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Macrocyclic Ligand Control of the Thermodynamic Stabilities of Nickel
Complexes containing 14- to 17-Membered Macrocyclic Rings.
X-Ray Crystal Structure of the trans Nickel(11) Bromide
Complex of the 16-Membered Ring
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Summary The thermodynamic stabilities of 6-co-ordinate
nickel complexes of related 14- to 17-membered macro-
cyclic ligands containing O,N,-donor sets show a maxi-
mum at the l6-membered ring complex; an X-ray
structure of this complex confirms a frans 6-co-ordinate
structure with the nickel ion contained in the hole of the
ligand.

THE metal-ion selectivity of macrocyclic ligands of the
crown polyether or cryptate class towards non-transition
metal ions has been extensively investigated.! Along a
given series of ligands maximum stability is obtained when
optimum macrocyclic ring size is reached for the particular
metal ion involved. In contrast, similar macrocyclic ring
size discrimination involving transition metal ions has
been much less documented.??

High-spin nickel(11) complexes of the O,N,-donor macro-
cycles (1)—(4) have been characterized previously* and all
have been assigned pseudo-octahedral geometries; such a
trans structure was confirmed for the nickel chloride
complex of (2) by X-ray diffraction.® Thus, unlike Nj,-
donor macrocyclic ligand complexes of nickel which tend to
show spin-state and co-ordination number changes with
variation of ring size,? the present complexes are ideal for
comparative study of ring-size effects on the respective
thermodynamic stabilities.

Protonation constants, 8, = [LH*]/[L][H*] and S, =
[LH,*]/[L][H*]?, for ligands (1)—(4) in 959, methanol and
ionic strength 0-1 M (tetramethylammonium chloride) were
determined at 25°C by the pH titration method. The
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following values were obtained: (1), log 8, 9-19, log S,
14-59; (2), log B, 9-81, log f3, 16:63; (3), log f3, 10:07, log B,
17-16; (4), log 3, 9-56, log 3, 17-54.  Stability constants for
each of the nickel chloride complexes of (1)-—(4) were also
determined potentiometrically using the above values.
Under the conditions of the study, no evidence for other
than 1:1 ligand to metal complexation was detected. The
stabilities follow the macrocyclic ring size sequence 14<15
<16>17 (Figure 1). This peak in stability at the 16-
membered ring provides a clear example of macrocyclic ring
size control of thermodynamic stability for a series of
related nickel complexes. A search of the Cambridge
Crystallographic Data Centre files, accessed via the CSSR
program,® for nickel-ether oxygen bond distances indicated
a mean (8 distances) of 2-15 A. Since a nickel-nitrogen
distance of ca. 2:10 A is typical of sp3-hybridized nitrogens
in macrocyclic high-spin nickel complexes,® then an optimum
hole size of ca. 4-25 A appears reasonable for the present
series. This is slightly greater than that of 4-18 A (hole
size defined as twice the mean distance of the donor atoms
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Ficure 1. Plot of log K values vs. macrocyclic ring size for the

nickel complexes.

from their centroid) found previously® for the nickel
chloride complex of the 15-membered ring (2). X-Ray ana-
lysis of the nickel(1r) bromide complex of the 16-membered
ring (3) showed it to have a trans-octahedral structure (Fig-
ure 2).t Significantly, in this complex a macrocyclic hole
size (see above) of 4-27 A is obtained ; this value corresponds
closely to that predicted above for the hole size of optimum
fit. Thus the X-ray data support the inference from the
stability constant studies that, for the present series of
macrocycles, the 16-membered ring provides the best fit for
nickel(1r) although the optimum hole size may well lie
between those of the 15- and the 16-membered rings.
Crystal data: CyH, Br,N,NiO,, green needles from n-
butanol, M = 540-97, monoclinic, space group C¢, a =

813

16-835(5), b = 15-337(4), ¢ = 8:181(2) A, B = 95-30(2)°,
Z =4, I/o(I)>30, f-range 3—30°, R = 0-046 for 1826
absorption corrected data obtained on a Philips PW1100
diffractometer with Mo-K radiation.

There is an almost planar ‘N,O,” donor set presented by
the macrocycle (maximum deviation of N and O atoms from
the N,O, plane is 0-02 A). Important bond lengths and
angles are shown with Figure 2.

Ficure 2. The structure of the nickel(i1) bromide complex of
(3). Bond lengths to the Ni atom (A) are Br(l) 2-511(2), Br(2)
2-566(2), O(1la) 2:258(7), O(1b) 2-198(8), N(1a) 2-058(9), and N(1b)
2-941(9). Bond angles at the Ni atom (°) are, Br—Ni-Br 178-4;
O-Ni-O 85-2; N-Ni-N 96-8; N-Ni-O 173-0, 174-1; N-Ni-O 87-8,
90-1; O(1a)-Ni-Br(l) 91:6; O(1a)-Ni-Br(2) 88:0; O(1b)-Ni-Br(1)
89-1; O(1b)-Ni-Br(2) 89-4; N(1la-Ni-Br(l) 92:0; N(1a)-Ni-Br(2)
89-5: N(1b)-Ni-Br(1) 91-8; and N(1b)-Ni-Br(2) 88-5.
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