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Abstract

Electron spin resonance was successfully used to
characterize the Cu(Il) chelating properties of
4-demethoxy-6(11)-deoxy-6(11)-amino  daunorubi-
cins.

The C¢—NH,; group of 6-amino daunorubicin
coordinates Cu(Il) yielding a mononuclear complex,
while 1l-amino daunorubicin forms a polymeric
(Cul),, derivative, with both C;;—NH, and C4—OH
coordinated to the metal.

The tendency of both the amino substituted
anthracyclines to undergo molecular stacking in the
presence of Cu(Il) is discussed.

Introduction

Copper(II) and iron(IIT) chelates of anthracyclines
have been studied for a long time to ascertain
whether:

— the anthracycline action mechanism does involve
transition metal centers [1]

— the metal chelation could modify the therapeutic
effects of the drug [2]

We have recently found that the cardiotoxicity on
isolated rat atria induced by the doxorubicin (DXR)/
Cu(Il) derivative, (CuDXR),,, is significantly lower
than that of the free drug, while antitumor effects
are comparable [3]. From our study it appears that
the polymeric structure of the complex is responsible
for the decrease of the drug cardiotoxicity. Therefore
the ability of anthracyclines to form multimolecular
aggregates- (dimers, oligomers, etc) of large dimen-
sions, either in the presence or in the absence of
metal coordination centers and/or because of the
chemical modifications of the parent (DXR) molecu-
lar structure warrants investigation.
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The copper(Il) chelates so far studied have
revealed two types of anthracycline intermolecular
interaction:

The first type, stable in those bisbidentate drug
molecules (DXR and DXR-like anthracyclines) where
Cu(II) acts as bridging center, gives polymeric Cu(II)
complexes [4]. These adducts are characterized by
a strong magnetic exchange coupling between the
Cu(II) centers.

The other, where the anthracycline ligand is
stacked up, forms at high drug/metal molar ratio (r)
and does not involve magnetic interaction between
the Cu(II) centers [5].

We will refer to the products of the first inter-
action as (CuL),, type complexes and to those of the
second one as [Cu(L),],. For the Cu(II) complex of
the 5-imino daunorubicin we have recently described
the occurrence of a dimeric L—-Cu—L—Cu—L form,
whose triplet electronic state of Cu(II) was recog-
nized [6].

The present paper reports the spectromagnetic
characterization of the Cu(Il) complexes of
4-demethoxy-11-deoxy-11-amino daunorubicin and
4-demethoxy-6-deoxy-6-amino daunorubicin (Scheme
1). As the ab initio molecular orbital calculations of
these two anthracyclines have been recently carried
out [7], we will attempt a correlation between the
results of the two investigations.
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Scheme 1.
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Experimental

The synthesis of the anthracyclines was carried out
as described in ref. 8. Cu(II) complexes were obtained
by mixing a CuCl, (1073 M) aqueous solution with an
anthracycline aqueous solution of identical concen-
tration. The solutions: were mixed in the appropriate
amount to obtain the desired anthracycline/Cu molar
ratio (r).

ESR spectra were recorded at —150 °C on a Varian
E-109 spectrometer, equipped with an automatic
temperature control; a small amount of ethylene
glycol (1%) was added before recording the spectra
in order to obtain good quality glasses.

Results and Discussion

4-Demethoxy-11-deoxy-11-amino daunorubicin/
Cu(ll), r=1

The substitution of the [Cu(H,0)¢]** spectrum
with that of an anthracycline Cu(II) derivative takes
place starting at pH 6.5. The broadening of the
resonances (Fig. 1(2)) is indicative of a strong
exchange spin coupling between the Cu(Il) centers,
and the intermolecular interaction in this complex
can be thought as originating within the polymeric
structure (Cul),. The magnetic parameter values,
though difficult to determine exactly, are in the range
(g1 =22, 8,22, A) =180 G) characteristic of the
Cu/anthracycline derivatives [4]. The drug belongs to
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Fig. 1. ESR spectra, recorded in aqueous frozen solution, at
—150 °C of: (a) 4-demethoxy-11-deoxy-11-amino dauno-
rubicin/Cu(Il), (b) 4-demethoxy-6-deoxy-6-amino dauno-
rubicin/Cu(Il).

the anthracycline class otherwise referred to as
doxo-like anthracyclines [4].

4-Demethoxy-6-deoxy-6-amino daunorubicin/Cu(1l),
r=1

For pH > 6.5 the spectrum corresponds to that of
a tetragonal Cu(Il) complex whose magnetic param-
eters are characteristic of a CuL, species (L=
anthracycline) [4]. The magnetic exchange between
the Cu?* centers (Fig. 1(b)) is very poor. The parallel
component of the g tensor (g, = 2.21) is well resolved
(4, =180 G) and corresponds to that peculiar of the
Cu(Il) monomeric complexes of the anthracycline
class otherwise referred to as epi-doxo like [4].

The coordination of the amino anthracyclines here
reported with Cu(II) reveals that the 6-amino deriva-
tive has a greater tendency to stabilize monomeric
coordination compounds. We would in general expect
that the NH, group behaves as a more efficient
chelating site than the phenolic OH group. This over-
simplified anticipation does, however, ignore the
electronic interactions NH, may be involved in.

Our results show that the strength of the nitrogen
binding site is dependent on which OH (i.e. C,—OH
or C,;—OH) is substituted.

If it is the more acidic C,;—OH, the strength
becomes comparable to that of C¢—OH (pK, higher
by 1.5 units than the corresponding C,;—OH) and a
polymeric metal derivative of (Cul), type is ob-
tained; when C¢—OH is substituted with NH, the
strength is much higher and the coordination site is
most likely C¢—NH,. We must also note that
C¢—NH, and C,;,—NH, have different hybridization
[7]: the sp® hybridization of C;;—NH, decreases its
basic and coordination properties to equal that of the
hydroxo group at Cg; it is not unreasonable to suggest
that, because of the sp® hybridization of C4—NH,,
the coordination site is most likely the C4—NH,
group.

The [(CuL,)], structure was never observed in
either of the amino anthracycline derivatives, not
even at high r values. The only intermolecular inter-
action noticed (in the 1l-amino derivative) is that
which couples the spin of several Cu(ll) centers
through a bridging anthracycline; thus in general the
amino anthracyclines, as well as the 5-imino dauno-
mycin [6], show low or no tendency to stacking in
the presence of Cu(Il).

This conclusion could be of some interest in the
development of relationships between the anthra-
cycline structure and their biological activiy. In fact
if we consider that the ability to form [Cu(L,)],
derivatives follows the order doxorubicin, dauno-
rubicin > 5-imino daunorubicin > 4-demethoxy-
6(11)-deoxy-6(11)-amino daunorubicins, and that
the cardiotoxic side effects generally observed after
drug administration were found stronger in both



doxo and daunorubicin than in the 5-imino dauno-
rubicin [9], we would expect a further decrease of
cardiotoxocity in the aminoderivatives of dauno-
rubicin [10].
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