d6 (unless otherwise indicated) on a Varian Gemini 300
spectrometer. Chemical shifts are reported in d values
relative to tetramethylsilane and spin multiplicities are
given as s (singlet), d (doublet), t (triplet), q (quartet) or
m (multiplet). Mass spectra were recorded on a V.G.
7070 E spectrometer. Silica gel (Merck, 230–400 mesh)
was used for purification with flash chromatography. Ele-
mental analyses were within 0.4% of the theoretical val-
ues. Compounds were named following IUPAC rules as
applied by AUTONOM, Beilstein-Institute and Springer.

7.1.2.Synthesisofchloroalkoxy-4-substituted-xanthenones
(10–13 and 23–26). A mixture of 3-hydroxy-4-allylxanthe-
none 918 or methyl ester of 6-hydroxyxanthenone-4-acetic
acid 2217 (20 mmol), K2CO3 (30 mmol) and 1-bromo-x-
chloroalkane (40 mmol) in 50 mL acetone was refluxed
for 20 h and hot filtered. The solvent was evaporated
and the residue was resuspended in CH2Cl2. The organic
layer was washed with 5% NaOH solution, then with
water and then dried on Na2SO4. After evaporation of
the solvent and crystallization from EtOH, the following
compounds were obtained:

7.1.2.1. 3-(2-Chloroethoxy)-4-allylxanthenone (10).
Yield 61%, mp 146–148 �C. 1H NMR (CDCl3): d 3.70-
3.80 (m, 2H, CH2Ar), 3.90 (t, J = 6.6 Hz, 2H, CH2Cl),
4.45 (t, J = 6.6 Hz, 2H, CH2O), 5.10–5.15 (m, 2H, CH2

allyl), 6.05–6.15 (m, 1H, CH allyl), 7.05–8.40 (m, 6H,
aromatic).

7.1.2.2. 3-(3-Chloropropoxy)-4-allylxanthenone (11).
Yield 70%, mp 172–175 �C. 1H NMR (CDCl3): d
2.25–2.35 (m, 2H, CH2), 3.70–3.80 (m, 4H,
CH2Ar + CH2Cl), 4.30 (t, J = 6.6 Hz, 2H, CH2O),
5.00–5.10 (m, 2H, CH2 allyl), 6.00–6.05 (m, 1H, CH al-
lyl), 7.05–8.35 (m, 6H, aromatic).

7.1.2.3. 3-(4-Chlorobutoxy)-4-allylxanthenone (12).
Yield 50%, mp 188–190 �C. 1H NMR (CDCl3): d
1.55–1.65 (m, 4H, 2· CH2), 3.65–3.75 (m, 4H,
CH2Ar + CH2Cl), 4.25 (t, J = 6.6 Hz, 2H, CH2O),
5.10–5.20 (m, 2H, CH2 allyl), 6.00–6.05 (m, 1H, CH al-
lyl), 7.05–8.45 (m, 6H, aromatic).

7.1.2.4. 3-(5-Chloropentoxy)-4-allylxanthenone (13).
Yield 70%, mp 90–92 �C. 1H NMR (CDCl3): d 1.70–1.75
(m, 2H, CH2), 1.80–1.90 (m, 4H, 2· CH2), 3.65 (t,
J = 6.6 Hz, 2H, CH2Cl), 3.65–3.70 (m, 2H, CH2Ar), 4.15
(t, J = 6.6 Hz, 2H, CH2O), 5.10–5.15 (m, 2H, CH2 allyl),
6.00–6.05 (m, 1H, CH allyl), 6.90–8.30 (m, 6H, aromatic).

7.1.2.5. 6-(2-Chloroethoxy)xanthenone-4-acetic acid
methyl ester (23). Yield 70%, mp 125–128 �C. 1H
NMR (CDCl3): d 3.75 (s, 3H, COOCH3), 3.90 (t,
J = 6.6 Hz, 2H, CH2Cl), 4.00 (s, 2H, CH2CO–), 4.35
(t, 2H, CH2O), 6.90–8.35 (m, 6H, aromatic).

