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Molecular Orbital Study on a Chlorine Anion Cryptate
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Closed shell LCAO-SCF-MO calculations were carried out for the chloride anion
cryptate, which is of interest in connection with organic anion receptors and carriers.

In the Cl- cryptate of [(CoH,s)(NH),Cl}*Cl-, Cl- is encapsulated in the host molecule.
Since the positions of the two protons bonded to the two nitrogens of the host molecule
were not determined in the reported X-ray diffraction analyses, the positions of the two
protons in the inclusion complex were decided by calculation using the ab initio molecular
orbital method. A structure N+-H...Cl-...H-N+ in which Cl- is in between the two
nitrogens was most stable at values of #(NN) less than 7.0 A. The structure N+-H-..Cl~---
H-N+ was most stable at #(NN)=6.023 A. In the most stable structure, the two protons
are covalently bonded to the two nitrogens. The structure obtained by geometry
optimization for the two ammonium ions and Cl~ was similar to that determined by X-ray
diffraction analysis.
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In studies to develop strategies for the rational design of organic anion receptors and
carriers, Cl- cryptates have been reported.® These compounds may also be of interest in
biology in view of the current interest in anion binding and transport in biological mem-
branes. Bell ¢t al. determined the structure of[(CoH,g)s (NH),CIJHCl~ by X-ray diffraction
analysis.? The structure is shown in Fig. 1.
The cage compound consists of a chloride ion
encapsulated within a triply bridged diam-
monium species, with hydrogen bond dis-
tances N(H)---Cl of 3.10+0.01 angstroms.
It has the crystallographic symmetry mm
2(C,,), one of the mirror planes passing
through one of the clamps and the other
lying perpendicular to them. In this struc-
ture, two-dimensional binding with inclusion
may produce a stable and selective anion
cryptate.  Cl~ is held in the cavity of
biprotonated macrobicyclic diamines *HN-
[(CH,)e]sNH* by two hydrogen bonds,
+N-H...X—---H-N+. In this paper, the system of the two hydrogen bonds is studied from
a quantum chemical point of view.

Fig. 1. Structure of [(CoH,g)4(NH),ClJ*Cl-
reported by Bell ¢f al.

Method

All the calculations were carried out within the closed shell LCAO-SCF-MO approximation. The Gaus-
sian 70 program was used.® The 4-31G split-valence shell basis set with the recommended exponents,
contraction coefficients, and scale factors was used.®
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In a molecular orbital study of tetranactin-NH,*, the interaction between NH,* and the ether and carbon-
vl oxygens which are oriented towards NH,+ was significant.® In this paper, therefore, a model of two am-
monium ions in place of the biprotonated macrobicyclic diamine +HN[(CH,),],NH* was used. NH;* was
assumed to be tetrahedral.

Calculations were carried out using a HITAC M-180 computer at the Institute for Molecular Science.
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Results and Discussion

Figure 2 shows the interacting structure for two ammonium ions and Cl-. Geometry
optimization calculations were carried out for three length parameters »(NN), #(NCI) and
7(NH), as shown by a, b and c, respectively. The most stable structure is shown in Fig. 2.
Figure 3 shows the total energy change from the most stable structure against 7(NN) in
the structure with #(N1Cl)=7(N2Cl) and »(NH)=1.032 A. Figure 4 shows the total energy
change from the most stable structure against 7(N1Cl) in the structure with 7(NN)=6.023
A and »(NH)=1.032 A. Figure 5 shows the total energy change from the most stable struc-
ture against (NH) in the structure with 7(NN)=6.023 A and #(NCl)=38.0115 A.
7(NN)= 6.023 A was shorter than the experimental value of +HN[CH )olsNH* including
Cl- by 0.18 A. Cl- was in between the two nitrogen atoms; this result is in agreement with
the results of X-ray diffraction analysis. The total energy changes were calculated against
#(NC) in the structure with #»(NH)=1.082 A at various distances of 7(NN). The results are
shown in Fig. 6. At the distances of »(NN)=6.2, 6.4, 6.6 and 7.0 A, CI- was in between
the two nitrogens. At the distances of #(NN)=8.0 and 9.0 A, however, double well potential
curves for Cl~ transfer were obtained. Figure 7 shows the proton transfer potential from the
nitrogen of NH} to Cl- in the structure with »(NN)=8.0 A and »(NICl) =3.023 A. The proton
transfer potential increased, monotonically. The structure in which Cl~ forms.an asymmetric
hydrogen bond with one nitrogen was stable for proton transfer in the structure with
7(NN)=8.0 A. Therefore, when the distance 7(NN) in the structure of +HN[(CH,),,NH* i is
more than 8.0 A, Cl- will be bonded to the hydrogen of an NH* group.
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In conclusion, Cl- was in between the two nitrogens at values of #(NN) less than 7.0 A.
The protons were covalently bonded to the nitrogens. The structure obtained by geometry
optimization for the two ammonium ions and Cl- was similar to the structure determined
by X-ray analysis of the tHN[(CH,),]sNHCl~ complex.
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