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RADIOIODO (Z)-1,2-BIS(4'-HYDROXYPHENYL)-1-IODO-1-PROPENE.

Flanagan, R., B.C. Lentle, D.G. McGowan, and L.I. Wiebe.

Faculty of Pharmacy & Pharmaceutical Sciences, University of Alberta,
Edmonton, Alberta T6G 2N8, and W.W. Cross Cancer Hospital, Edmonton, Alberta
T6G 122.

As part of a current project to develop radiolabelled estrogens, a series of
compounds based on the DES (diethylstilbestrol) molecule in which one of the ethyl
groups has been replaced by iodine was prepared. In accordance with the
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established (1) structure activity relationships, the remaining ethyl has been
reduced to a methyl group in order to preserve the desired steric properties of
the molecule. These derivatives have been prepared in a dihydroxy, dimethoxy and
a mixed monohydroxy monomethoxy form. The 1257 ang 1311 labelled molecules were
generated using Nal?5r or Nal3lr and a suitable precursor, and the 1287 gerivative
by neutron activation in the U of A Slowpoke reactor.
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The title compound was prepared as follows. 1,2-Bis(4'-methoxyphenyl)-2-methyl-~
ethanone IV was transformed into the hydrazide V with hydrazine hydrate. Treat-
ment of the latter with a solution of iodine in ether at R.T.(2) afforded the cis
isomer VI which was easily transformed into the trans IIT by isomerization with
U.V. light. The removal of the methoxy groups was effected with trimethylsilyl-
iodide (3) giving either I or II depending on the amount used.

Initial labelling experiments inveolved exchange labelling of I, II and III with
Nal3l1 or Nal25I in DMF. This was found to proceed slowly even at 160°C.
Eventually the reaction could be performed at 60°C in 4 hours using cuprous ion as
a catalyst. Presumably this improvement was due to the formation of an “"ate"
complex. Recently in an attempt to prepare labelled I, II and III of much higher
specific activity, the cyano and the fluoro derivatives VII and VIII were
synthesized by treatment of IIT with CuCN and AgF. Initial experiments with VIT
have resulted in the production of almost carrier free III albeit in low yleld
Initial biological experiments with I, IT and III showed each compound to have an
in vivo % life of approximately 24 hours with rapid deiodination and appreciable
excretion of radiocactivity via both biliary and urinary routes (4).

(1) J. Grundy. Chem. Rev. 48, 281 (1956).

W.H. Laarhoren, R.J.F. Nivand, and E. Hairnga. Experientia. 17, 214 (1961).

(2} J.R. Campbell, A. Pross and S. Sternhell. BAust. J. Chem. 24, 1425 (1971}.

(3) M.E. Gung and M.A. Lyster. J. Org. Chem. 42, 3761 (1977).

(4) R. Flanagan, B.C. Lentle, D.G. McGowan, and L.JI. Wiebe, presented at the
Annual Scientific Meeting, Australian and New Zealand Society of Nuclear
Medicine, Sydney, Feb. 1980.

See also J.A. Katzenellenbogen, D.F. Heiman, R. Gosuami, et al. J. Nucl. Med.

20, 671 (1979) for a recent paper in which some similar tritiated derivatives

were studied.
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Substrate Nucleophile Catalyst Temp. Time Yield
III Narl3l NONE 100°C 16 hrs <20%
+
111 Nazl3l cu 60°C 4 hrs >95%
+
i1 Narl3?! cu 60°C 8 hrs 60%
+
1 Narl3l Cu 60°C 8 hrs 50%
125 + o
III NaT Cu 60°C 4 hrs >95%
TII CuCN - 160°C 16 hrs >95%
III AgF - 160°C 16 hrs 80%
+
VI Narl3l Cu 160°C 16 hrs 0%

All reaction performed in DMF
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(" "Br)-160-BROMOESTRADIOL-178, A HIGH SPECIFIC ACTIVITY, GAMMA-EMITTING
ESTROGEN THAT SHOWS SELECTIVE, RECEPTOR-MEDIATED UPTAKE BY UTERUS AND DMBA-
INDUCED MAMMARY TUMORS IN RATS

J. A. Katzenellenbogen*, S. G. Senderoff*, M. J. Welchf, K. D. McElvaanr
*School of Chemical Sciences, University of Illinois, Urbana, Illinois 61801;
TMallinckrodt Institute of Radiology, Washington University School of Medicine,
St. Louis, Missouri 63110.

16g-Bromoestradiol-178 (16aBr-E,178) is synthesized from estrone 3-acetate-
17-enol acetate (E,(OAc) )(l) by treatment with bromine-acetic acid in buffered
diethyl ether for }5 m1n at 0° C producing l6o-bromoestrone-3-acetate (16a-E
0Ac) (2) which is subsequently reduced with LiAlH,; in THF at 0° C to give a
1.7 ¢ 1 mixture of 16aBr-E,178 and 16aBr-E,170.(3) These epimeric alcohols are
readily separable by chromatography on 51%1ca gel.

Binding to the estrogen receptor, determined by competition with (BH) estradiol-
178 (E,-178) (in lamb uterine cytosol) indicates affinities of 125% for

l6aBr—E 178 and 5.57% fog lédBr E,170 relative to that of estradiol-178 (100%
represents K of 3 x 10 %ased on our empirical model for non-receptor
binding (4),al6aBr E217B is expected to have a binding selectivity (distribution
between receptor versus non-receptor binding sites) comparable to that of E2—178.

