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DESIGN SYNTHESIS AND EVALUATION OF REDOX RADIOPHARMACEUTICALS: A POTENTIAL NEW
APPROACH fOR THE DEVELOPMENT OF BRAIN IMAGING~AGENTS P. C. Srivastava and F. F.
Knapp, J r . . Nuclear Medicine Group, Uak Ridge National Laboratory, Oak Ridge, TN
37831, USAl

1 2 3 I - labe led l i p o p h i l i c radiopharmaceuticals which cross the in tact blood-brain
bar r ie r and mimic regional blood flow (1) can potent ia l ly be used for scanning
bra in lesions by e i ther 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 radioipdinatedamphetamines (3)
resu l t ing in the development of p-[123I]iodo-N-isopropy1amphetamine (IMP) for
SPECT studies in humans (4) , and "pH sh i f t " agents (5) result ing in the
development of N,N,N•-tr imethyl-N'-[2-hydrjxy-3-methy1-£123Hiodobenzyl]- l ,3-
propanediamine (HIPDM) which also shows excellent properties in human studies
( 6 ) . Other promising recent advances in th is area include the development of
p.[ i23x]todophentermine (7) , radioiodinated piperazine analogues (8 ) , and 2 O l T l
complex of diethyldithiocarbamic acid (9) as potent ia l brain imaging agents.

The goals of t h i s paper are to describe the fabr icat ion (Scheme I ) and complete
evaluation of a dihydropyridine * pyridinium sa l t type redox system (10) for the
del ivery of radioiodinated agents to the brain. The work in part has been
described recently (11). For preliminary evaluation, the pivotal intermediate,
N-succinimidyl (1-methylpyridinium iodide)-3-carboxylate (IV) was prepared by
condensation of n ico t in ic acid ( I ) and N-hydroxysuccinimide ( I I ) in the presence
of dicyclohexylcarbodimide, followed by quaternization of I I I with methyl
Iodide. Coupling of IV with 4 - [ 1 2 5 I ] i odoan i l i ne , prepared by 1 2 5 I - l 2 treatment
of 4-aminophenylmercuric acetate, gave l-methyl-3-|"N-(4-ibdophenyl)carbamoyl]-
pyridinium iodide (VI I ) which a f ter sodium d i th ion i te reduction gave 1-methyl-
3-[N-(4-iodophenyl)carbamoyl]-l,4-dihydropyridine ( V I I I ) . Compound IV was also
coupled with (4-aminophenyl)ethylamine to give V which was diazotized and
sequentially transformed in to t r iaz ines V I , l -methy l -3- [N- [p- (4- [ 1 2 5 l3 iodo-
phenyl)ethyl]carbamoyl]pyridinium iodide (IX) and 1 -me thy l -3 - [N -CB- (4 - [1 2 5 I3~
iodophenyl)ethyl3carbamoyl]-l,4-dihydropyridine (X) (Scheme I ) . Compounds,
l - (E- l - [1 2 5 I ] iodo- l -penten-5-y l ) -4(2-N-acety laminoethyl )pyr id in iunr iodide (XV)
and l - (E- l - [1 2 5 l3 iodo- l -penten-5yl)-4-(2-N-acety laminoethyl)- l ,4-dihydropyr id ine
(XVI), were also prepared via the synthesis and NaC125I]-chloramine-T iodination
of XIV as shown in Scheme I I i n order to determine the re lat ive redox properties
and brain spec i f i c i t i es of new st ructura l ly modified dihydropyridine *
pyridinium agents.

Tissue d is t r ibu t ion studies of 1 2 5 I - labe led 4-iodoanil ine and the redox agents
were performed in ra ts . [ 1 2 S I ] Iodoan i l ine i n i t i a l l y showed moderate (0.58%
dose/gin) brain uptake with subsequent release of the radioact iv i ty from the
bra in . [ 1 2 5 I ] I odoan i l i ne , however, when coupled to a dihydropyridine carr ier
( V I I I ) showed s ign i f i can t l y higher (>1% dose/gm) uptake and retention in the
brain (Fig. 1 ) . The [1 2 5 I ] iodophenylethyl analogue X showed uptake (>1%
dose/gm) and retent ion in the brain very simi lar to V I I I . Apparently the
l i poph i l i c agents, V I I I and X, cross the blood-brain barr ier and are oxidized
(quaternized) w i th in the brain. The blood-brain barr ier then prevents the i r
release resul t ing in high uptake and retention in the brain and high brain:blood
rat ios (Fig. 2 ) . The nonl ipophi l ic quaternary compounds VII and IX do not cross
the blood-brain barr ier and, therefore, do not show brain uptake. Compound XVI
showed i n i t i a l moderate (0,49% dose/gm) brain uptake and quick washout from the
bra in . The differences in the properties of XVI as compared to V I I I and X could
apparently be due to the d i f ferent structural features and i n a b i l i t y of XVI to
undergo fac i le oxidation in the bra in .
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Fig. 1. Dihydropyridine coupled 4 - [ 1 2 5 I ] -
iodoaniiine agent (VIII) shows s ign i f i -
cantly higher uptake and retention in the
brain as compared to the parent 4 - [ 1 2 5 I ] -
iodoaniline independently. Agent X shows
properties similar to V I I I .
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Fig . 2. High uptake and retention
in the brain and low blood levels
of V I I I result in high brain:
blood rat ios. Agents V I I I and X
show similar properties.
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