7.1.2.6. 6-(3-Chloropropoxy)xanthenone-4-acetic acid
methyl ester (24). Yield 95%, mp 115–118 �C. 1H NMR
(CDCl3): d 2.30–2.35 (m, 2H, CH2), 3.75–3.85 (m, 5H,
CH2Cl + COOCH3), 4.05 (s, 2H, CH2CO–), 4.30–4.35
(m, 2H, CH2O), 6.95–8.30 (m, 6H, aromatic).

7.1.2.7. 6-(4-Chlorobutoxy)xanthenone-4-acetic acid
methyl ester (25). Yield 74%, mp 115 �C. 1H NMR
(CDCl3): d 2.05–2.15 (m, 4H, 2· CH2), 3.70–3.75 (m,
2H, CH2Cl), 3.80 (s, 3H, COOCH3), 4.05 (s, 2H,
CH2CO–), 4.10–4.15 (m, 2H, CH2O), 6.90–8.30 (m,
6H, aromatic).

7.1.2.8. 6-(5-Chloropentoxy)xanthenone-4-acetic acid
methyl ester (26). Yield 95%, mp 116–118 �C. 1H NMR
(CDCl3): d 1.70–1.75 (m, 2H, CH2), 1.85–1.95 (m, 4H,
2· CH2), 3.75–3.85 (m, 5H, CH2Cl + COOCH3), 4.05
(s, 2H, CH2CO–), 4.10–4.15 (m, 2H, CH2O), 6.85–8.35
(m, 6H, aromatic).

7.1.3. Synthesis of 3-alkoxyxanthenone-4-acetic acids
(14–17). A mixture of the allyl derivative (10–13,
20 mmol), acetic acid (75 mL), acetone (75 mL) and
water (50 mL) was cooled to 0–5 �C and KMnO4

(0.1 mol) was added in portions over 6 h. The reaction
mixture was then stirred at rt for 1 h, poured into water
and H2O2 was added until it became colourless. The pre-
cipitate formed was filtered, resuspended in NaHCO3

and the aqueous solution was acidified and filtered to
obtain the following compounds:

7.1.3.1. 3-(2-Chloroethoxy)xanthenone-4-acetic acid
(14). Yield 57%, mp 222–225 �C. 1H NMR: d 3.90 (s,
2H, CH2CO–), 4.05 (t, J = 6.6 Hz, 2H, CH2Cl), 4.50
(t, J = 6.6 Hz, 2H, CH2O), 7.25–8.25 (m, 6H, aromatic),
12.50 (broad, 1H, COOH).

7.1.3.2. 3-(3-Chloropropoxy)xanthenone-4-acetic acid
(15). Yield 55%, mp 185–188 �C. 1H NMR: d 2.20–2.25
(m, 2H, CH2), 3.70–3.75 (m, 2H, CH2Cl), 3.95 (s, 2H,
CH2CO–), 4.20 (t, J = 6.6 Hz, 2H, CH2O), 7.25–8.20
(m, 6H, aromatic), 12.50 (broad, 1H, COOH).

7.1.3.3. 3-(4-Chlorobutoxy)xanthenone-4-acetic acid
(16). Yield 50%, mp 188–190 �C. 1H NMR: d 1.85–
1.95 (m, 4H, 2· CH2), 3.65–3.70 (m, 2H, CH2Cl), 3.95
(s, 2H, CH2CO–), 4.30 (t, J = 6.6 Hz, 2H, CH2O),
7.25–8.25 (m, 6H, aromatic).