The synthesis of (77Br)16aBr—E2178 followed that of the unlabeled material, as
outlined in Figure 1. E,{(DAc), in acetate-buffered THF-Et,0 at room temperature
was mixed with Na’’Br (produceg by spallation at the Los Aiamos Meson Physics
Facility (5)), 30%Z H 0y and glacial acetic acid. Organic incorporation of the
778r was 65-80% complete within 3 hours. Analytical hplc after work-up shows

a single radioactive peak corresponding to 160Br-E OAc. This material was reduced
with a clarified LiAlH4 solution in THF for 10 min at -78° C, followed by
quenching with THF-ethyl acetate (1:1) at -78° C, to winimize reductive and
hydrogenolytic debromination. The resulting epimeric alcohols were separated

by hplc on a Whatman PARTISIL M-9 column to yield 75% (77Br)l6aBr E,178 and

25% (77Br)160Br- -E,170. The separation allows the isolation of (77BE)160Br- E, 178
with no impurities detectable by ultraviolet absorbance or radioactivity.

Tissue uptake studies were done in immature (25 day) Sprague-Dawley rats and
mature (110-130 day) Sprague-Dawley rats bearing mammary adenocarcinoma (induced
by intravenous injection of 5 mg 7,12-dimethylbenz(a) anthracene (DMBA) on day 50).
The ratswere injected 1ntravenously and sacrificed after omne hour. Five immature
rats were injected with ( 7Br) 160Br-E,178; doses of 2-20 uCi were administered,
with no differences in tissue distribution. The data in Table I show the average
% injected dose per gram for each of ten tissue samples, and the ratios of counts
per gram to counts per gram of blood. Five rats were injected with 15 ug
estradiol (E -178) in addition to 20 uCi ( 7Br)l60tBr E217B As shown in Table I,
the average uterus—to-blood ratio decreases from 13.0 to 1.95 in the presence
of estradiol, confirming that the uptake of the radiolabeled estrogen is
receptor-mediated.

Four mature rats bearing mammary adenocarcinoma were injected with 20-150 uCi

(' 'Br) 16uBr E,178, and four were administered 15 ug estradiol in addition to

20 uCi ( Br)lgaBr E 17B. As shown in Table II, the presence of 15 ug estradiol
decreases the uterus—to ~blood ratio from 13.1 to 1.29, and the mammary tumor-to-
blood ratio from 6.27 to 1.00.
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In summary, the synthesis of 77Br-labeled léaBr—Ezl?B has been accomplished in
high yield. Tissue distribution studies indicate selective, receptor-mediated
uptake of this high specific activity gamma-emitting estrogen in uterus and
DMBA-induced mammary tumors in rats. An estima?; of 500 Ci/mmole for the
minimum value of the specific activity of the (°'Br)16o0Br-E,17R was determined
from the uptake of the radiolabeled estrogen in mammary tumors which contain
vl pmole estrogen receptor per gram (6), assuming a maximum of 33% receptor
saturation.

(1) Leeds, N.S., Fukushima, D. and Gallagher, T.F., J. Am. Chem. Soc., 76, 2943
(1954).

(2) Fishman, J. and Biggerstaff, W.R., J. Org. Chem.,. 23, 1190 (1958).

(3) Mueller, G.P. and Johns, W.F., J. Org. Chem., 26, 2403 (1961).

(4) Katzenellenbogen, J.A., Carlson, K.E., Heiman, D.F. and Lloyd, J.E., in
"Radiopharmaceuticals: Structure Activity Relationships", R.P. Spencer,
ed., Grune and Stratton, in press.

(5) Grant, P.M., Whipple, R.E., Bentley, G.E., et al., American Chemical Society
Meeting, Honolulu, Hawaii, 1979.

(6) Tsai, T.-L. S., Rutledge, S., Katzenellenbogen, B.S., Cancer Res., 39,
5043-5050 (1979). -

0Ac 0
’,.7-7Br'
ﬁ v 7ar LiATH,
©‘ H,0,,HOAC @ THF
o -78°
Buffer 77
250 ( Br)]6aBr—E217B OH H
(77Br)16aBr-E217o¢ H  OH

FIGURE 1. Reaction Scheme for the Synthesis of (77Br)16uBr—E217B
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TABLE I. Tissue Uptake Studies of (77Br)l6aBr—E217B in Immature Rats*

cts per gram
% ID per gram cts per gram of blood

77 77 (77Br)16uBr-E 178

( Br)l6aBr—E217B ( Br)16aBr-E217B + 15 ug Ez—l B
blood 0.49%0.12 1.00 1.00
uterus 7.83%2.20 13.0%3.4 1.95%1.24
ovaries 2.17%0.29 2.43%1.99 2.54%2.42
lung 0.58%0.08 1.15%0.19 1.20%0.46
kidney 1.23%0.28 2.18+1.42 1.39%0.79
spleen 0.31%0.03 0.5920.23 0.91%£0.35
liver 2.36%0.50 5.02%2.08 3.96%1.87
stomach 0.91+0.38 2.03%0.78 1.22%3.83
esophagus 0.85%0.87 1.19:0.51 2.33%1.51
muscle 0.67+0.22 1.19#0.51 1.07%1.14

*
five rats were injected in each case

TABLE II. Tissue Uptake Studies of (77Br)16aBr—E217B in Mature Rats
Bearing Mammary Adenocarcinoma®

Ccts per gram
cts per gram of blood

("78r)16aBr-E, 178

(’7Br)160Br-E,178 +15 ug £p-178
blood 1.00 1.00
tumor 6.272.667 1.00%0.17°
uterus 13.1%2.7 1.29%0.20
ovaries 5.10%0. 67 2.17%0.51
lung 1.27%0.12 1.25%0.11
kidney 2.48+0.46 1.43%0,12
spleen 1.23%0.12 0.99%0.11
liver 4.12%0.60 3.88%0.68
stomach 0.87%0.62 1.68%1.94
esophagus 2.3741.22 0.93%0.34
muscle 1.10%0.28 1.00%0.17

*
four rats were injected in each case

1-eight: tumors in four rats

§seven tumors in four rats
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ENHANCING RADIOCHROMATOGRAPHY SCANNING:
A PRACTICAL APPROACH

N. VINBERG AND K, KRISTENSEN,
THE ISOTOPE-PHARMACY, DK 2700 BRENSHBJ, DENMARK.

The most frequent way of measuring the radiochemical purity of a given labelled
compound still is to subject the compound to one or another form of chromatography
or electrophoresis with a subsequent scanning of the chromatogram/electrophoregram.

