CoNE-RuO ([ [ -- S~

Design, Synthesis and Evaluation of Redox Radiophqrmaceu@ica]s: A Potential
New Approach for the Development of Brain Imaging Agents

P. C. Srivastava and F. F. Knapp, Jr. “\S\\gﬁ
Nuclear Medicine Group
Health and Safety Research Division
Oak Ridge National Laboratory
O0ak Ridge, TN 37831 USA

CONF~8606111~-2
DE86 009462

Research supported by the Office of Health and Environmental Research, U.S.
Department of Energy, under contract DE-AC05-840R21400 with Martin Marietta
Energy Systems, Inc.

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
cace herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors cxpressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.

0
DISTRIBUTION OF THIS DOCUMENT 15 UNLIMITE

P




DESIGN, SYNTHESIS AND EVALUATION OF REDOX RADIOPHARMACEUTICALS: A POTENTIAL NEW
RPPROACH FOR THE DEVELOPMENT OF BRAIN IMAGING AGENTS P. C. Srivastava and F. F.

¥napp, dJr.. Nuclear Medicine Group, Oak Ridge National Laboratory, Oak Ridge, TN
37831, USA.

1231_1abeled lipophilic radiopharmaceuticals which cross the intact blood-brain
barrier and mimic regional blood flow (1) can potentially be used for scanning
brain lesions by either planar or single photon computerized tomographic (SPECT)
techniques (2). The strategies that have been pursued.to'develop .brain imaging
agents include the screening of a variety of Padi@iQdﬁﬂat§d §mphetam?nesx(3)
resulting in the development of p-[!23IJiodo-N-isopropylamphetamine -(IMP)- for
SPECT studies in humans (4), and “pH shift" agents (5) resulting in the
development of N,N,N'-trimethyl-N'-[2-hydr.xy-3-methyl-[1231]iodobenzy1]-1,3-
propanediamine (HIPDM) which also shows excellent properties in human studies
(6). Other promising recent advances in this area include the development of
p-L[1231Jiodophentermine (7), radioiodinated piperazine analogues (8), and 291T7 -
complex of diethyldithiocarbamic acid (9) as potential brain imaging agents.

The goals of this paper are to describe the fabrication (Scheme I) and complete
evaluation of a dihydropyridine % pyridinium salt type redox system (10) for the
delivery of radioiodinated agents to the brain. The work in part has been
described recently (11). For preliminary evaluation, the pivotal intermediate,
N-succinimidyl (l-methylpyridinium icdide)-3-carboxylate (IV) was prepared by
condensation of nicotinic acid (I) and N-hydroxysuccinimide (11)_ in the presence
of dicyclohexylcarbodimide, followed by quaternization of 111 with methyl -
iodide. Coupling of IV with 4-[1251]iodoaniline, prepared by 1251-I, treatment
of 4-aminophenylmercuric acetate, gave l-methyl-3-[N-(4-iodophenyl)carbamoyl]-
pyridinium iodide (VII) which after sodium dithionite reduction gave l-methyl-
3-[N-(4-iodophanyl)carbamoy1]-1,4-dihydropyridine (VIII). Compound IV was also
coupled with (4-aminophenyl)ethylamine to give V which was diazotized and
sequentially transformed into triazines VI, 1-methy1-3-[N-[g-(4-[12513iedo-
pheny1)ethyl]carbamoyllpyridinium iodide (IX) and l-methyl-3-[N-[s~-(4-[1251]-
jodophenyl)ethy1]lcarbamoy1]-1,4-dihydropyridine (X) (Scheme I). Compounds,
1-(E-1-[125]]iodo-1-penten-5-y1)-4(2-N-acetylaminoethyl)pyridinium iodide (XV)
and 1-(E-1-[1251}iodo-1-penten-5y1)-4-(2-N-acetylaminoethy1)-1,4-dihydropyridine
(XVI), were also prepared via the synthesis and Na[125I]-chloramine=T iodination
of XIV as shown in Scheme II in order to determine the relative redox properties

and brain specificities of new structurally modified dihydropyridine %
pyridinium agents.

Tissue distribution studies of 125I-labeled 4-iodoaniline and the redox agents
were performed in rats. [125I]Iodoaniline initially showed moderate (0.58%
dose/gm) brain uptake with subsequent release of the radioactivity from the
brain.. [125I]1odoaniline, however, when coupled te a dihydropyridine carrier
(VIII) showed significantly higher (>1% dose/gm) uptake and retention in the
brain (Fig. 1). The [125I]iodophenylethyl analogue X showed uptake (>1%
dose/gm) and retention in the brain very similar to VIII. Apparently the
lipophilic agents, VIII and X, cross the blood-brain barrier and are oxidized
(quaternized) within the brain. The blood-brain barrier then prevents their
release resulting in high uptake and retention in the brain and high brain:blood
ratios (Fig. 2). The nonlipophilic quaternary compounds VII and IX do not cross
the blood-brain barrier and, therefore, do not show brain uptake. Compound. XVI
showed initial moderate (0.49% dose/gm) brain uptake and quick washout from-the
brain. The differences in the properties of XVI as compared to VIII and X could

apparently be due to the different structural features and inability of XVI to .
undergo facile oxidation in the brain. '
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Fig. 1. Dihydropyridine coupled 4-[125]]- Fig. 2. High uptake and retention - °
iodoaniline agent (VIII) shows signifi- in the brain and Tow blood levels -
cantly higher uptake and retention in the of VIII result in high brain:
brain as compared to the parent 4-[1251]- blood ratics. Agents VIII and X
jodoaniline independently. Agent X shows show similar properties.

properties similar to VIII.
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