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Introduction

Salicylaldehyde benzoyl hydrazone (SBH) is a
Schiff base that can function as a tridentate chelat-
ing agent [1-3]. Some thirty years ago, it was
shown that this compound has modest bacteriostatic
properties when tested in vitro against microorga-
nisms such as Mycobacterium tuberculosis, Myco-
bacterium smegmatis, Candida albicans and Asper-
gillus niger, although these effects were not suffi-
ciently marked to encourage further study at that
time [4, 5]. Recently, however, interest in the bio-
logical properties of SBH has been renewed with the
recogmtion that aroylhydrazones of this type are
able to induce iron excretion in mammals and thus
are potentially of use in the treatment of iron over-
load on man [6, 7]. SBH itself can mobilize iron
from iron-loaded reticulocytes in vitro [8] and
produces high levels of iron excretion when adminis-
tered to rats [9]. Preliminary studies have also shown
that SBH is an unusually potent inhibitor of DNA
synthesis in a variety of cultured human and rodent
cells and that the complex [CuCl(SBH)]-H,O
produces significant inhibition of tumor growth when
given to mice bearing a transplanted fibrosarcoma
[10-12].

The common mechanism underlying these
various biological effects of SBH appears to be
an ability to penetrate cell membranes and disrupt
the intracellular metabolism of essential metal
ions. The exact nature of such disruptions, and the
extent to which they may be exploited for
therapeutic purposes, require much additional study,
including detailed elucidation of the chemical
properties of complexes formed between SBH and
physiologically-important transition metals. This
paper reports single crystal X-ray diffraction studies
of two such complexes, [FeCl,(SBHYCH;0H)] and
[CuCl(SBH)]-H,0.

0020-1693/82/0000-0000/$02.75

L25
TABLE 1. Selected Bond Distances, in A.
[FeCl, (SBH)Y(CH3; OH)] [CuCl(SBH)]-H, 0
(compound A4) (compound B)
M-01 2.068(2) 1.975(9)
M-02 1.874(2) 1.888(8)
M-03 2.171(3) -
M-N2 2.119(2) 1.936(7)
M-Cll 2.303(1) 2.208(4)
M-C12 2.345(1) -

pound A).

Fig. 2. ORTEP drawing of [CuCl(SBH)]:-H,0 (compound
B), generated with isotropic temperature factors. The water
molecule, which is not coordinated to the Cu(ll) atom, has
been omitted for clarity.

Experimental

Crystals of [FeCl;(CM H11N202XCH30}D] (here-
after A) were obtained by mixing equimolar quanti-
ties of SBH and FeCl;-6H,0 in methanol. The
resulting solution was filtered and, on standing for
4 days at room temperature then for 3 days at 5 C,
yielded dark green crystals of the product. MW
398.0, space group PI, Z = 2, a = 6.665(2), b
13.818(6), ¢ = 10.122(4) A,a = 108.40(2)°, 8
73.23(2)°, v = 103.32(2)°, V = 837 A, For 3740
reflections with |F,| or F, = 30(F,), R = 0.043,
R, = 0.036. Green-gray crystals of [CuCl(CyqHys-
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N,0,)]+H, 0 (hereafter B) were prepared as prev-
iously described [1], by mixing refluxing ethanolic
solutions containing equimolar amounts of SBH
and CuCl,*2H,0 and allowing the resulting solution
to stand overnight at room temperature. MW = 356.3,
space group P2,/a, Z = 4, ¢ = 16.201(21), b =
7.107(10), ¢ = 12.540(18) &, f=89.9(1)°, ¥V = 1444
A. For 1330 reflections with |F,| or F, = 30(F,),
R = 0.094, R, = 0.061. Intensity data out to 26
values of 57.5° for A and 45° for B were obtained
by 6/26 scans on a FACS-1 Picker automatic diffrac-
tometer with Nb-filtered Mo Ka radiation. Full
details of the structural analyses will be published
elsewhere.

Discussion

In both crystals, SBH functions as a planar, triden-
tate, uninegative ligand, the coordination polyhedron
in the equatorial plane comprising O1, 02, N2 and
a chloride ion (Figs. 1 and 2). A 1s 6-coordinate, the
axial positions being occupied by a chloride ion
(C12) and the oxygen atom of a methanol molecule
(03) (Table I). Although Iskander et al. proposed a
5-coordinate structure for B on the basis of infrared
evidence [1], the oxygen atom of the water mole-
cule present in crystals of B is more than 3.5 A dis-
tant from the copper atom and the coordination
polyhedron is unequivocally 4-coordinate and square
planar. Intermolecular hydrogen bonds are formed in
A between the O3 and Cl 1 atoms of one molecule
and the Cl 1 and O3 atoms of an adjacent molecule
and, in B, between the water molecule and both N1
of one adjacent molecule and 02 of a second adja-
cent molecule,

Comparison of the structures of 4 and B with
those of the closely-analogous complexes [FeCl,-
(PIH)]C1 [13], [FeCl,(PIH)(H,0)]Cl‘H,0 [13]
and [CuCl(PSH)]-H,O [14] (PIH = pyridoxal iso-
nicotinoyl hydrazone, PSH = pyridoxal salicyloyl
hydrazone) reveals the influence of the heterocyclic
nitrogen atoms, which are present in the latter ligands
but absent in SBH. These nitrogen atoms accept pro-
tons released from O2 and N1 such that the ligands
in all three of the above complexes are bound in
the form of zwittenions containing the conjugated
linkage C8=N2—-N1=C7--01". SBH lacks any such
mechanism for redistributing protons and, in both
A and B, only the phenolic proton is lost on com-
plexation and the hydrazidic linkage is more nearly
described as C8—N2—-N1H—-C7=0.

Some tentative inferences can be drawn concern-
ing the importance of various structural features
in determining the biological properties of ligands
such as SBH and PIH. The absence of protonated
(and therefore charged and hydrophilic) hetero-
cyclic nitrogen atoms in SBH and its complexes
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should enable these species to pass more readily
across cell membranes than do the PIH analogs. This
1s seen in practice, where there is an apparent correla-
tion between ligand lipophilicity and both cytotoxi-
city toward cultured cells [12] and ability to remove
iron from hepatocytes in vivo [9]. While the presence
or absence of hydrophilic sites in the molecule may
determine the extent of cellular uptake and efflux,
the planar, tridentate mode of metal ion binding com-
mon to SBH, PIH and related ligands may play a
central role in their behaviour once inside a cell.
Unlike chnically used chelators such as EDTA and
desferrioxamine, which form hexadentate complexes
with essential metal ions, tridentate binding of an
aroylhydrazone such as SBH leaves up to three
coordination sites available for binding to endo-
genous ligands. This ability to form covalent aroyl-
hydrazone-metal-substrate complexes may be res-
ponsible for the cytotoxicity of these chelators, if the
covalently-bound substrate is a nucleic acid or an
enzyme involved in DNA replication. Similarly, aroyl-
hydrazone-mediated transport of metals out of hepa-
tocytes may entail intracellular covalent binding of
an aroylhydrazone-metal moiety, of the type present
in A and B, to endogenous ligands such as cholic acid
which are excreted from the cell in the course of nor-
mal enterohepatic cycling. Thus, although ligands
such as SBH presumably have a lower thermo-
dynamic affinity for essential metals than do hexa-
dentate chelators, their hydrophobic character and
the coordinative unsaturation of their metal chelates
may prove advantageous for some biological applica-
tions.
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