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We have previously reported the synthesis and metal cation complexing properties in methanol 

of compound ,l,.2 This compound formed strong complexes with Nat, Kt, Ba2+, and Agt with log K 

values ranginq from 4.3 to 4.9.* We now report the synthesis of compounds ,?,, 2, 2, and Q, the 

results of a study of the temperature dependent 'H n.m.r. spectra for the complexes of compounds II- 

8 with primary alkylamnonium cations, and the calorimetric results for the reaction of compound 

2 with several uni- and bivalent cations. 

X 

& 

tn=l,X=H The substituted pyridino compounds were prepared from 

$n=l,X=Cl the appropriately substituted 2,6_pyridinedicarbonyl chloride 
0 

g 11' 

2 n = 1, X = 0CH3 and tetra- or pentaethylene glycol as we have previously re- 

$n=2,X=H ported.2'3 Compound $,, for example, was prepared from 4- 

2n=2,X=Cl chloro-2,6_pyridinedicarbonyl chloride and tetraethylene 

V"y n 
$n=2,X=OCH3 glycol to give white crystals (91%);4 m.p. 104-105°C. Com- 

pounds 2, 2, and $, were similarly prepared: 2 (54%)4, m.p. 

116-117°C; 2 (71%),4 m.p. 70-71°C; & (l9%),4 m.p. 122-123°C. Compound $, was previously reported.3 

Formation of complexes of compounds 1 - k with primary alkylammonium cations in an equimolar 

mixture of the two reactants was accompanied by significant chemical shift changes in the 'H n.m.r. 

spectra in CD2C12. 
5 

The temperature dependencies of the 'H n.m.r. spectra for the complexes of 1-2 

with RNH3C104 (R = phenyl, tert-butyl, and isopropyl) and with RNH3SCN (R = phenyl) and for the com- 

plexes of ,$ - Q with RNH3C104 (R = phenyl and tert-butyl) have been examined (see Table 1). At low 

temperatures, the multiplet peak attributable to the ester methylene hydrogens (COOCS) separated 

into a doublet and a multiplet of equal intensities with a Au of 136 - 260 Hz for complexes of:- 2 

and 43 - 64 Hz for complexes of $ - $,. This temperature dependence was not observed inthe 'Hn.m.r. 

spectra for the free ligands. Calculations of the kinetic parameters based on the temperature, T, 

at which the two separated peaks coalesced 
6-9 

in each case are shown in Table 1. The aGcf values 

calculated from the data obtained in solutions where the molar ratio of crown to salt, C:S, islcan 

be equated to the free energies of activation (AG' d+ri) for an equilibration of the ammonium ion 

from one face of the ligand to the other face with both dissociative and ring inversion components. 

In solutions where the molar ratio C:S = 2:1, the measured AGO probably involves an equilibration 

between complexed and uncomplexed ligands and thus can be equated ,to the free energy of dissociation 

(AG',).' The difference (AG+ d+ri-AGfd) reflects the free energy of ring inversion which for 
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TABLE 2. Log K AH, and TAS for Reaction of Inorganic Cations with Compound 
$ and Compound 1 (in parentheses) in Methanol at 25°C. 

Cation Log AH (kcal/mol) TAS (kcal/mol) 

Nat 4.14 2 0.07 (4.29) -6.03 0.18 t (-6.19) -0.38 (-0.34) 

K+ 4.73 + 0.08 (4.66) -7.97 0.23 + (-9.3) -1.52 (-2.95) 

Rb+ 3.56 + 0.09 (4.24) -9.23 0.27 + (-9.07) -4.37 (-3.29) 

cs+ a (a) a (a) 

Ag+ 3.76 2 0.02 (4.88) -8.04 + 0.08 (-7.83) -2.91 (-1.17) 

Li+,~~'t,Ca2t + 2.86 b + 0.03 (2.93) -6.78 + 0.16 (-7.75) -2.88 (-3.75) 

b 

Sr2+ C C 

Ba2+ C (4.34) c (-6.03) (0.11) 

aReaction of stoichiometry other than 1:l not resolved. 

bNo measurable heat, indicating AH = 0 and/or log K very small. 

'Ligand decomposition occurs. 

addition of the chlorine atom to compound 1 to give compound F does not significantly alter the sta- 

bilities of alkali metal and NH4+ complexes of the ligand although selectivity for K+ is improved. 

The Agt complex is significantly destabilized, probably due to the decreased basicity of the pyridyl 

nitrogen atom resulting from the presence of the 4-chloro group. Thus, the nitrogen atom plays a 

much more significant role in the binding of Agt by the macrocycle than in the binding of the alkali 

metal cations. The second significant feature of these data is that compound F, unlike compound i, 

decomposes slowly in the presence of Sr2+ and Ba2+. Calorimetric measurement of an unusually large 

amount of heat upon addition of compound 2 to solutions of Sr 
2+ 

or Ba2+ led to initial suspicions of 

an unusual reaction type. These suspicions were confirmed when the 'H n.m.r. spectrum of Sr2+ or 

Ba2+ mixtures with compound 2 in CD30D showed a slow (over two days) decomposition of the ligand, 

probably via transesterification of both ester linkages. An analogous experiment in the presence of 

K+ showed no ligand deterioration. Unfortunately compound ,$ is not sufficiently soluble in 

methanol to allow measurement of data for this compound such as found in Table 2. 
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