The different metheds for running the chromatograms/electrophoreqrams are usually
described in some detail; often a strict adherence to the described method is
necessary in order to obtain reliable, reproducible results.

The actual scanning procedure, however, has so far received only little attention.
Apart from some papers dealing with the theoretical aspects of f.ex. the importance
of a correct background subtraction (1) only little has been published in this
field, In practice, the individual laboratories have been left to do their own
instrument optimization on an empirical basis. We felt there was a need for a
Pharmacopoea standard, describing the requirements to be fulfilled by a scanning
instrument, In particular, parameters like resolution, efficiency, stray background
interference, and collimation seemed relevant.

As most chromatogram scanners today are of the moving chromatogram/fixed detector
type, an approach based on a chromatogram phantom seemed the best solution., The
requirements of such a phantom should be

1., Possibility to estimate collimator efficiency and counter resolution with
a free choice of isotopes, scanning speed, and slit width

2, Possibility to discover any lon-linear response throughout the length of
a chromatogram

3, Small sample volume(s)

4, Easeness of operation and decontamination.

With these considerations im mind we have constructed a phantom (based on an idea
from a HEW publication (2)) consisting of a perspex plate with parallel, 1 mm wide
and 1 mm deep grooves. The grooves are ground with varying distances symmetrically
around a median groove close to the middle of the phantom. The grooves are fitted
with a thin silicon rubber tubing, which fits snugly into the grooves. The open
ends of the tubing are fitted with standard 21G tuer injection needles (cut short)
and teflon stopcocks. The tubing may be in one length (wound in zig-zag through
the grooves) or in several lengths wound in patterns suitable for one's purpose.

When filled with a radioactive solution the pattern of tubing represents a "chroma-
togram" with "bands" of activity. With the tubing in one length the bands contain
equal amounts of activity as viewed by the detector,

We have used the phantom on 3 different scanners with different isotopes (Tc-99m,
1-131 and Na-22). The results showed great differences; in particular the resolu-
tion and stray background interference showed large variations., The results
showed large differences in scanner performance with different types of detectors
and/or collimators. The results together with a detailed description of the
scanning phantom will be presented.

(1) F.ex. Mellish, C.E.: Limits of accuracy in the determination of purity by
thin-layer and paper chrcmatography, IAEA-PL-336/1o (1970).

(2) Hine, G.J., Paras, P & Warr, C.P.: "Measurements of the performance parameters
of gamma cameras". HEW Publication (FDA 78/8049) Dec 1977.
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17.1
IN VITRO BINDING ASSAYS AS A GUIDE FOR OPTIMIZATION OF THE STRUCTURE OF STEROID
RECEPTOR-BINDING RADIOPHARMACEUTICALS: ESTIMATION OF RECEPTOR VS NON-RECEPTOR
BINDING

J. A. Katzenellenbogen, D. F. Heiman, J. E. Lloyd, and K. E. Carlson.
School of Chemical Sciences, University of Illinois, Urbana, IL 61801

The achievement of adequate target to background activity ratios with radiopharma-
ceuticals whose uptake is mediated by steroid receptors requires careful considera-
tion of the receptor concentration in the target site and the binding affinity that
the radiopharmaceutical has for the receptor and non-receptor binding proteins.
Eckelman (1) has provided a model which can be used to estimate the maximum recep-
tor-bound to free ratio that can be attained with a radiopharmaceutical, based on
its receptor binding affinity and the concentration of receptor. While it is use-
ful to know this ratio, it is more important to understand that the majority of
background activity produced by a steroid radiopharmaceutical will be due to agent
bound to non-receptor proteins rather than to free reagent. We have developed an
approach that provides a quantitative estimate of the "binding selectivity"” of a
radiopharmaceutical, i.e., its distribution between receptor vs non-receptor bind-
ing sites. This approach will be illustrated in connection with the development

of estrogen receptor-based imaging agents for human breast tumors.

Non-receptor binding for estrogens is of two types: high affinity (specific) and
low affinity (non-specific). The high affinity (serum) binders, such as sex-
steroid binding protein (SBP), show a pronounced specificity for structural and
stereochemical features of ligands, but a specificity that is different from that
of the estrogen receptor. Therefore, the binding of hormone receptor-based radio-
pharmaceuticals to these proteins can be minimized by introducing structural fea-
tures (e.g., steroidal 11B-methoxy or l70-ethynyl groups) or employing non-ster-
oidal skeletons (e.g., hexestrol) that greatly reduce binding to SBP, but do not
affect binding to the estrogen receptor. The binding to low affinity, non-receptor
proteins, such as serum albumin, shows little selectivity towards ligand structure
or stereochemistry, and studies by Hansch (2) have shown that serum albumin binding
of neutral compounds depends mainly on lipophilicity.

