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Macrocyclic ligands such as crown ethers have been a subject g o/?
of intense studies for several decades owing to their superior Lov=Nd, 18, orSm, 1b

selectivity in complexation with metal ions and organic catibns. aReagents and conditions: (a) & Py, CHClo, 99%: (b) diethyl

Immobilization of crown ethers on polymeric gnd oxidg SUPPOrts  phosphite, Pd(PRJ, 95%: (C) KCOs, 95%; (d) pentaethylene glycol
presents an attractive approach toward hybrid materials that areditosylate, NaH, 47%; (e) M&iBr in CHCl,, then MeOH, 99%; (f)

exploitable for a wide range of applications such as industrial Ln(NO)s;, H2O, MeOH, HCI, 59% for bottia and1b.

separations, ion transportations, isotope extractions, and cafalysis.

Of particular interest to us is silica gel dispersed chiral crown ether, (Ln = Nd, 1a and Sm,1b) were synthesized in good yields by

2,2-pentaethylene glycol-3/@liphenyl-1,1-binaphthalene, which ~ slow evaporation of an acidic mixture of Ln(NJg andL-H, in

has proven extremely powerful for analytical chiral separations of methanol at room temperature (Scheme 1). The IR spectia of

a-amino acid$. Moreover, recent results have indicated that andlbdisplay strong P-O stretches at 9561150 cni! and intense

macrocyclic ligands can be incorporated into layered frameworks and broad G-H stretching vibrations at-3350 cnt®. Thermo-

of zirconium phosphonates as well as network structures of other gravimetric analyses show thaa and 1b lose three hydrogen

metal phosphonatéswe thus envision that metal phosphonates chloride and six water molecules per formula unit by 1T

containing pendant chiral crown ethers can be designed using aFormulations ofla and 1b have been supported by microanalysis

new rigid bisphosphonic acid ligand, 2{#&entaethylene glycol-1'-1 results?

binaphthyl-6,6-bis(phosphonic acid). Such hybrid materials will A single-crystal X-ray diffraction study ofR)-lareveals a 2-D

combine the robust framework structure of metal phosphonates andlamellar structure consisting of eight-coordinate Nd centers and

enantioselectivity of chiral crown ethers and may find applications monoprotonated -H bridging groupslacrystallizes in the chiral

in bulk chiral separations of important chiral feedstocks such as space groupC2.1° The asymmetric unit ofla contains two Nd

o-amino acids. centers lying on crystallographic two-fold axes, dnd bridging
Enantiopure atropisomeric 2;@entaethylene glycol-1/binaph- ligand, four coordinated methanol molecules, one-half of a non-

thyl-6,6 -bis(phosphonic acid), -H,, was synthesized in five steps  coordinatingL-H, ligand, one and a half hydrogen chloride, and

starting from known 6,édibromo-2,2-dihydroxy-1,1-binaphthalene three water molecules. Both Nd centers adopt a square anti-prismatic

in 40.7% overall yield (Scheme 1). The key steps involve geometry by coordinating to four methanol molecules and four
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Pd-catalyzed phosphonation reaction of @li®romo-2,2-diacetyl- phosphonate oxygen atoms of four differént ligands (Figure
1,2-binaphthalene to give 2;2liacetyl-1,1-binaphthyl-6,6-bis- 1a). The dihedral angle between the naphthyl rings in coordinating
(diethylphosphonate) and cyclization reaction of' 2|iydroxy- L-H ligand is 107.56, while the dihedral angle between the
1,1-binaphthyl-6,6-bis(diethylphosphonate) with pentaethylene naphthyl rings in fred.-H, ligand is 103.37. Both phosphonate
glycol ditosylate to afford 2,2pentaethylene glycol-1;/binaphthyl- groups of theL-H ligand adopt ac,,u, binding mode and link

