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Importance of the Glycerol Structure of C-Pivot Lariat Ethers Containing a 16-Crown-5 Ring
for Effective Complexation toward Alkali Metal Cations
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The effect of the skeletal structure of the pivot position of the
C-pivot lariat ethers containing a 16-crown-5 ring on their
complexation properties toward alkali metal cations was
examined. The glycerol structure was found to be necessary
for the effective coordination toward the potassium ion.

Lariat ethers are interesting host molecules for alkali metal and
alkaline earth metal cations because they possess unique
complexation properties based on the effective coordination of
the electron-donating sidearm with the cation.' Concerning 16-
crown-5 derivatives, a variety of lariat ethers have been
synthesized in order to clarify the relation between the structure
and the complexation property.>® Among them, when the
electron-donating sidearm is connected with the central carbon of
the trimethylene moiety, two types are known. One type, such as
1, directly connects the oxygen atom to the pivot carbon. The
other type, such as 2, mediates one carbon atom between the
pivot carbon and the oxygen atom. Which is more effective for
the complexation toward metal cations?  Although the
complexation properties of such types of compounds have been
reported, the direct comparison between these two types has
never been done to the best of our knowledge. From this point
of view, we describe the synthesis of such two types of lariat
ethers (1-3) and the comparison in their complexation properties
for alkali metal cations.
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The synthetic procedure for compound 1 is summarized in
Scheme 1. Compound 4 was obtained from the
bromoalkoxylation reaction of 15-methylene-16-crown-5* using
N-bromosuccinimide (NBS) and ethylene glycol. The
hydroxyl group of 4 was protected by the treatment with
dihydropyrane according to the conventional method and then the
compound was reacted with n-butyl alcohol under the basic
conditions, followed by the deprotection to give 5. After
compound 5 was converted to the corresponding chloride (6),

Scheme 1. Preparation of compound 1.
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the reaction of 6 and 8-hydroxyquinoline was carried out in
ethanol in the presence of KOH at refluxed temperature for 2
days® to afford 1. On the other hand, compound 2 was
prepared by changing the reaction sequence used in the case of 1,
that is, the bromoalkoxylation of 15-methylene-16-crown-5 with
NBS and n-butyl alcohol was done at the first step. All
structures were ascertained by "H NMR and IR spectroscopy,
mass spectrometry and elemental analysis.®

Extraction profiles conducted under the conditions using
equimolar amounts of the ligand and alkali metal picrate® ’
shown in Figure 1. Ligands 1 and 2 are structurally regarded
to be derived from glycerol and trimethanolmethane,
respectively.®  Although both ligands 1 and 2 possess the same
hetero atoms (nine) and almost the same structure, their
extractabilitics toward alkali metal picrates are remarkably
different.  For example, ligand 1 showed much higher
extractability toward K* than ligand 2 did. In the former case, the
original Na" selectivity of 16-crown-5 ring was changed to the
K" selectivity.  This finding strongly suggests that the electron-
donating side arm of ligand 1 effectively coordinates with K* and
that the side arm of 2 hardly interacts with the cation. In order
to verify the effectiveness of the glycerol structure, ligand 3 was
designed and the extractability was examined. = As expected, the
extraction profile of 3 was very similar to thatof 1.  This result
indicates that only the side arm constituting the glycerol structure
at the pivot position participates in the complexation with the
cation.

The stability constants of ligand 1-3 toward Na" and K*
measured in THF at 25 °C® are summarized in Table 1 along with
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Figure 1. Extractability of compounds 1-3 for Alkali
metal picrates.
Extraction conditions: dichloromethane(10 ml) / water
(10 ml); [MOH]=5x102 M; [extractant]=[picric acid]=
5x10M; 25 °C; 9 h.

data of the reference compound. It is noteworthy that the
stability constant of 1 toward K" is about 180 times that of 2 .and
the K*/Na" selectivity is about 17. As expected from the
extraction data, ligand 3 showed about the same stability
constants as ligand 1 did.

Another evidence for the effective coordination of ligands 1
and 3 toward K* was given by the UV spectroscopy study.
The position of the UV spectrum of the picrate anion is a
measure of the type of the ion pair.’® When 1 complexed with
potassium picrate in THF, a peak at 381 nm was observed (Table
2). ‘This absorption was assigned to the loose ion pair. On
the other hand, the combination of 2 and potassium picrate
showed the absorption at 359 nm, assigned to the contact ion
pair. The large difference between 1 and 2 should be
attributable to the three-dimensional coordination of 1 toward
potassium cation.

Table 1. Stability constants of 16-crown-5 derivatives®

Compd. logK(Na™) logK(K*) selectivity(K*/Na*)
1 4.21 5.45 17.4
2 3.26 3.18 0.8
3 4.03 5.01 9.3
16-Crown-5 3.83 3.02 0.15
3.51° 2.63° 0.13

2 Obtained from the calculation based on the absorption of
Eicratc anion in THF at 380 nm in the UV spectrum.
'Measured by ion-selective electrode; Ref. 3.
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Table 2. UV absorption maximum of picrate anion in THF

Na* K*
Compd.  [L)P}=1* [L[P]=5 [L)[P]=] [L}[P}=5
1 355° 363 381 381
2 353 355 359 364
3 355 362 380 380

2 [L)=[Ligand}; [P]=[Picrate anion]=5x10>M ® In nm.

In conclusion, an appropriate arrangement of the coordination
sphere including the electron-donating sidearm around the pivot
position was found to be of importance in molecular design of
lariat ethers.  Further modification of the structure of ligands to
improve the complexing ability is now in progress.
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