To extend this analysis to the type of low affinity binding likely to be encoun-
tered with steroid radiopharmaceuticals, we have measured the non-specific binding
affinity of several radiolabeled steroids and steroid analogs in uterine cytosol
and have examined the correlation between their non-specific binding index (nk)

and various estimates of their lipophilicity (measured or calculated octanol-water
partition coefficients (P); reverse phase chromatographic capacity factors). The
most satisfactory relationship (equation 1) was obtained using P calculated accord-
ing to the fragment method of Rekker (3).

cytosol

log nk = 0.438 log P(f)c - 2.11 [N §

alc

It is particularly convenient to express the non-specific binding of a compound
(NSB) relative to that of the parent estrogen estradiol (equation 2). This equa-
tion can be used to calculate the NSB of any new estrogen derivative.

compound

0.438 [log P(f) EStradlol]

0.438 [1log P(£)

log NSB - log P(f)

compound _ ;4 441 )

]

In addition, we propose to use the ratio of the receptor binding affinity of an
estrogen radiopharmaceutical (RBA = Kgompound/Kaestradlol) to its non-specific bind-
ing (NSB) as an index of its binding selectivity (BSI).

RBA
= % ... 3
BSI NaB x 100
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The receptor binding affinity (RBA), the non-specific binding (NSB), and the bind-

ing selectivity indices (BSI) of several halogenated estrogens are given in Table
1.

It is apparent that among the estrogens bearing halogens in aromatic positions,
only those containing fluorine have respectable BSI values; even though bromo and
iodohexestrols have moderate receptor binding affinities, the aromatic halogens are
sufficiently lipophilizing to raise the NSB values of these compounds to unaccept-
able levels. The situation is different for estrogens bearing halogens at ali-
phatic positions: 1-Substituted hexestrols all have quite high receptor binding
affinities, although the NSB values for the bromc and iodo analogs remain quite
high. The D-ring bromo and iodo estradiols have some of the highest Binding
Selectivity Indices (BSI): their affinities for receptor are very good and intro-
duction of the halogen at an aliphatic ring position causes only a moderate
increase in NSB. While comprehensive, controlled, in vivo tissue distribution data
on these compounds are not yet available, the data that do exist (4-7) support the
use of the binding selectivity index as an appropriate means for estimating target

to background ratios for steroid radiopharmaceuticals based on the estrogen recep-
tor.

(1) Eckelman W.C., Reba R.C., Gibson R.E., Rzeszotarski W.J., Vieras F., Mazaitis
J.K., and Francis B., J. Nucl Med. 20, 350 (1979) .

(2) Helmer F., Kiehs K., and Hansch C., Biochemistry 7, 2858 (1968).

(3) Rekker R.F., "The Hydrophobic Fragmental Constant", Elsevier North Holland,
New York, 1978.

(4) Katzenellenbogen J.A., Hsiung H.M., Carlson K.E., McGuire W.L., Kraay R.J.,
and Katzenellenbogen B.S., Biochemistry 14, 1742 (1975).

(5) Komai T., Eckelman W.C., Johnsonbaugh R.E., Mazaitis A., Kubota H., and Reba
R.C., J. Nucl. Med. 18, 360 (1977).

(6) Hochberg R.B., Science 205, 1138 (1979).

(7) Mazaitis J.K., Gibson R.E., Komai T., Eckelman W.C., Francis B., Reba R.C.,
J. Nucl. Med. 21,142 (1980).
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Table 1. Receptor Binding Affinity (RBA), Non-Specific Binding (NSB), and Binding
Selectivity Indices (BSI) of Halogenated Estrogen Derivatives.

Aromatic Ring Rac2x100% NSBE- BSIS
Halogenated Estrogens X Y (E2=100) (E2=1) (E2=100)
OH F H 101 1.24 81
H F 128 1.24 103

. Br H 1.2 2.71 0.44
H Br 10 2.71 3.7

Y
X Y
F H 240 3.30 73
Br H 13 7.21 2.6
I H 14 9.72 1.4
H F 75 3.30 23
H I 29 9.72 3.0
Aliphatic
Halogenated Estrogens R R' X
=0 (a)Br 3.5 0.92 3.8
=0 (B)Br 0.92
OH H (0)Br 125 1.52 82
OH H (B)Br 5.5 1.52 3.6
OH H (1) I 150 2.19 68
OH H (&)1 57 2.19 26
F 127 1.43 89
Br 65 3.10 21
I 60 4.45 13
22ac = ratio of association constants: K:ompound/K:stradlol x 100.

b e s : .
—NSB = non-specific binding, calculated according to equation 2.

Spst = binding selectivity index = RAC x 100%/NSB; by definition, for estradiol,
BSI=100.
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17.2
IDENTIFIABILITY OF KINETIC MODELS FOR IN VIVO RECEPTOR SYSTEMS

D.R. Vera, A.J. Thomas, P.0. Scheibe, K.A. Krohn
Department of Radiology, University of California Medical Center, Sacramento, CA
95817

Among the many mechanisms for radiopharmaceutical localization, receptor mediation
currently has an exciting potential. Receptors transfer blood-borne radioindica-
tors into the molecular biological realm of metabolism where many disease
processes begin. Many researchers are now asking how external measurement of the
time-dependent distribution of gamma-emitting receptor ligands can be used to
estimate such important physiological properties as receptor concentrations,
ligand-receptor binding constants and metabolic rates in addition to hemodynamic
parameters. The latter govern delivery of the tracer to the receptor site and

are thus prerequisite to localization. A successful design strategy for receptor-
based radiopharmaceuticals must allow the experimenter to differentiate affects

of blood flow from those of receptor binding, for without proper design, the
tracer's fate could be determined solely by organ blood flow.

Consider the kinetic scheme illustrated in figure 1. The ligand dose {Ls moles)
injected into the blood may reversibly communicate via blood flow (Q ml/min) with
the blood of the target organ. Once at the reaction site the ligand may reversi-
bly combine with a fixed but unknown number of available receptors to form a
ligand-receptor complex (C moles). The reaction sequence may continue in the
forward direction to produce a metabolic product (P moles). The kinetics of this
model can be described by the set of differential equations. Because of the
second-order nature of the ligand-receptor interaction, the set will be nonlinear.
The degree of non-linearity will depend upon the ratio of Tigand dose (L& moles)
to the total number of receptors (R moles). When this ratio is below 1%, the
initial condition used in most radiotracer studies, pseudo-first-order kinetics
results: dR/dt is zero and kpR can be replaced by k. The binding rate constant
and the receptor concentration are now mathematically inseparable. Thus, receptor
mapping at tracer doses can be achieved only if the forward binding rate constant
is regionally and pathologically invariant.

