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ABSTRACT

Preparation of the first rigid homoditopic tris(tetrahydrofuranyl) ligand with a pair of exotopic binding sites specifically tailored for effective
coordination to lithium ions is described. The crystallographically defined structural parameters of the monomeric building block and a 1:2
complex of the dimer with lithium picrate reveal the unique features of these materials.

Self-assembly, that capacity of select molecules to form well-
oriented oligomeric networks, plays an important role in
supramolecular chemistiyln general, ligand association
develops as a direct consequence of hydrogen bonding,
m-stacking, or interactions involving transition metals. Up
to now, the application of group IA metal ions (LiNa", (Qg/ )
7\

etc.) to the formation of ionic supramolecules has not been
accorded meaningful consideration. In earlier reports, we
have described the readiness with which the sandwich
complexesl and 2 can be generated The unique 2:1 1
binding feature exhibited by the two neutral ionophores and

particularly the high binding selectivity for tiobserved in

the latter instance have prompted us to consider the linkage
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The first important consideration involves the orthoester allowed us to examine the feasibility of the key dimerization
substituent to be carried through the synthesis. The decisionreaction. Deprotection of the PMP group with ceric am-

was made in favor ob because of its ready availability
and the robustness of thpmethoxyphenyl (PMP) group.
Acid-promoted coupling 0b to myo-inositol furnished in
satisfactory yield (Scheme 1). The conversio®ad 10 via

Scheme 1. Synthesis of the Trispiro LigantiO
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amyo-Inositol, DMF, TsOH, 100C, 24 h (57%, 95% based on
recovered starting materia?)1.0 equiv of TBSCI, imidazole, DMF
(55%, 82% based on recovered starting materfa§aH, BnBr
(56%, 86% based on recovered starting materfdess—Martin
periodinane, CECl, (87%). ¢ CIMg(CH,)sOMgCI; TsCl, EgN,

CH.Cl,, 10% Pd/C, H (40—50 psi), EtOAc (55% over three steps).

f Dess-Martin periodinane; CIMg(CkzOMgCI; TsCl, EtN, CH,Cls;
TBAF, THF (79% over four stepsf Swern oxidation; LiCIQ,
THF, rt, 2 h; CIMg(CH)sOMgCI; TsCl, EgN, CH,Cl, (78% over
three steps).

7—9follows precederitand is not detailed here. Successful
arrival at this aryloxy orthoacetate-protected trispiro ether
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521.
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monium nitrate in aqueous acetonitrile was completed in 10
min at 0°C (Scheme 2). Oxidation of primary alcohbl

Scheme 2. Synthesis of the Bifacial Dimeric lonophoie

aCeric ammonium nitrate, CYCN—H,O (4:1) (69%).> Swern
oxidation; CHCOC(=N,)P(O)(OMe}, K,CO;, MeOH (33% over
two steps) < CuCl, TMEDA, air, CHCI, (100%).

with the Dess-Martin periodinane or tetra-propylammo-
nium perruthenate proved unworkable. The highly polar
nature of the alcohol and the aldehyde precluded the use of
oxidants that require significant purification during workup.
The Swern process worked best, although efficiency was still
sacrificed (<50% of crude product). Direct reaction of the
unpurified aldehyde with dimethyl 1-diazo-2-oxopropylphos-
phonaté and K,CO; in methanol solution gave the targeted
12 in 33% yield over two steps. This alkyne is a powdery
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Modified Glaser couplingof 12 with CuCl in the presence
of TMEDA under a dry air atmosphere led to the formation
of dimer13in quantitative yield. This highly polar colorless
substance does not melt below 28D but is freely soluble
in CH.CI, from which it is deposited as feathery crystals
that turn cloudy on drying. The binding constants i3
involving Li*, Na*, and K" picrate expectedly demonstrate
the closely comparable capacitiesl&and14 for coordina-
tion to all three guest ions (Table 1). Once again for the

Table 1. Association Constants (KM~1) Determined by
Picrate Extraction into Chloroform at 2@

K.
M*Lg + [Piclaq + [hostlyg 2 [M*Pic™ host]orq
Lit Na* K*
&
0
7~ 1.1 x 107 25x10*  51x10°
1
Figure 1. Perspective plot 012 in the solid state. g\;o Ka (Li")/Ka (Na) = 440
white solid that has only limited solubility in Gi€l,.
Nevertheless, crystals df2 suitable for X-ray diffraction 14
have been obtained (Figure 1).

|| 1.1 x 107 42x10* 1.9x10°
K, (Li*)/K, (Na*) = 262

sake of uniformity, theK, values have been calculated on

the assumption that 1:1 complexation is operative. Although
the precise degree of complexation is not known with
certainty, precipitation of a colorless solid as expected for
2:1 complexation was not observed.

When solutions ofl3 in CH;CN—CH,CI, were treated
with 1 equiv of LiClQ,, a white precipitate was rapidly
deposited that proved sparsely soluble in most solvents.
Electrospray mass spectral analysis of these samples in the
positive ion mode gave spectra consisting of broad humps
of low intensity over the range oh/z2000—6000. The lack
of resolution of individual peaks is taken as an indication
that the substance is a much higher mass polymer (of

E;gé”e 2. c.:rg%tgg/'ograghi)c.?"y d‘?'et?rmi”ed m‘l)ll.ecu!gr ?tr“‘;‘ture of unknown charge states) with a bit of heterogeneity likely
rawn wit % probability displacement ellipsoids for the non-  _ . . . :

hydrogen atoms. The hydrogen atoms are drawn with circles of arising from counterion a§sqf:lat|(§rCc3,nsequ.er?tly, oligo-
arbitrary radii. meric networks of typel with “spacers” consisting of 1,3-

butadiyne subunits are amenable to ready production.
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Figure 3. Packing diagram fof5.

As anticipated, purposeful control over the unbridled
formation of 4 proved to be tricky. Ultimately, it was
recognized that the utilization of an internally chelated Li
salt such as lithium picrate can serve effectively to deliver
metal atoms to the binding sites 8 without disruption of
the preexisting coordination. Thus, admixturel8idissolved
in CH,Cl, with 2 equiv of lithium picrate in CECN solution
resulted in the deposition of yellow crystals that proved

146

insoluble in most solvents (GEN, CH.Cl,, CH;0H, H,0,
DMF). These crystals are fragile and turn cloudy on drying.
X-ray crystallographic analysis defined this substance to be
the bifacially capped compleks (Figures 2 and 3). Interest-
ingly, the O-- -O distance 15 (2.831 A) is unchanged
relative to that in12 (2.830 A).

In summary, an optimized method has been developed for
the synthesis of a rigid homoditopic ligand system having
exotopic tris(tetrahydrofuranyl) binding sites that share a
strong affinity to bind lithium ion in a highly selective
manner. The structural features D8 are such that it can
serve as a key template in the formation of alternating ionic
polymers. The realization of a reliable means for harnessing
the high ligating potential af3 so as to generate well-defined
bifacially capped systems typified iy will hopefully open
this field to further fundamental exploration.
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