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Abstract: Spiroepoxycyclohexadienone dimers C obtained by Adler oxidation of salicyl alcohols display
cytotoxicity against L1210, HT29 and A549. The alkylating properties of 1 are shown by ready addition of
benzylamine to generate a new azabicyclo{2,2,2]octane ring system, and of N-methylbenzylamine to give
mono- (together with partial aromatization) and bis-alkylated products.

The oxidation of salicyl alcohols A by sodium periodate has been first reported by Adler in 1971.1
The initially formed spiroepoxycyclohexadienones B rapidly dimerize, except, for example, in the presence
of bulky substituents (such as tertiobutyl) at C-2 or C-42 or of a methoxy group at C-3,3 by way of a regio
and stereospecific Diels-Alder cycloaddition to give dimers C. The presence in both B and C of different
electrophilic centers (epoxide, enone) suggests that these compounds may well behave as alkylating agents
toward biomolecules (thiols, amines), and thus may display cytotoxicity or mutagenicity. Although the
reactivity of spiroepoxycyclohexadienones B bearing bulky substituents (vide supra) toward several
nucleophiles has been reported already by Reiss,4 no study has been made on the dimers C. Reiss has shown
that the sensitive compounds B react with nitrogen nucleophiles to give mainly D resulting from initial
nucleophilic attack on the less substituted carbon atom of the epoxide with cleavage of a C-C bond and
rearomatization.
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As part of a general study on the chemistry and biological properties of compounds such as B and C,
we report here the high cytotoxicity of some dimers C and the behavior of the simplest one 1 toward model
primary and secondary amines.

Dimer 1 is obtained in 88% isolated yield by treatment of 2-hydroxybenzyl alcohol with 1.1 eq. of
NalO, in 4-1 water-EtOH. Similarly oxidation of 2-hydroxy-3-methoxybenzyl alcohol affords 2 (52%). In
order to prepare mixed dimers resulting from cycloaddition between two different dienones B, the co-
oxidation of the two former salicyl alcohols (1/1 ratio) has been carried out. In this case, dimers 1 and 2 are
isolated in 32 % yield together with 3 (15%).6 The alternative mixed dimer 4 is not isolated, but the possible
Cope rearrangement which will interconvert 3 and 4 should be taken in consideration.”
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The NaBH, reduction of 1 has also been carried out in order to test the possible activity of the
corresponding diol(s). The major dicl § (38%) results from initial 1,4-addition of hydride to the enone
moiety followed by stereoselective reduction of both ketones (6 is also isolated in 29% yield). In both cases,
hydride approach syn to the oxygen epoxide is prevented for steric reasons: at C-7 because 1 is an endo
adduct and at C-2 because of |,3-diaxial interaction with H-10.8

1 R=R'=H 5
2R=R'=0CH, 6 (A8,9)
3R=H, R'=0CH,
4R=0CH,, R'=H
All compounds synthesized were tested for their Table I: IC55 (#M) in the MTT-assay.
cytotoxicity on three different cell lines (L1210
leukemia, HT29 colon cancer and AS549 lung

L1210 HT29 AS49

adenocarcinoma) using a proliferation assay (MTT DOX 0.04 0.12 0.10
reduction).? 1 0.18 0.3 0.75
Results are reported in Table 1 together with those of 2 1.0 3.6 1.2
the known anticancer agent doxorubicin (DOX) in the 3 >36 5.8 17.5
same test. Dimer 1 exhibits a potent cytotoxicity on all 5 19.5 6 18
three cell lines, the dimethoxy derivative 2 displaying a 6 22.5 17 315
8 >28 27 >28

much lower activity except on A549. Surprisingly the
monomethoxy derivative 3 is almost inactive on L1210
and A549. Diols S and 6 are also inactive.

As supgested earlier, the potential alkylating properties of dimers C may explain their cytotoxicity.
Thus the reactivity of 1 with simple amines such as benzylamine and N-methylbenzylamine has been studied
under mild conditions (CHClp, 20°C).

Treating 1 with benzylamine affords two compounds, 7 (49%)% and 8 (9%), arising from a double
addition of the nucleophile on the 3 carbon of the enone moiety (C-9) and at C-14, the less hindered carbon
of one of the epoxide functions, to generate a new azabicyclo[2,2,2]octane ring system.
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Their structures are consistent with !H and 13C NMR spectra and particularly, for 7, by the
observation of H-14 at § 2.56 and 3.03 ppm (2H, 2d, J= 10.5 Hz), of C-6 at 6 75.9 ppm (instead of & 57.6
ppm in 1) and of C-9 at § 54.8 ppm. Although the C-6 tertiary alcohol could be acetylated without incident
(AcyO, Pyridine, cat. DMAP), exposure of 7 and 8 to (CF3C0),0 in pyridine results in ring cleavage to
give respectively 9 and 10 thus confirming the structure assignments.

The reaction of 1 with N-methylbenzylamine appears to be more complex leading, for example in
one experiment, to 11 (52%), 12(17.5%) and 13 (16.5%).6 However, the outcome of this reaction is highly
variable, since the isomeric 149 is sometimes the only monoalkylated product isolated or a mixture of 13
and 14 may be obtained (the amount of the aromatized compound 12 is also variable). The site of alkylation
is easily determined by 13C NMR: for compounds 11 and 14 C-2 appears at & 210 (5 203 ppm for 1), C-3
appears at & 70-73 ppm for 11, 12 and 14 and 58.4 ppm for 13 (6 57.5 or 57.7 ppm for 1), C-6 appears at &
78 ppm for 11 and 69.9 ppm for 13 (6 57.5 or 57.7 ppm for 1). Structure of 12 is consistent with the
formation upon acetylation (Ac,0, pyridine, cat. DMAP) of a mixture of di- and triacetates which both
have a characteristic Ar-CH,-OAc signal at 6 5.17 ppm.
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The results obtained with these two model amines show that no Michael-type addition is detected
with the secondary amine (the reversibility of the addition may explain this behavior) but both epoxides are
cleaved by this nucleophile while surprisingly only one reacts with benzylamine. The interesting bis-
alkylated derivative 7 obtained from the latter has been tested in the MTT-assay and shows as expected
inactivity on all three cell lines. Thus the high potency of 1 and the reduced activity of the methoxy
derivatives 2 and 3 (the inactivity of 3, compared to 2, against L1210 is surprising in vue of the similarity
between these two compounds) suggest that a bis-alkylation may be the cytotoxic event and thus the search
of active analogs may be guided by this principle.

In conclusion, the spiroepoxycyclohexadienone dimers C are interesting cytotoxic compounds, their
ease of synthesis (including monochiral compounds!®) and structural manipulation suggest further studies to
determine their potential use as antitumor agents.
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