How can ligand-receptor binding at tracer doses be used to map receptors without
blood flow being the rate-1imiting step? The range of kpR relative to Q/V' should
be chosen to allow kinetic parameters to be uniquely estimated from a set of
external observations, namely the measured radiopharmaceutical distribution
kinetics. This condition is referred to in the systems analysis literature as
identifiability (1) and depends upon the means by which the system response is
observed. In an <n vivo receptor system the target organ is viewed by a single
detector (D2) that will measure both the ligand-receptor complex (C) and the free
Tigand (L) in the blood within the organ. A second detector (D7) would be used to
monitor the labeled components (L') of blood outside of the target-organ.

Together they make up a set of observers by which the response of the system is
recorded and its parameters numerically estimated. An estimate of the magnitude
of a parameter can be made only if an alteration of its value elicits a change in
the observed response. This condition is referred to as system observability. To
investigate the range of forward binding rate constants that allow observation of
altered ligand uptake produced by changes in receptor concentration, we performed
a number of kinetic simulations of a ligand-receptor system (2) similar to that
shown in figure 1. The first set of simulations given in figure 2 reveal an
observable system, because different observer responses are produced by progressive
decreases in receptor ccencentration.

In addition to the property of observability, the model must also be identifiable;
that is the computer program must be able to a priori select a set of model para-
meters that produce a unique minimum of chi square. Standard linear algebraic
methods are used to examine an n-dimensional surface of error versus each para-
meter. The best fit occurs at the bottom of an error parabola on this surface.
If the error parabola has steep edges it will be easier to find than if it is a
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broad trough. We have quantitatively evaluated the error parabola of several
models by calculating an "identifiability index" which should ideally approach
unity for a steep or easily identifiable system.

The receptor system (Figure 1) using the rate constants listed gn figure 2 is
Jjudged to be 1dentif;ab]e with an identifiability index of 10-3. We have assumed
the collection of 10/ counts and the requirement of 95% confidence level for a

25% change in any parameter value. Given these criteria, a value of 10-3 is the
minimum for practical identification. Figure 3 illustrates a system within which
a 50% decrease in receptor population fails to produce an observable change in
either detector. The only difference between the two systems is a 1000-fold
increase in the forward binding rate constant, kp. It should be obvious that it
would be difficult to estimate the magnitude of a parameter which has no influence
upon the system's behavior. As a result, we would expect an unobservable system
to also be unidentifiable. This is confirmed by the computed identifiability
index of 10-6 and is numerically unidentifiable regardless of observer precision.
A value of 10-6 is within the range of computational noise. Note the expected
rate Timiting kinetics indicated by the altered response to a 25% decrease in
organ blood flow (Q).

In order to more generally apply the above results we have found it helpful to
relate the identifiability index of the ligand-receptor model to the ratioc of

the pseudo-first order rate constant (kpR) to the forward first order hemodynamic
transfer constant (Q/v'),

Model (sec'm§$ )'1 %?%T Ident;:;zg1]1ty
HBP (2) 5.0 x 103 5.1 x 1071 1073

5.0 X 106 5.1 x 10° 1076
MONB (3) 8.3 X 1¢8 2.8 X 10° 1075
Spiperone (4) 3.2 x 18 1.2 x 10t 1077
Haloperidol (4) 9.8 X 10° 1.8 x 10! 1073

In conclusion, given the classical ideal radiopharmaceutical reguirements of high
target to background, low radiation dose and low extratarget uptake, a tracer
radioligand can be used to map receptor sites providing the forward rate constants
governing the transfer and binding of the ligand are of the same order of magnitude
and that the binding rate constant is regionally and pathologically invariant.

(1) Grewal M.S. and Glover K., IEEE Transactions on Automatic Control AC-21:
833 (1976).

(2) Vera D.R., Krohn K.A. and Stadalnik R.C. in "Radiopharmaceuticals II: Proc.
2nd Int. Symp. Seattle", Sodd V.J., Allen D.R., Hoagland D.R., Ice R.D.,
eds., Society of Nuclear Medicine, New York, 1979, p. 565.

(3) Gibson R.E., Eckelman W.C., Vieras F., et al., J. Nucl. Med. 20:865 (1979).

(4) Leysen J.E., Gommeren W. and Laduron P.M., Biochem. Pharmacol. 27:307 (1978).
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17.3
(gngc)-NEOGALACTOALBUMIN: A GENERAL MODEL FOR SOME BIFUNCTIONAL CARBOHYDRATES

K.A. Krohn, D.R. Vera, S.M. Steffen.
Department of Radiology, University of California Medical Center, Sacramento, CA
95817.

Carbohydrates covalently attached to polypeptide chains form a class of molecules,
glycoproteins, that is widely distributed in nature. Because glycosidic bonds
allow extensive structural branching that is unimportant in peptide bonding, the
number of conceivable oligosaccharide configurations is large compared to that for
polypeptides. This class of molecules is important in nature because cell-surface
glycoproteins, with their highly variable arrangements of sugar structures, serve
as identifying markers that allow cells to uniquely distinguish individual chemi-
cal structures via an electrostatic "lock-and-key" interaction with matching glyco-
proteins. We are convinced that the chemical specificity encoded in carbohydrate
structures can be exploited to develop new receptor binding tracers that will be
useful tissue-specific radiodiagnostic agents. The general developmental scheme
involves identifying receptors on the cell surface that are unique to the tissue
of interest and then labeling the matching receptor Tigand. In this paper we will
describe our application of this concept to ligands for hepatic binding protein
(HBP), specifically (99™Tc)-neogalactoalbumin, and offer some general comments on
the applicability of synthetic bifunctional carbohydrates to other cell receptors.