7.1.3.4. 3-(5-Chloropentoxy)xanthenone-4-acetic acid
(17). Yield 50%, mp 201–204 �C. 1H NMR: d 1.50–1.55
(m, 2H, CH2), 1.75–1.85 (m, 4H, 2· CH2), 3.65 (t,
J = 6.6 Hz, 2H, CH2Cl), 3.85 (s, 2H, CH2CO–), 4.20
(t, J = 6.6 Hz, 2H, CH2O), 7.25–8.20 (m, 6H, aromatic).

7.1.4. Synthesis of 6-alkoxyxanthenone-4-acetic acids
(27–30). The ester derivative (23–26, 15 mmol) was
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refluxed in 6 N HCl for 4 h, hot filtered and the precip-
itate formed was collected and crystallized from toluene
to give the following compounds:

7.1.4.1. 6-(2-Chloroethoxy)xanthenone-4-acetic acid
(27). Yield 46%, mp 203–206 �C. 1H NMR: d 4.00 (s,
2H, CH2CO–), 4.15 (t, J = 6.6 Hz, 2H, CH2Cl), 4.45–
4.50 (t, J = 6.6 Hz, 2H, CH2O), 7.05–8.10 (m, 6H,
aromatic).

7.1.4.2. 6-(3-Chloropropoxy)xanthenone-4-acetic acid
(28). Yield 39%, mp 160–162 �C. 1H NMR: d 2.35–2.40
(m, 2H, CH2), 3.85 (m, 2H, CH2Cl), 4.05 (s, 2H,
CH2CO–), 4.30–4.35 (m, 2H, CH2O), 7.05–8.15 (m,
6H, aromatic).

7.1.4.3. 6-(4-Chlorobutoxy)xanthenone-4-acetic acid
(29). Yield 95%, mp 159–160 �C. 1H NMR: d 1.85–
1.95 (m, 4H, 2· CH2), 3.75–3.80 (m, 2H, CH2Cl), 4.00
(s, 2H, CH2CO–), 4.20–4.25 (m, 2H, CH2O), 7.05–8.10
(m, 6H, aromatic).

7.1.4.4. 6-(5-Chloropentoxy)xanthenone-4-acetic acid
(30). Yield 83%, mp 151 �C. 1H NMR: d 1.60–1.65 (m,
2H, CH2), 1.75–1.85 (m, 4H, 2· CH2), 3.70–3.75 (m,
2H, CH2Cl), 4.05 (s, 2H, CH2CO–), 4.15–4.25 (m, 2H,
CH2O), 7.05–8.15 (m, 6H, aromatic).

7.1.5. Synthesis of iodoalkoxy-4-acetic acids (18–21 and
31–34). A mixture of the chlorine derivative (14–17 and
27–30, 5 mmol) and NaI (5 mmol) in methylethylketone
(40 mL) was refluxed for 5–7 h. The reaction was al-
lowed to cool to rt and the precipitate formed was fil-
tered and crystallized from toluene to give the
following compounds:

7.1.5.1. 3-(2-Iodoethoxy)xanthenone-4-acetic acid
(18). Yield 78%, mp 232–235 �C. 1H NMR: d 3.55 (t,
J = 6.6 Hz, 2H, CH2I), 3.95 (s, 2H, CH2CO–), 4.45 (t,
J = 6.6 Hz, 2H, CH2O), 7.25–8.20 (m, 6H, aromatic).

7.1.5.2. 3-(3-Iodopropoxy)xanthenone-4-acetic acid
(19). Yield 80%, mp 192–195 �C. 1H NMR: d 2.20–
2.25 (m, 2H, CH2), 3.40–3.45 (m, 2H, CH2I), 3.95 (s,
2H, CH2CO–), 4.20 (t, J = 6.6 Hz, 2H, CH2O), 7.25–
8.25 (m, 6H, aromatic).

7.1.5.3. 3-(4-Iodobutoxy)xanthenone-4-acetic acid
(20). Yield 90%, mp 196–198 �C. 1H NMR: d 2.00–
2.10 (m, 4H, 2· CH2), 3.40–3.45 (m, 2H, CH2I), 3.95
(s, 2H, CH2CO–), 4.20 (t, J = 6.6 Hz, 2H, CH2O),
7.25–8.25 (m, 6H, aromatic), 12.45 (broad, 1H, COOH).

