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1) Research Overview:

The goal of this research was on the development of new, rapid, and efficient synthetic
methods for incorporating short-lived radionuclides into agents of use in measuring dynamic
processes. The initial project period (Year 1) was focused on the preparation of stable, solid
state precursors that could be used to efficiently incorporate short-lived radioisotopes into small
molecules of use in biological applications (environmental, plant, and animal). The investigation
included development and evaluation of new methods for preparing carbon-carbon and carbon-
halogen bonds for use in constructing the substrates to be radiolabeled. The second phase
(Year 2) was focused on developing isotope incorporation techniques using the stable,
boronated polymeric precursors. The final phase (Year 3), was focused on the preparation of
specific radiolabeled agents and evaluation of their biodistribution using micro-PET and micro-
SPECT. In addition, we began the development of a new series of polymeric borane reagents
based on polyethylene glycol backbones.

| am pleased to report that the project met nearly all of the goals outlined in the original
proposal. We successfully developed appropriate new carbon-carbon bond forming reactions
that can be used to prepare substrates containing reactive functional groups for eventual
radioisotope incorporation. We synthesized and fully characterized a series of air and water
stable polymeric boronated precursors. These polymer based reagents were utilized to carry out
radioisotope incorporations in which the desired products were easily separated from the solid-
state reagents.
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The preparation of the solid state reagents is so straightforward that we anticipate
the reagents will be used by other laboratories for radiolabeling protocols. One
postdoctoral Fellow, one graduate student, and two undergraduate students were
supported by this US Department of Energy grant.

3) Potential benefits/applications of DOE funded research for DOE and other agency or
industry:

With the advent of micro-PET and micro-SPECT techniques for analyzing the dynamic function
of living systems (plants and animals), the need for simple and rapid isotope incorporation
chemistry has increased dramatically. Isotopically labeled compounds are used for real-time,
high-resolution imaging of dynamic biological processes that are relevant to energy and
environmental studies. These include elucidation of aspects of plant metabolism relevant to bio-
fuel production as well as insights into microbial metabolism. The results of this study are also
fundamentally important in the area of nuclear medicine diagnostic and/or therapeutic research.
The new chemistry provides the components for simple radiolabeling “kits” (reagents that can



be utilized by moderately skilled technicians for generating radiolabeled agents with little or no
additional manipulation). These “kits” can be used to prepare a wide variety of
radiopharmaceuticals that for use in solving problems of clinical significance.



