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substituted Macrocyclic and Open-chain Tetra-amines
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Thermodynamic stabilities have been determined for zinc(u) and cadmium(u) complexes of a series of macrocyclic
and open-chain tetra-amines; for the 14- to 16-membered macrocyclic systems a dislocation in the stability pattern
occurs for zinc(u) at the 16-membered ring complex while, for cadmium(u), the dislocation occurs at the
15-membered ring species resulting in an enhanced stability difference [Zn'">Cd"] for the complexes of this latter

ring.

Selective complex formation by macrocyclic ligands is of
considerable current interest.!—3 As part of a wider pro-
gramme in this area, we have previously investigated a
little-studied discrimination mechanism termed ‘dislocation
discrimination’.4 Such discrimination involves the occurrence
of a dislocation in the complexation behaviour of a particular
metal ion along a series of closely related ligands.

In a previous study,? we have investigated the complexation
of Zn!l and Cdif by 17- to 19-membered O,N;-donor
macrocycles. Along these respective complex series, a disloca-
tion in the expected log;4K values occurs for the Cd!! complex
of the 19-membered ring whereas no similar dislocation is
apparent along the Zn!! series. This different complexation
behaviour for Zn!! and Cd" has been demonstrated to provide
a basis for discriminating between these ions. Further, with
these ligands, the ‘natural’ stability order of ZnlI>Cd!! found
for simple polyamine ligands3 is reversed for the complexes of
the 17- and 18-membered rings but reverts to the normal order
for the complexes of the 19-membered ring.

+ Present address: Research Department, Imperial Chemical Indus-
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We now report a new example of dislocation discrimination
involving Zn! and Cd!! complexes of the smaller (N4-donor)
macrocycles (1)—(3)f which contain 14- to 16-membered
rings; the macrocycles (1)—(3) were obtained by reduction of
their corresponding di-imine precursors.5 Stability patterns
for the Zn!t and Cd!! complexes were determined potentio-
metrically (pH titration in 95% methanol) and are given in
Figure 1. For Zn1i, the 14- and 15-membered rings yield log;oK
values which are quite similar whereas there is a sudden drop
in stability for the complex of the 16-membered ring. The
behaviour for Cd! is quite different: in this case a dislocation
in stability occurs between the 14- and 15-membered rings
with the value for the 15-membered ring complex being lower
than expected. The stability then increases for the 16-

(1) 5,6,7,8,9,10,15,16,17,18-decahydrodibenzofe,m][1,4,8,11}-
tetra-azacyclotetradecine; (2): 6,7,8,9,10,11,16,17,18,19-decahydro-
SH-dibenzole,n][1,4,8,12]tetra-azacyclopentadecine; (3):
5,6,7.8,9,10,11,12,17,18,19,20-dodecahydrodibenzole,o][ 1 4,6,13]-
tetra-azacyclohexadecine; (4): 5,11-diethyl-6,7,8,9,10,11,16,17,18,19-
decahydro-5H-dibenzo|e,n]{1,4,8,12]tetra-azacyclopentadecine; (5):
N,N’-bis-(0-aminobenzyl)ethylenediamine; (6): N,N'-bis-[o-(amino-
methyl)phenyljethylenediamine.
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Figure 1. Log,(K values for formation of the 1:1 complexes of Zn!!
and Cd! with (1)—(6). The stabilities were obtained potentiometric-
ally in 95% methanol ({ = 0.1 M, Et,;NCIO,) at 25 °C. All values are
the mean of between 2 and 5 individual determinations at varying
metal : ligand ratios. In all cases individual log,oK values fell within 0.1
of the mean (and usually within 0.05). A, Zn'; O, Cd™.
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membered ring species. Thus, relative to the 14-membered
and 16-membered ring systems, the 15-membered ring shows
enhanced recognition for Zn™ over Cdil.

In order to probe the generality of this enhanced recog-
nition for Zn!!, the stabilities of the Zn! and Cd!! complexes
of the corresponding 15-membered diethylated (meso) deriva-
tive (4)6% were determined. Although both log;(K values are
lower than those for the unsubstituted 15-membered macro-
cycle (2), the diethyl derivative still maintains the discrimi-
nation observed for the parent ring. The lower log;oK values
obtained with the disubstituted macrocycle presumably reflect
the effect of increased steric hindrance on complexation;
nevertheless, the stability difference for Zn!! and Cd¥ is
clearly not markedly dependent on the presence or absence of
diethyl substitutuents.

In parallel experiments, the interaction of the above ions
with the open-chain ligands (5)7% and (6)71 was investigated.
Both ligands can be considered to be analogues of the 15
membered macrocycle (2). For each open-chain system, the
log;oK values are unremarkable (see Figure 1) with the
respective Zn!l complexes being only slightly more stable than
the corresponding Cd!l species. Thus, the discrimination
observed for the 15-membered ring (2) clearly depends on its
cyclic nature; nevertheless, the behaviour does not constitute
ring-size discrimination of the most common type.l-2 The
latter solely involves the match or otherwise of the metal-ion
for the radius of the available macrocyclic hole.

In contrast to the stability pattern for the Zn!! complexes of
(1)—(3), the complexes of the larger Cd!l ion show decreased
stability as the ring size increases from 14 to 15 members (even
though the stability again rises as the hole size is further
increased in the 16-membered ring). The enhanced discrimi-
nation ability shown by the 15-membered ring thus appears to
be a consequence of the different dislocation patterns which
occur when these cyclic ligands interact with Zn!! and CdIl.
Overall, the study thus documents a new example of dislo-
cation discrimination: a discrimination mechanism of potential
importance to a number of other metal-containing chemical
and biochemical systems.
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