7.1.5.4. 3-(5-Iodopentoxy)xanthenone-4-acetic acid
(21). Yield 75%, mp 180–182 �C. 1H NMR: d 1.50–
1.55 (m, 2H, CH2), 1.75–1.85 (m, 4H, 2· CH2), 3.30–
3.35 (m, 2H, CH2I), 3.85 (s, 2H, CH2CO–), 4.15 (t,
J = 6.6 Hz, 2H, CH2O), 7.20–8.25 (m, 6H, aromatic),
12.45 (broad, 1H, COOH).

7.1.5.5. 6-(2-iodoethoxy)xanthenone-4-acetic acid (31).
Yield 98%, mp 198–199 �C. 1H NMR: d 3.60 (t,

J = 6.6 Hz, 2H, CH2I), 3.95 (s, 2H, CH2CO–), 4.45 (t,
J = 6.6 Hz, 2H, CH2O), 7.15–8.10 (m, 6H, aromatic).

7.1.5.6. 6-(3-Iodopropoxy)xanthenone-4-acetic acid
(32). Yield 98%, mp 169–171 �C. 1H NMR: d 2.30–
2.35 (m, 2H, CH2), 3.40–3.45 (m, 2H, CH2I), 4.00 (s,
2H, CH2CO–), 4.20–4.25 (m, 2H, CH2O), 6.90–8.30
(m, 6H, aromatic).

7.1.5.7. 6-(4-Iodobutoxy)xanthenone-4-acetic acid
(33). Yield 98%, mp 168–172 �C. 1H NMR: d 1.85–
1.95 (m, 4H, 2· CH2), 3.30–3.35 (m, 2H, CH2I), 4.05
(s, 2H, CH2CO–), 4.20–4.25 (m, 2H, CH2O), 7.05–8.10
(m, 6H, aromatic).

7.1.5.8. 6-(5-Iodopentoxy)xanthenone-4-acetic acid
(34). Yield 90%, mp 167–169 �C. 1H NMR: d 1.50–
1.55 (m, 2H, CH2), 1.80–1.85 (m, 4H, 2· CH2), 3.20–
3.25 (m, 2H, CH2I), 4.00 (s, 2H, CH2CO–), 4.20–4.25
(m, 2H, CH2O), 7.10–8.15 (m, 6H, aromatic).

7.1.6. Synthesis of x-piperidine- and x-morpholinealk-
oxyxanthenone-4-acetic acids (1–4 and 5–8). A mixture
of the iodine derivative (18–21 and 31–34, 0.01 mol)
and piperidine or morpholine (0.02 mol) in toluene
was refluxed for 8 h. The solvent was evaporated and
the residue was resuspended in water, the pH was
adjusted to 7 and the precipitate formed was filtered
and crystallized from ethanol (toluene for compounds
2a, 2b, 3a, 3b and 4a) to give the title compounds collect-
ed in Table 1.

7.2. Biological evaluation

7.2.1. Cell culture. The human ovarian adenocarcinoma
cell line 2008 and the cisplatin-resistant subline C13*,
kindly supplied by Prof. G. Marverti (Department of
Biomedical Sciences—University of Modena), were
maintained in RPMI 1640 supplemented with 10%
heat-inactivated FCS, 1% antibiotics (all products of
Biochrom KG Seromed) and 200 mM glutamine
(Merck).

