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Variable Coordination of Phosphorus within
Calixarenes and Complexing Abilities of
Phosphorus-Based Calixarenes

MAOMIAN FAN, HONGMING ZHANG and MICHAEL LATTMAN

Department of Chemistry, Southern Methodist University, Dallas, Texas
75275-0314, USA '

Solvent-dependent coordination of phosphorus within a calix{4]arene cavity is shown and the
differences in the abilities of a ligand to bind to a metal within calix[4]arenes and
calix[5]arenes is demonstrated.

Keywords: calixarenes; phosphorus ligands

INTRODUCTION

The cavities of calixarenes!" can vary from very small to very large. We herein report the
use of two smaller members of the series, p-f-butylcalix{4]arene and
p-t-butylcalix[5]arene, to demonstrate variable coordination of phosphorus and novel
phosphorus-metal binding within the cavities.

RESULTS AND DISCUSSION
We have previously demonstrated that six-, five-, four-, and three-coordinate phosphorus

can be accommodated within the calix[4]arene cavity. 21 We have now found that
solvent plays an important role in determining the coordination number of phosphorus
within the calix[4]arene cavity. Treatment of the phosphite 1 (R = t-Bu) with butyllithium
in benzene results in simple deprotonation of the phenolic proton without a coordination
change at the phosphorus (Scheme 1). The lack of any coordination change is supported

by the almost identical 3P chemical shift values of both 1 and 2. However, if the
reaction is carried out in ether at low temperature, a mixture of both 2 and the

hexacoordinate phosphorus species 3 is formed in an approximate 1:1 ratio. The

formation of 3 results from nucleophilic attack of Bu™ at the phosphorus. The upfield 3p

257



15: 22 28 January 2011

Downl oaded At:

258 MAOMIAN FAN et al.

Scheme 1 (R = t-Bu)

{Li
-78C

&1p = — 99 (Vo = 883 Hz)

chemical shift of -99 and the large P-H coupling constant supports the formation of the
hexacoordinate anion.

In addition to providing a cavity in which a central main-group atom may easily
undergo coordination changes, it might be possible to bind both a ligand (i.e.,
phosphorus) and a metal at the base of a calixarene in order to stabilize a ligand-metal
interaction. In an effort to achieve this, we treated the anion 2 with CpTiCl3. The

reaction proceeds smoothly to give the complex 4 (Eq. 1). However, x-ray crystal

structural analysis of 4 showed that the calix[4]arene backbone is in an approximate
partial cone conformation in which the phosphorus lone pair and titanium are on opposite
sides of the calix[4]arene (Fig. 1). The cavity of the calix[4]arenc appears to be too small
to accommodate bpth the ligand and metal on the same side.
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FIGURE 1  Computer-generated drawing of the x-ray structure of 4.

The cavity of calix[5]arene is larger than calix[4]arenc and may be large enough

for the ligand to bind directly to the metal. Treatment of p-t-butylcalix[5]arenc!! with
tris(dimethylamino)phosphine leads to 5 (Eq. 2). Insertion of a tungsten can then be

accomplished via the mixed imido/amido reagent (t-BuN=)3W(NHt-Bu)z.“] The x-ray
structure of 6 shows a very long P-—W distance of 3.148(3) A. However, there is a

small P-W coupling constant (43 Hz) observed in the 3p NMR spectrum indicating that
there is at least some interaction between the two atoms.
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.. FIGURE2  Computer-generated drawing of the x-ray structure of 6.

Thus, the size of the calix[$]arene cavity appears to be able to accommodate at
least weak interactions between a ligand and metal. We are currently investigating further
cxamples of this type of weak binding in these systems.
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