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Abstract: Several monoterpenylquinones have been prepared and evaluated for their cytotoxic activity against
four cell lines cultures. The size of the quinone fragment is important for the activity, being the naphtalene
derivatives the most potent compounds tested. The presence of substituents on the quinone ring decreases the
potency but increases the selectivity. Copyright © 1996 Elsevier Science Ltd

Avarol (1) and its related quinone, avarone (2) are two merosesquiterpenoids isolated from the sponge
Dysidea avara 1. They have attracted much attention due to their bioactivity and, particularly, to their cytoxicity
against several types of tumoral cells2. A number of derivatives of these compounds have been prepared3 and
many other structurally related substances have been isolated from other natural sources?,
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Following the interest originated by 1 and 2, most of their analogs have been tested to evaluate their
cytotoxic/antineoplastic activity. Their published ICs( values ranged around the uM or higher levels for cultures
of P-388 murine leukemia cells and several types of human tumoral cellsS. It is well know that quinone
compounds are cytotoxics but at the sight of the ICsg for benzoquinone and naphtoquinone, which have been
included in our assays for comparison, the cytotoxic activity of these products seems depend not only on the

quinone chromophore but on the structure of the terpenyl moiety. As far as the authors know, SAR studies to

1859



1860 M. GORDALIZA et al.

analyze the importance of sizes and types of the terpene and quinone fragments of the molecule, on the activity of
this type of antineoplastics, have not yet been published. At this respect we have planned and partially performed
the preparation of representative monoterpeny! and diterpenyl naphtho and anthraquinones, in order to evaluate
their cytotoxicities, to compare their activity levels with those of the natural or synthetic sesquiterpenoid
derivatives cited above and to establish the influence of changing the structure of the two main fragments of the
molecule on the antineoplastic activity.

Chemistry6

In the first instance, starting from commercially available compounds and through simple chemical routes,
we have prepared a number of monoterpenyl derivatives of naphtho and anthraquinone displaying different
functionalization patterns on the terpene fragment.

Diels-Alder condensation between a-myrcene and p-benzoquinone or 2-methyl-p-benzoquinone, in the
presence of BF3-Et70, yielded reaction mixtures from which, after chromatography, the expected hydroquinone
derivatives 3 (67 %) and 4 (43 %), along with the autoxidation quinones 5 (10 %) and 6 (9 %) were isolated”. 3
and 4 were stabilized respectively as their diacetates 3a and 4a (Scheme 1).

Aromatization of 3a, 4a and 6 with DDQ in benzene8 yielded the naphthalene diacetates 7 (83 %) and 8
(72 %) and the quinone 10 (74 %), whereas the aromatization of quinone 5 to 9 (81 %) was achieved by using
Ago0 in ether as the oxidizing-dehydrogenating agent®>!0 (Scheme 1).
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Scheme 1. Preparation of prenylnaphthoquinones from a-myrcene
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The reaction between a-myrcene and naphthoquinone, worked up similarly and after chromatography,
yielded the direct product of cyclocondensation, the diketone 11 (35 %), instead of the expected hydroquinone
tautomer, along with the autoxidation quinone 12 (17 %)!! (Scheme 2).
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Scheme 2. The reaction of o-myrcene and naphthoquinone

Both the double bond in the prenyl chain and the one resulting from the Diels-Alder condensation could be
easily functionalized. This will help to stablish the influence of different substituents on the activity of this type of
compounds. This part of the work is currently in progress.

Bioactivity

Most of the compounds prepared, were evaluated for determining their antineoplastic activities against
cultured cells of P-388 murine leukemia, A-549 human lung carcinoma, HT-29 human colon carcinoma and Mel-
28 malign human melanoma.12 The results obtained are shown in Table 1. Avarol (1), avarone (2) and the simple
quinones 1,4-benzoquinone and 1,4-naphtoquinone were also included in the tests for comparison.

From these results the following observations and deduction can be made:

- The simple quinones are much less cytotoxic that the considered terpenylquinones. This points out the
importance of the terpenyl moiety on the cytotoxicity of these compounds.

