























































































































































































































































































































































































































































































































































































































































































































209 Section 6.2.1

The energy contributions and total potential energies for the modelled complexes in their energy-
minimised "met", "oxy”, and "deoxy" states are shown in Table 6.2. The "met" form represents
the dinuclear copper {ll} form, minimised without oxygen present; the "oxy" state represents the
oxygenated form which has a dioxygen bridge; and the "deoxy” form represents the compiex when
oxygen is removed from the minimised "oxy" form, The energies (E,) of the met forms were
determined from the minimised met structures, and these represent the least strained
conformations of the complexes in the absence of oxygen. The relative energies required for
oxygen binding were determined by the following procedure: The energies (E,) were recorded after
minimisation with the dioxygen bridge in place, the model structure was then modified by removing
the oxygen atoms, and one iteration of the energy minimisation was carried out, to give the
energies (E,). The differences (E, - E,) give an indication of the energy of binding oxygen, and the
differences (E, - E,) give an estimate of the strain imposed on the conformation when the ligand
is bent to enable bridging by oxygen. From the energies (E, - E_), it is clear that the sterically
crowded amine models IV - VI and X - Xll have greater conformational strain imposed by the
bridging oxygen than occurs in the imine-linked models. Comparison of the (E, - E.) energies of the
xylene-linked modeis with those of the biphenyl-linked models shows that in general, more strain

occurs in the more rigid xylene-linked analogs.

Table 6.2: Conformational energy measurements for complexes | - XII

Complex Total conformational energy®

Met, E_ Oxy, E, Deoxy, E, E,-E, E.,-E,

| 11.3 21.9 18.8 10.6 7.5
I 36.6 47.2 44.0 10.6 7.4
t 112 170 140 58 28
v 30.4 155 110 124.6 79.6
Vv 120 220 190 100 70
Vi 163 322 312 159 149
vii 13.1 26.6 33.3 13.5 20.2
Vil 27.8 40.3 35.8 12.5 8.0
IX 147 300 180 153 33
X 29.1 110 82.2 80.9 53.1
Xi 58.9 180 130 61.1 71.1
Xl 62 247 235 185 163

* Units of energy measurements are kcal.mol"'




210 Section 6.2.2

6.2.2 Modelling using HyperChem?®

The molecules shown in Scheme 6.3 were modelled and their conformational energies minimised
using the programme HyperChem, to show that the simultaneous binding of oxygen and a bulky
substrate was feasible. Obviously, the actual energy values obtained in the minimsation calculations
are not directly comparable, since the models have non-equivalent structures, but the large
differences observed do indicate increasing strain in the series {Table 6.3). It is also apparent from
visual assessment that the structures are increasingly crowded (Figure 6.5). The copper-copper
separations were measured (Table 6.3) and found to be similar to those determined previously
(Section 6.2.1).

(T m b llc
" (ecny,

B

B = benzimidazole

L= Al

nf

Scheme 6.3: Derivatives of complex lll, including binding of dioxygen and DTBP, modelled using

HyperChem®




The model llif, in which two molecules of the sterically bulky substrate DTBP are coordinated, one
to each copper, is particularly crowded, but is nevertheless feasible (Figure 6.5). This justifies, to

some extent, the suggestion made in Section 9.3.3 that the coupling of DTBP could involve two

21

DTBP radicals in association with the complex.

The flexibility of the biphenyl spacer and its non-planarity are shown in the models, and it seems
reasonable to assume that these characteristics would be found in the actual molecules. The xylene
spacer imposes more rigidity on the complexes, as reflected in the greater energy differences (E, -

E,) involved in binding oxygen. The removal of the phenyl rings from the proximity of the dioxygen-

Section 6.2.2

copper plane is also apparent (e.g., in complex Wc, Figure 6.5).

Table 6.3: Data obtained from modelling derivatives of complex Ill using HyperChem®

Derivative Copper-copper Total conformational
separation (A) energy
i 8.589 24.70
iib 4.105 42.78
iHe 3.062 198.12
iiid 3.236 180.05
e 3.322 207.50
lif 3.287 850.75
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