In recent years researchers have identified a hepatic pathway for the accelerated
elimination of desialylated glycoproteins. Their removal from circulation was
mediated by membrane receptors found only on hepatocytes (1). The common struc-
tural feature for all glycoprotein derivatives which were susceptible to rapid
hepatic clearance was the presence of non-reducing unmodified terminal galactose.
When asialoproteins were subjected to p-galactosidase digestion to cleave the gal-
actosyl residue, or galactose oxidase to convert C6 from an alcohol to an aldehyde,
the resulting glycoproteins showed circulatory survival times similar to their
native counterparts {1). Trypsinized asialoglycoproteins showed the same clearance
kinetics as the intact asialoglycoprotein (2), indicating the relative unimportance
of the peptide backbone in accelerated clearance. The HBP receptor is highly
specific for ligands containing exposed unmodified galactose in the appropriate
anomeric form.

Although we have successfully used Tc-99m-asialoceruloplasmin for hepatic imaging
in rabbits (3-4), its routine use in humans was inevitably limited due to a vari-
ety of practical considerations. Instead of enzymically removing terminal sialic
acid groups to expose the molecular ligand, galactose, a more clinically acceptable
analog was produced by adding the galactose unit to a human serum albumin backbone.
The coupled carbohydrate has been named neogalactoalbumin (NGA).

0f the many methods available for attaching sugars to proteins, we chose amidina-
tion using 2-imino-2-methoxyethyl-1-thioglycosides (5). It has the practical
advantages of convenience, low cost, high chemical stability, and coupling at mild
pH. Amidination is specific for primary NHy, the amidine bond and thioesters are
stable under acidic conditions (6,7) that are used for technetium labeling and the
thio-C1 ester is resistant to plasma and membrane glycosidases (7). Details of
our synthetic procedure are presented in figure 1.

The extent of sugar attachment was controlled by the molar ratic of reacting IME-
thiogalactose and albumin. We can reproducibly achieve any desired average ratio
from 3 to 40 gal/HSA. The HBP receptor binding affinity of NGA depends on the
number of galactose residues per albumin molecule and may be adjusted over several
orders of magnitude (8).

Technetium Tabeling was done by the electrolytic method of Benjamin (9) as modified
by Dworkin (10). Immediately after electrolysis (100 mA, 42 sec), 100ul of 25% NGA
was added, incubated 30 min at room temperature, neutralized, and then purified by

polyacrylamide P-2 gel chromatography. Electrophoresis of the unpurified reaction

product at various times after Tabeling indicated that the product lost 5% of its

initially bound activity {90-95%) within 20 min but the remaining 90% was complete-
1y stable for several hours.
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One concern related to the use of Tc-NGA as a liver radiopharmaceutical was the
possibility of aggregation which could convert a hepatocyte agent into a reticulo-
endothelial agent. The molecular weight distribution was measured by P-300 poly-
acrylamide gel chromatography. Just prior to elution of the first peak, the col-
umn was temporarily removed from the chromatographic system and scanned. Activity
at the top of the column would indicate an aggregate which had not penetrated the
gel and any material at the void volume would suggest a high MW product which
could localize via phagocytic cells rather than by HBP binding. The elution pro-
file refiected only the smail molecular weight shift produced by multiple galac-
tose residues per HSA molecule. There was no radiopharmaceutical in the void vol-
ume or at the top of the column, indicating that the Tc-NGA was consistently free
of colloids.

With the confidence of high HBP ligand purity, Tc-NGA was injected into rabbits.

A time-activity curve generated over a precordial ROI showed rapid blood clearance,
5% remaining in circulation at 15 min. A curve over a hepatic ROI showed a comple-
mentary rapid increase involving two phases, the first related primarily to hepat-
ic blood flow and the slower second phase to receptor binding. The liver curve
peaked at about 15 min and then gradually decreased as lysosomal enzymes began to
break down the Tc-NGA. From 4-6% of the injected Tc appeared in the urinary blad-
der shortly after injection, but within 15 min this concentration started to slow-
1y rise as labeled lysosomal products (ionic Tc-99m) returned to the blood and
were excreted by glomerular filtration. The urine at 30 min contained approxi-
mately 15% of the injected dose. In all rabbits we saw a small amount of GI ac-
tivity, but gallbladders removed at 2 hrs contained 20.1% of the injected Tc.
Ligation of the common bile duct did not prevent gut localization, suggesting that
it resulted from ionic Tc in the stomach secondary to lysosomal breakdown.

We believe that Tc-99-neogalactoalbumin has the features needed for successful
cell-receptor imaging of the liver. It can be synthesized with the number of
gal/HSA required to produce the desired receptor affinity, its labeling is rapid
and efficient, it produces a tracer ligand of high purity and stability, and it
binds only to hepatocytes. Tc-NGA is different from all other liver agents in
that it accumulates in hepatocytes and stays there for sufficient time to allow
multiple images of that organ. It does not compete with bilirubin, thus its value
is independent of jaundice, and the tracer does not enter the biliary tract.

In addition to neogalactocalbumin for hepatic scintigraphy, other synthetic lectins
might be useful radiopharmaceuticals. For example, gal-g-gal-g-albumin could be
useful for imaging the myocardium (11) and mannose-g-albumin for the renal tubules
(12,13). Lectins have been identified that bind to pancreatic membrane and to
some tumor cells but the exact carbohydrate groups causing binding have not been
identified. Each of these receptor systems suggest areas for developing new
bifunctional carbohydrate radiopharmaceuticals.

