J. Am. Chem. S0d.997,119,2751-2752

Crown Ether Pillared and Functionalized Layered
Zirconium Phosphonates: A New Strategy to
Synthesize Novel lon Selective Materials

Baolong Zhang and Abraham Clearfield*

Department of Chemistry, Texas A&M Warsity
College Station, Texas 77843-3255

Receied October 3, 1996

Crown ethers have been intensively studied during the last
25 years:2 The interest stems not only from the fact that these
studies provide unlimited exploration of structural asserhbly
but also from the chemical and biological potential of these
compounds as ion exchangeend possible agents for trans-
porting ionic species in living tissués.These macrocyclic
ligands are noted for their remarkable selectivity toward metal
ions making them excellent choices for the separation of metal
ions&° However, one of the major problems encountered in
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Brunetet al2% and Alberti#421also were able to bind the crown

using macrocyclic ligands in separation processes is the loss oféther covalently tg-zirconium phosphate by an ester exchange

very expensive macrocycles in the solution due to their
solubility.’® One way to overcome this problem is to attach
the macrocyclic ligands covalently to a solid support. Early
efforts to accomplish this chemical bonding involved connecting
the carbon framework of the macrocycles to the siloxy
component of silica géit12 However, this method proved to
be fraught with preparative difficulties that involves several
reaction steps.

Metal phosphonates represent a relatively new class of
compoundd4314 Many of them are layered compounds in which

inorganic groups build up the layer backbone while the organic

reaction. Our synthesis, however, is a new general approach
to react macrocycle phosphonic acids with zirconium, and the

products obtained are the first examples of bridged and

nonbridged crown ether derivatized zirconium phosphonates
prepared by direct reaction rather than ester interchange and
therefore may be more general.

The preparation is outlined in Scheme 1. Compo8neas
made from phosphonic aciwhen the ratio oR to phosphoric
acid was equal to 2. The X-ray diffraction pattern, shown in
Figure 1, suggested that it is a layered compound with a
d-spacing of 20.0 A. When the reaction was performed with

portion protrudes into the interlamellar space. One of the noted @dditional phosphoric acid, a new layered phade,with

characteristics of these compounds is their predictable structur
skeletong>16 Other important features are the simple reaction
steps required to make them and the ability to affix the various
organic groups on a solid suppéft.

In this paper, we report our efforts to incorporate crown ethers

ed-spacing 13.0 A, was obtained. The structural difference

between these two phases was easily identified from &ir
solid state NMR spectra. THéP NMR spectrum o8 has two
main peaks similar to those obtained for zirconiriphospho-
nomethyl)iminodiacetic acid layered compounds (ZrPMIDA),

onto zirconium phosphonate layers. The crown ether precusorsi" Which one peak is at27.20 ppm due to P£, and another
used here are 1_aza_15_cr0wn_5 and 1’4’10’13_tetraoxa_7,16]5 at _598 ppm att”buted to the phOSphonate phOSphOl’us In

diazacyclooctadecane. They were converted to phosphonicZ/PMIDA it was found? that the layer backbone in this

acids by a Mannich type reactidf from which a series of
bridged and unbridged zirconium phosphonates were synthe-
sized. Kijima?®recently reported incorporating the macrocyclic
species into the- andy-zirconium phosphate by intercalation.
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compound is formed with zirconium bridged by four oxygens
from phosphate groups similar to the bonding+Zr(POy)(Hz-
PQy)-2H,0 (y-ZrP)2 However, the phosphonate binding is
similar to that found foro-Zr(HPQOy),-H20 (0-ZrP)2* There

is also a minor peak at19 ppm for HP@Q?~ groups. The
driving force to form this new layer arrangement is attributed
to the bulkiness of the macrocycle phosphonic acid. Like
PMIDA, compoundl is too large to fit into the skeleton of an
a-ZrP layer since it exceeds the liffitof 24 A2 available to

the pendant groups. Therefore, the presence of phosphoric acid
is necessary to obtain a layered type compound other dhan
that provides sufficient room for the pendant group by insertion
of POy groups. However, th&'P NMR of compoundt, which

was made by adding an excess amount of phosphoric acid, has
two peaks, one at-21.18 ppm and the other at9.32 ppm,
similar to the spectrum of a layered mixed component zirconium
phenylphosphonate/phosphate derivatfvd his suggested that

in this case, an type layered compound is formed with HFFO
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prescribed by the cross-linking bisphosphonate groups. When
the ratio of HPO, to compound6 is equal to 1, a layered