- The prenylnaphthoquinone 9, the most potent compound of the new series, is 8 to 6 times more potent
than avarone in the neoplastic systems assayed.

- The size of the quinone (hydroquinone) fragment seems tc be important for the activity. Naphthalene
derivatives being equally or more potent than benzene derivatives and both clearly more potent than those
evaluated anthracenes. Exceptions are the hydroquinone 4, its diacetate 4a and the methylquinones 6 and 10
which are less potent than avarol in the HT-29 and MEL-28 assays.

Within the series of naphthalene derivatives it can be observed:

- The substitution of the ring supporting the quinone (hydroquinone) by methyl group at positions 2 or 3,
decreases the antineoplastic potency in all the cases and cell systems (3, 3a, 5 and 9 versus 4, 4a, 6 and 10
respectively).

- Acetylation, initially performed to avoid autoxidation of hydroquinones before evaluation, seems to
improve their cytotoxicity slightly.

- Quinone derivatives are, in general, more potent than the corresponding hydroquinones (5 vs 3).

-The 5,8-dihydrogenated quinone 3 is less potent than the corresponding aromatic analog 9, which is also
the most potent member of the series.
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If comparison of results takes into account the different cell systems in relation with every compound
tested, it can be observed that the most potent derivatives are less selective, the leukemia cells being always most
sensible than the other cells by a factor of two or more. On the other hand, the presence of one methyl group on
the quinone (hydroquinone) ring, while decreasing the potency, increases the selectivity by a factor of around five

times.
Table 1. Cytotoxicity of several terpenyl quinones (hydroquinones) against
neoplastic cultured cells (ICs¢ values, pM)
Compound P-388 A-549 HT-29 MEL-28
Benzene derivatives
1,4-benzoquinone 11.1 46.2 46.2 46.2
1 3.1 6.0 6.0 6.0
2 3.1 6.0 6.0 6.0
Naphthalene derivatives
1,4-naphtoquinone >63.2 >63.2 >63.2 >63.2
3 2.1 4.9 4.9 4.9
3a 1.5 3.6 3.6 3.6
4 3.8 3.8 19.4 19.4
4a 2.9 29 14.6 14.6
1.0 2.1 2.1 2.1
3.9 39 19.5 9.8
8 2.9 1.5 7.3 3.5
0.4 1.0 1.0 0.4
10 3.9 39 19.6 9.8
Anthracene derivatives
11 8.5 8.5 >34 >34
12 17 17 >34 >34

In an attempt of determining the possible mechanism of cytotoxicity for these compounds, assays of
enzyme inhibition (DFHR, TS, TOPO-I and TOPO-II, DNA and RNA polymerases) were performed as well as
interference of biosynthesis of proteins, DNA and RNA. The results were not very significants. The most
relevant observations related the synthesis of biomolecules. RNA synthesis was inhibited by compounds 3, 5
and 8 at rates of IC50 = 4.1, 6.2 and 8.3 LM respectively and protein synthesis was similarly interfered at rates
IC50 = 8.2, 4.0 and 4.2 uM respectively.

Although the number of compounds prepared and tested is low, it can be concluded that the preferred size
of the quinone fragment of terpenylquinones for their antineoplastic activity is that of naphthoquinone.
Furthermore, that the inclusion of substituents on the quinonic part of the naphthalene ring can serve to induce a

certain degree of selectivity against different kinds of neoplasms.
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Clearly, more research in this field must be done to ascertain the mechanism of cytotoxicity as well as, the
effect of other structural changes on the activity and selectivity of this type of compounds. Particularly, the effect
of functionalization of the side chain and of increasing the size of the prenyl chain are being the subject of our
current work in this field.
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10FCS medium containing the compound to be evaluated at the concentrations tested. In each case, a set of
control wells was incubated in the absence of sample and counted daily to ensure the exponential growth of
cells. After three days at 37°C, under a 10% CO7, 98% humid atmosphere, P-388 cells were observed
through an inverted microscopy and the degree of inhibition was determined by comparison with the
controls, whereas A-549, HT-29 and MEI-28 were stained with crystal violet before examination.
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