(1)  Ashwell G. and Morell A., Adv. Enzymol. 41, 99 (1974).
(2) Van Den Hamer C., Morell A., Scheinberg I., Hickman J and Ashwell G.,

J. Biol. Chem. 245, 4397 (1970).
(3) Vera D.R., Krohn K.A. and Stadainik R.C., J. Nucl. Med. 19, 685 (1978).
(4) Vera D.R., Krohn K.A. and Stadalnik R.C. in "Radiopharmaceuticals II: Proc.
2nd Int. Symp. Seattle", Sodd V.J., Allen D.R., Hoogland D.R., Ice R.D.,
eds., Society of Nuclear Medicine, New York, 1979, p. 565.
Lee Y., Stowell C. and Krantz M., Biochem. 15, 3956 (1976).
Roger R. and Neilsen D., Chem. Rev. 61, 170 {1961).
Krantz M. and Lee Y., Anal. Biochem. 71, 318 (1976).
Krantz M., Holtzman N., Stowell C. and Lee Y., Biochem. 15, 3963 (1976).
Benjamin P., Int. J. Appl. Radiat. Isot. 20, 187 (1968).
Dworkin H. and Gutkowski D., J. Nucl. Med. 12, 562 {1971).
deWaard A., Hickman S., Kornfeld S., J. Biol. Chem. 251, 7581 (1976).
Stockert R.J., Morell A.G. and Scheinberg I.H., Biochim. Bijophys. Res.
Commun. 68, 988 (1976).
Baynes J. and Wold F., J. Biol. Chem. 254, 6016 (1976).
Barczai-Martos M. and Korosy F., Nature 165, 369 (1960).

Chipowsky S. and Lee Y.C., Carbohydr. Res. 31, 339 (1973).
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Figure 1. Synthesis of IME-thiogalactose and neogalactoalbumin.

20H CH20A((:) CH20AC0
_Acg0/HC104 Ac Brp/Hy0/red P AcQ
T 30-400C OAc /bac  10-200¢ Ohc A

OAc OAc
Galactose Galactose pentaacetate Acetobromo-galactose

Acetobromo-galactose is extracted with chloroform, evaporated to a syrup and
recrystallized with ether. (14) The yield is 70%.

ZOAC 20AC
A 0
Acetone c0 S- c NH-HBr
—_—
HgN’C‘NHZ reflux OAc Nz
Tetraacetyl-galactosyl-
Ac thiopseudourea
+ CICHpCH
KoC03/HaHS04
20H CH 0AC
S CHgC =NH-HC1 NaOMe AcO S-CHoCN
E 0Ac
MeOH
OAc
2-Imino-2-methoxyethyl- Cyanomethyl-tetraacetyl-thiogalactose

1-thio-B-D-galactose
(IME-thiogalactose)

This reaction sequence is described in references 5 and 15. The yield of each
step is about 75%. The cyanomethyl is the best derivative to store.

20H CH20H
| 0 |
$-CHaC=NH ¢=0 HO S-CHaC=NH =0
Me + HoN(CH,)qn -DHL8.5 Borate /o, HN(CH, ) 4 CH
2R 274y 379, 1 hr 2745
NH NH
|

OH
IME-thiogalactose Albumin (lys) Neogalactoalbumin

The neogalactoalbumin is purified by hollow-fiber dialysis against sterile saline.
It is then membrane filtered, dispensed into multidose vials and lyophilized.



94 Symposium Abstracts

17.4
(R, S)-3-QUINUCLIDINYL-4-IODOBENZILATE (4-IQNB). THE TRIAZINE APPROACH

W.J. Rzeszotarski, W.C. Eckelman, R.E. Gibson, D.A. Simms, and R.C. Reba.
Radiopharmaceutical Chemistry, George Washington University, Washington, D.C. 20037.

The development of receptor binding radiotracers for myocardial imaging depends on
a high concentration of receptor in the heart and a radioligand with a high affini-
ty for that receptor. The binding of QNB to the muscarinic cholinergic receptor
in the heart is an example of such as system. In animals heart to blood ratios of
as high as 30 are obtained using tritiated QNB (l). Based on these results the
development of a gamma emitting derivative of QNB would allow the external detec-
tion of the change in blood flow or receptors as a function of disease.

Our early attempts to synthesize 4-IQNB through a direct thallation of QNB were
unsuccessful. The second synthetic variant - the nitration of either benzilic
acid or benzil - was similarly abortive. The only successful synthetic route to
date is the one described below:

4-Aminobenzil (I) was synthesized according to a modified method of Augl and Duffy
(2) requiring six synthetic steps. The overall yield was poor (< 10%) but the
availability and inexpensiveness of the starting materials renders this approach
practicable, The 4-aminobenzil was rearranged to yield 4-aminobenzilic acid (II)
which in turn was esterified to its ethyl ester (III). The ethyl ester of 4-amino-
benzilic acid was reacted with quinuclidin-3-o0l to give the expected 4-amino-QNB
(IV). The purified 4-amino-QNB was converted to the 4-triazino-QNB (V) according
to the procedure reported by Tewson and Welch (3). Due to the numerous by products
the purification of 4-triazino QNB is tedious and requires several chromatographic
techniques.

The pure 4-triazino-QNB in a catalyzed reaction with iodide gives the expected
4-iodo-QNB (VI). The structure and purity of the 4-IQNB was ascertained by ele-
mental analysis and mass spectroscopy.

Preliminary studies using muscarinic cholinergic receptor isolated from rat heart
show that the 4-IQNB has a high affinity for the receptor.

(1) Gibson R.E., Eckelman W.C., Vieras F., et al., J. nucl. Med. 20, 865 (1979).

(2) Augl J.M., and Duffy J.V., Annu. Conf., SPI, Reinf. Plastic/Compos. Div.
Proc.,, 26th, 19D, 1 (1971).