7.2.2. Antiproliferative activity. For growth inhibition
assays 4 times 104 cells/mL were plated out in 96-well
culture plates (Falcon) and 24 h later cells were changed
into the appropriate medium with or without the freshly
dissolved test compounds. Each XAA derivative was
dissolved in DMSO and distilled water to 1000 lM
and then diluted to the highest concentration (500 lM)
in medium, filter-sterilized, diluted and used immediately.
DMSO amount in sample solutions was lower than
1% v/v. After 24 h of incubation, cells’ growth was
determined by a tetrazolium salt reduction assay
(MTT).21 Twenty microlitres of MTT solution (5 mg/mL
in PBS) was added to each well, and plates were incubat-
ed for 4 h at 37 �C. DMSO (150 lL) was added to all
wells and mixed thoroughly to dissolve the dark blue
crystals. The absorbance was measured on a micro-cul-
ture plate reader (Titertek Multiscan) using a test wave-
length of 570 nm and a reference wavelength of 630 nm.
DMXAA was taken as reference because of its potency
on human models.7
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7.2.3. Human mononuclear cells. Human peripheral
blood mononuclear cells (HPBMC) were isolated from
heparinized whole blood by centrifugation over Ficoll–
Paque (Pharmacia), plated (104 cells/well)in 96-well
plates and allowed to adhere at 37 �C. Viability of the
cells was assessed by Trypan blue dye exclusion and
was always more than 95%. After 2 h, the medium and
the non-adherent cells were discarded, the plates were
vigorously washed three times with RPMI 1640 medium
and further incubated in medium supplemented with 5%
FCS in the presence of different concentrations (25, 50
and 100 lM) of XAA analogues or DMXAA as refer-
ence compound. Furthermore, the same assay was per-
formed treating HPBMC with the selected compounds
3a, 3b and 6a or DMXAA in association with LPS
10 ng/mL (lipopolysaccharide from Escherichia coli
serotype 0127; F8, Sigma). After 24 h, the medium was
drawn and the C13* cells (104 cells/mL) were plated
above. The optimal macrophage/C13* cell ratio has
been previously determined (results not reported). Cells
were co-cultivated for 24 h and then lysis of C13* cells
was assessed by MTT test.22 The percentages of specific
cytotoxicity were calculated as follows:

ODðHPBMCþC13�Þ �ODðHPBMCÞ

ODðC13�Þ

7.2.4. TNF-a production and nitrite assay. Human
peripheral blood mononuclear cells (HPBMC) were iso-
lated and treated with compounds 3a, 3b and 6a or
DMXAA, with or without LPS as described above.
After 24 h incubations, culture media were carefully col-
lected and stored at �70 �C until assayed. Commercially
available enzyme-linked immunosorbent assay kit (Biot-
rak ELISA System—Amersham Pharmacia Biotech)
was used to determine the concentration of TNF-a,
according to manufacturer’s instructions. The collected
culture media were also used to evaluate the concentra-
tion of nitrite, as a reliable indicator of nitric oxide pro-
duction and release by the ‘Griess reaction.’23 Five
hundred microlitres of each sample was mixed with
250 lL of Griess A (1% sulfanilamide in 5% phosphoric
acid) and Griess B (0.1% naphthylethylenediamine dihy-
drochloride in water) and then the absorbance was
photometrically determined at 543 nm. The nitrite con-
centration in each culture medium was extrapolated
from the standard curve.

7.2.5. Reagents. DMSO, dimethylsulfoxide (J.T. Baker);
MTT (Sigma); LPS (lipopolysaccharide from E. coli
serotype 0127; F8, Sigma); Ficoll–Paque (Pharmacia);
sulfanilamide and naphthylethylenediamine dihydro-
chloride (Sigma).

7.2.6. Statistical analysis. For each assay three different
experiments were performed in triplicate. Results were
statistically evaluated by Student’s t-test. The IC50,
95% confidence limits, and the potency ratio between
DMXAA and each XAA analogue (IC50DMXAA/IC50

derivative) were estimated using the Litchfield and Wil-
coxon method.24

Supplementary data

Supplementary data associated with this article can be
found, in the online version, at doi:10.1016/
j.bmc.2006.02.003.
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