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RESULTS TO DATE:

PROGRESS REPORT RESEARCH OBJECTIVE: This project have focusses on the basic chemical
aspects of anion receptor design of functional pH independent systems, with the ultimate goal of targeting
the selective binding of sulfate, as well as design of separations strategies for selective and efficient
removal of targeted anions. Key findings include: (1) the first synthetic sulfate-selective anion-binding
agents; (2) simple, structure-based methods for modifying the intrinsic anion selectivity of a given class of
anion receptors; and (3) the first system capable of extracting sulfate anion from acidic, nitrate-containing
aqueous media. Areas probed during the last funding period include: the design, synthesis, and physical and
structural characterization of receptors and investigation of anion and dual ion pair extraction using
lipophilic amide receptors for anion binding. A new collaboration has been added to the project in addition
to the one with Dr. Bruce Moyer at Oak Ridge National Laboratory, with Professor Jonathan Sessler at the
University of Texas at Austin.

RESULTS: This project has now reached a stage where there is significant data concerning structures,
selectivities, and magnitudes of anion binding to a wide variety of anion receptors. The factors examined
include hydrogen bonding groups (amines, amides, thioamides, sulfonamides), charge (positively charged
vs neutral receptors), dimensionality (acyclic, monocyclic, and bicyclic cryptands), and topology. In the
past two years KBJ has visited Oak Ridge to plan for the future efforts in our collaboration with Bruce
Moyer. Now that we have added a new collaborator, we are planning to meet every six months to plan and
to communicate progress.

Acyclic Amines and Amides. An investigation into the amide/amine and amine tripodal acyclic receptors
was finished. Findings indicated that neither binds anions well, but binding was significantly higher for the
oxoacids dihydrogen phosphate and monohydrogen sulfate. Crystal structures for two of the amine
receptors were published recently along with the binding results of the acyclic tripodal amines. Another
paper is currently in progress on the corollary amide receptors. Amide/Thioamide-based Monocyclic
Receptors. The proposed cryptand receptors with amide and thioamide functionalities has now been
synthesized for monocyclic (two dimensional) systems. The results are quite surprising. For the monocyclic
systems, which also contain two tertiary amines, significant selectivity was observed for the oxoacids
above other oxo anions and halides. Affinities for bisulfate in DMSO are log K ~ 3.0 for the amide and
slightly higher for the thioamide. The receptors also bind dihydrogen phosphate strongly. We suspect that
the affinity is linked to the secondary amine which acts synergistically to attract the protonated anion. The
structure of the tetraamido complex with sulfate shows a very strong multiple hydrogen bonding network of
eight hydrogen bonds holding the sulfate in a sandwich-like structure. This chelation is undoubtedly also
responsible in part for the high observed affinity. We also observed the monocycles with pyridine spacers
show higher affinity that those with simple m-xylyl or thiophene spacers. We attribute this to a type of
preorganization effect, where the pyridine amines help to orient the NH hydrogens inward to the cavity for
a better placement to hydrogen bond with the anions. In extraction studies performed at Oak Ridge in
Bruce Moyer?s group, insight to selective sulfate extraction is being gained and we are attempting to make
ligands similar to those we observe to have high affinity for sulfate, but with appendages that will make
them very insoluble in water and soluble in n-octanol and other hydrocarbon solvents that would be
preferable for functional extraction purposes.

Amine/Amide/Thioamide/Sulfonamide-based Bicyclic Receptors. All of these receptors have now been
synthesized with both pyridine and m-xylyl spacers in some cases. With the exception of the amine



cryptands, disappointingly, these systems are more selective for the halides rather than oxo anions showing
an extremely high affinity for fluoride (log K > 5.0 for fluoride). For the amide, thioamide and sulfonamide
receptors, the finding is opposite to what is observed in the amine receptors, where very high binding with
sulfate is observed in water. Crystal structures of several inclusion complexes of sulfate have been
obtained, including one in an amine cryptand and another in an amide cryptand. These structures, along
with the sandwich structure seen for the monocycle provide very significant insight to binding propensities
of sulfate. The amine cryptand binds sulfate internally via five hydrogen bonds. This receptor is totally
protonated (+8 charge) and has a m-xylyl spacer. Thus it is not subject to preorganization as could be
provided by a pyridine spacer, and there are six hydrogen bonding sites that are not utilized by binding with
the sulfate, i.e., inefficient coordination. On the other hand the amide cryptand is preorganized because of
pyridine spacers. It is dipositively charged and is thus perfectly suited for binding sulfate in terms of charge
complementarity. Insight to Corollaries between the Coordination Chemistries of Transition Metals and
Anions. Over the period of funding of this project, we have achieved a significant catalog of crystal
structure data, which allows us to understand the chemistry of anion binding with synthetic receptors. It is
now obvious that anion complexes also bind in a fashion that achieves a certain coordination number with a
common geometrical shape. We have observed coordination numbers from one through nine, each being
able to be described in a common geometry. In fact, for sulfate we now see three geometries, square prism
for the sandwich complex, trigonal bipyramid for the amine cryptand, and dicapped trigonal prism for the
amide cryptand. To our knowledge researchers in the area have not previously noted this interesting
phenomenon, i.e., as Werner stated, geometries that are derived from ?symmetrical groupings of atoms
about a centre.? (Alfred Werner Nobel Address) A paper describing the sulfate work has just been accepted
in Chemical Communications.
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