Figure 3. Schematic representation of interlayer arrangement of
compounds/ (top) and8 (bottom).
AR,

L L o g o compound? similar to 3 but with ad-spacing of 14.4 A, is
b EH b b b L formed. Compound@ was obtained from a reaction in which
[ E>ro, < a>r0,CE Sro, <y > o >0 (| the ratio of HPO, to 6 was equal to4. However, unlike
, g i R 7 q compound4, the d-spacing of compoun@ remains almost
(3) unchanged because tdespacing, which is dependent on the
Y T T T R length of the cross-linking group, has been fixed (it increases
NN slightly to 14.7 A because the layer thickness of theype is
T I T T 6.3 A compared to 5.8 A in the mixed type compound
! (""j (,/'; (™) Similar 3IP NMR spectra were observed between compounds
Q} C C‘\j) o 2 Q\J) 3 and7 and compoundd and8, respectively, indicating their
L& » \—$J - o structural similarity to each other. On the basis of XRD,
l Tz, Tu — Th TU — | elemental analysis, TGA data, solid st&® and%F NMR
P P P P P P P P P
T I T I I T ! T !

studies, compoundg and 8 are formulated as 2Z{CisHso
N2P2010)0.75 (HPQy)o o(PQy)-F2.54H0 and Zr(GaHsoN2P2010)0.33
(HPOy)1.34Fo661.8H:0, respectively. Their schematic structural
Figure 2. Schematic representation of interlayer arrangement of representations are shown in Figure 3. Again, the nitrogens in
compounds3 (top) and4 (bottom). these two compounds are protonated. The fluorine in these two

_ ; ds is for charge balance, but both are not bonded to
(—21.18 ppm) and phosphonateq.32 ppm) in the same layer. ~ €OMpPoun '

On the basis of the X-ray diffraction data, elemental analysis, Z2'"¢Onium as suggested by théfF solid state NMR spectra. A
TGA data, solid staté’P and!%F NMR studies, compound model that was proposed based on the ZrPMIDA structure

and4 are formulated as HoaNO-PY 1APO:)(HP . suggests that the cross-linked compourfdsnd 8 can be
Clo171.69H0 and Zr(G 15(;(3:&67%)0 227(H)|1:;107(4)1?;)|£o 5 Z%%%ﬁzé regarded as three-dimensional structures with-2.8 A uniform
respectively. The nitrogens in these two compounds are POres formed by the macrocycles. .

protonated. The fluoride ions are for charge balarée.solid In conclusion, compound$ and8 are the first examples of

state NMR spectra of these two compounds both have a peakefowWn ether pillareda-zirconium phosphonate phosphates.
at —123 ppm corresponding to free fluoride ion. However, in Compound and7 have new structures other than those reported
the 19F NMR spectrum of compound there is a second peak 257 type.macrogycle-derlyatlzed zirconium phosphonates or
at 45 ppm indicating existence of another kind of fluorine which of those simply pillared k_)y intercalation. T_h|s_opens up a route
is bonded to zirconium. This fluorine is labile and can undergo 1© deévelop novel materials to have special ion exchange and
chemical exchange with the nonbondedds shown by NMR complexing properties. The prellmlpgry results show that' they
line broadening. A small amount of chloride ion is present in Nave good selectivity toward transition metals and the inter-
this compound because compoubivas made using zirconyl lamellar fluoride ions may be replaced by anion exchange. The
chloride. A schemetic representation of the proposed structural 9€tails will be reported subsequently.
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However, in this case, cross-linked compounds are formed. ) ) ] o ]

Unlike the nonbridged compoun@sand4, which easily swell Supportl_ng Information Available: Text describing the synthesis

in water due to the hydrophilic character of the macrocyles, 2nd analytical data of all new compounds (2 pages). See any current

the cross-linked compoundg and 8 are white insoluble masthead page for ordering and Internet access instructions.

powders. They do not visibly swell due to the fixed distance JA9634583