6,6-bis(diethylphosphonate). All of the intermediates ard, were adjacent Nd centers to form doubly bridged 1-D lanthanide
characterized byH, 13C{1H}, and3P{H} NMR spectroscopies. phosphonate chains along the@xis. The binaphthyl backbones of

Single crystals of homochiral lanthanide bisphosphonates with the L-H ligands link adjacent 1-D lanthanide phosphonate chains
the general formula of [LifL -H)2(MeOH)g]-(L -H4)-(HCl)3:(H20)s to form a 2-D coordination network lying in theb plane (Figure
1b). This lamellar structure is entirely different from that of another
* To whom correspondence should be addressed. E-mail: wlin@unc.edu.  family of lanthanide phosphonates reported receftly.
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Figure 1. (a) Coordination environment dfa. For clarity, the crown ether
groups ofL-H ligands have been omitted. The circles with decreasing sizes
represent Nd, P, O, and C atoms, respectively. (b) A view of the lamellar
structure ofla down thec axis. For clarity, the crown ether groupslofH

ligands and the carbon atoms of coordinated methanol molecules have been

omitted. (c) A view showing chiral crown ether pillared lanthanide
phosphonate lamellae as well as the intercalation of lfré¢&, molecules.

The most striking feature dfais the placement of chiral crown

ether groups between the lanthanide phosphonate layers (Figure

1c). Such chiral crown ether pillars have the potential to enanti-
oselectively interact with organic cations such as protonated amino
acids and thereby provide a novel material for bulk chiral
separations. Interestingly, however, the lamelladafare inter-
calated with freelL-H, molecules, and, as a result, there is only
enough void space ihato accommodate three hydrogen chloride
and six water molecules per formula uHitThe limited porosity
of lahas thus precluded its application in bulk chiral separations.
Powder X-ray diffraction (PXRD) studies indicated that com-
pound1lb is isostructural tdla. We have also prepareid and1b
using ©-L-H4. CD spectra of botia and1b made fromR- and
SL-H, are mirror images of each other, indicating their supramo-
lecular enantiomeric nature. The framework stabilitylafand1b
was studied using PXRD. Upon evacuation at room temperature,
laand1b experienced weight losses consistent with the removal
of three hydrogen chloride and six water molecules per formula
unit. Powder patterns of the evacuated solids are essentially the

same as those of pristine solids (Figure 2). These results unambigu-

ously demonstrated the retention of framework structurdsafnd
1b after the removal of guest molecules.

In summary, we have synthesized and characterized the first
porous lamellar lanthanide bisphosphonates that are pillared with
chiral crown ethers. Current efforts are centered on increasing the
porosity of these materials via modifications of the bridging
bisphosphonic acids and exploring their applications in enantiose-
lective processes.
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Figure 2. XRPD of 1labefore (top) and after (bottom) the removal of three
hydrogen chloride and six water molecules.
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Anal. Calcd (found) for ggH143CIsNd,0Os0Ps, 1a C, 43.6(41.7); H, 5.33-
(4.65); N, 0(0.22); Cl, 3.94(3.69%). Anal. Calcd (found) fajgl14Cls-
SmyOsoPs, 1b: C, 43.4(41.0); H, 5.31(4.16); N, 0(0.27); ClI, 3.92(3.77%).
The samples are consistently low in C and H content.

X-ray data forlawere collected on a Bruker SMART CCD diffractometer
equipped with Mo K radiation. Crystal data fota: monoclinic, space
group C2, with a = 32.758(3),b = 10.733(1),c = 20.008(2) A b=
121.888(1y, V=5972.7(8) A, Z = 2, Dcac= 1.50 g/cmi. Least-squares
refinement based on 6024 reflections with 20(l) and 531 parameters
led to convergence, with a final value of R10.084 and wR2= 0.208.
Flack parameter 0.06(4).

Microanalysis results indicated the absence of Cl in the evacuated solids
of laand1b and thus unambiguously demonstrated the presence of HCI
as the guest molecules.
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