Determination of 222 cryptand-ion binding selectivities

Given the emergence of host-guest chemistry in the last half century, binding
behavior simulation has become of great interest. Ever-evolving technologies in
computational chemistry make available orbital level tools that resonate with
chemical intuition. In modeling the chemical reaction, which assumptions can be
summoned to ease computational burden, yet preserve the chemical essence of
the problem?

The aim of this work is to understand the conformations of 4,7,13,16,21,24-
hexaoxa-1,10-diaza-bicyclo[8.8.8]hexacosane (cryptand [2.2.2], abbreviated 222
in this work, figure 1) in the unbound and bound states in solution, in the
crystalline state, and in vacuo, with an in-depth focus on electronic structure.
Using the lowest energy conformers, the feasibility of modeling the
complexation reaction in solution (1.1) with ab initio methods in vacuo (1.2 and
1.3) will be investigated in the context of the well-studied macrobicyclic cryptate
effect.!

(1.m

I (HODZCH, the uncomplexed 222 as synthesized?), Il (KCRYPT10, the 1:1 222:KI
complex crystallized in chloroform and recrystallized in acetone3) and III
(NACRYP10, the 1:1 222:Nal complex crystallized in dichloromethane-petroleum
ether cosolvent?) were obtained from the Cambridge Structural Database (CSD,
corresponding refcodes in parentheses). IV, a 1:1 222:LiClO, complex, was
prepared as described in previous work by Chekhlov.> Single crystal analysis at
100 K discovered an improved structure® with less disorder (Bruker CCD-1000
diffractometer, University of Wisconsin).

An initial Monte Carlo/Merck Molecular Force Field (MMFF) conformer search of
222 and its cryptates was done using PC Spartan Pro. Lowest energy conformers
were subjected to optimization at B3LYP/6-31G* with Gaussian 03W as described
in previous work.”

Monomer representations of crystals I-IV were optimized at B3LYP/6-31G*,
resulting in I -1V, (table 1) Proton optimization preceded global
optimization. Frequency and NBO calculations were performed at the same level.
Metal solvent cluster calculations were performed at RHF/6-31+G* for n=0, 1,2, 3,
and 4, where n is the number of coordinated solvent molecules, with the self-
consistent field tight convergence criterion. Counterions were omitted from all
calculations.
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Figure 1: -
4,7,13,16,21,24-hexaoxa- Table 1: . o4
1,10-diaza-bicyclo[8.8.8]hexacosane (222) Selected 222 structural parameters (A and *)
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Table 2:

Optimization energies (kcal/mole) and RMS error (A) of nuclear positions

Figure 3:

NBO methods elucidate the stabilizing
role of the oxygen lone pairs in 222

(1.2)

Table 3:
(left to right) Calculated free energies (kcal/mole) for 222/M* Figure 2:
complexation (1.2) at 298 K, gas-phase interaction energies, M*(H,0), with

and experimental binding constants in water® optimized T, symmetry

(1.3)

Table 6:
Selected M*(H,0),
Table 4: structural parameters (A and °)
Calculated free energies (kcal/mole) for M* dehydration (1.3)
at 298 K; free energy sum recovers K* selectivity in water
(1.4)

(1.5)
(1.6)

(1.7)
Table 5:
Metal dehydration free energy differences (kcal/mole, 1.4-1.7)

Table 7:

Free energy sums and
corresponding binding
constants® in water,
methanol,and
acetonitrile

Table 8:
Relative binding selectivities (1.8)
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