(3) Tewson T.J., and Welch M.J., J. nucl. Med. 20, 671 (1979).
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17.5
RADIOLABELED ADRENERGIC AND MUSCARINIC BLOCKERS FOR IN VIVO STUDIES

W.C. Eckelman, R.E. Gibson, W.J. Rzeszotarski, F. Vieras, B.E. Francis, and
R.C. Reba

Radiopharmaceutical Chemistry, George Washington University, Washington, D.C.
20037

At present there are two approaches to imaging acute myocardial infarcts: (1) the
use of compounds such as T1-201 that distribute as a function of blood flow and
(2} the use of compounds that concentrate in areas of active ischemia or necrosis
such as the Tc-99m bone imaging agents. Another process that may be altered as a
function of pathologic state is the receptor binding of alpha and beta
adrenoceptor antagonists and muscarinic cholinergic receptor antagonists. From
Titerature data it appears that both the adrenoceptors and the muscarinic
receptors are present in the myocardium in detectable quantities, although this

is no guarantee that these receptors can be used as a mechanism of localization of
radiotracers. Because of the large number of pharmaca available and the low
target to blood ratio of most therapeutic drugs, we chose a single biomolecular
model to evaluate possible radiotracers (1). A combination of literature values
and in vitro experiments gives the theoretical heart to blood ratios (H/B). Two
tritium labeled alpha adrenoceptor blockers dihydroergocryptine and WB 4101 gave
theoretical heart to blood ratios of greater than one. Upon injection in rats and
guinea pigs, H/B ratios of greater than one were obtained but in vivo displacement
studies showed that the ratio was not a result of alpha adrenoceptor binding. The
two classes of compounds that these represent do not appear to be reasonable
candidates for in vivo studies because of the combination of low receptor
concentration and high nonreceptor binding. A series of beta adrenoceptor
blockers were also evaluated but only one, tritium abeled carazolol (CAR) showed
beta adrenoceptor binding in the heart based on in vivo displacement studies. A
series of eight radioiodinated compounds showed high H/B ratios but none of these
concentrated because of beta adrenoceptor binding. CAR is the first example in
vivo of detectable beta adrenoceptor binding in the heart. Because no present day
beta adrenoceptor blocking agent has an affinity constant greater than that of
CAR, this class of compounds likewise seems unsuitable for use as myocardial
receptor radiotracers. The most interesting class of compounds is the muscarinic
cholinergic blockers. We have evaluated 10 tritium and halogen labeled compounds
of which tritiated quinuclidinylbenzilate (QNB) gave H/B ratios of 30 (2).
Specific binding to the desired receptor was proved by in vivo displacement
studies. 3-lodo-4-hydroxy-QNB did not achieve high H/B ratios in spite of
theoretical values of 8 because of nonreceptor binding. Various isomers of
monoiodo QNB have high theoretical H/B ratios based on in vitro determinations of
their affinity constants and should have lower nonreceptor binding than
iodohydroxy-QNB. These iodinated compounds have been prepared and are presently
being evaluated in animals. The muscarinic receptor blockers seem to be the class
of choice because of the high receptor concentration, the high affinity constants,
and the Tow nonreceptor binding.

(1) Eckelman W.C., Reba R.C., Gibson R.E., et al., J. Nucl. Med. 20, 350 (1979).
(2). Gibson R.E., Eckelman W.C., Vieras F., et al., J. Nucl. Med. 20, 865 (1979).
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TABLE 1: In Vivo Distribution of TABLE 2: Maximal B/F Ratios of Alpha
Alpha Adrenoceptor Blocking Agents Adrenoceptor Blockers in Rats.
n Rats. Time Compound Eg Xa (M‘l) B/F
Compound (hr) ZDose/g in Heart DHE 3to 4 oM 4.2 x 108 1.5
WB 4101 1/4 .19 £ ,03 WB 4101 3to4nM 2.0 x lO9 7
2 .03 = .01
2 .05 + .01 TABLE 3: Maximal B/F Ratios for Beta
2% .04 + .00 Adrenoceptor Ligandfl(Tritium Labeled) .
DHE 1/4 .26 % .09 Compound Ky M) B/F
2 -07 £ .02 PLP 9.1 x 10’ <1
2 .09 + .05 ALP 1.2 109 <
2* -07+ .01 IPL 2.9 10° <
%100 ug Regitine EPI 6.6 l05 <1
NE 6.6 10° a
TA?L? 4: In Vivo Distribution of NH2ALP 1.4 106 <1
E;;z;zz ?ibgii:.Beta Ad;j;oceptor DHA 13 103 <1
—_— CAR 1.6 10 11.2
Compound 1/4 hr 2 hr
34 pLp .7 .3 TABLE 5: Maximal B/F Ratios for Beta
3H ALP .3 3 Adrenoceptor Ligands (Radioiodinated).
34 IPL 4 N Compound KA (M—l) B/F
S O -
3H N ALP 0.3 0 TC-PRAC 2.6 x 105 <1
3 pia 3.7 1.4 roerRAC = <
34 car 5.7 5.1 TR 2 o
PD-3 4.3 x 10 <1l
HYP 8.6 x 107 <1
TABLE 6:

In Vivo Distribution of Radioiodinated Beta Adrenoceptor Antagonists in Rats.

Heart to Blood Ratios

lZSI—TYR— 1251-TYR— 1251—TYR— lzsI—TCC— lZSI—TC— lZSI-PD—3 lZSI—TYR IZ%FHYP
PRAC BUN ALP PRAC PRAC
11.7% 2.0 3.5 5.0 11.3 2.2 4 .8
18.7F 3.2 1.8 4.0 6.2 0.8 4 1.0
*1/4 hour

+2 hour
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TABLE 7: In Vive Displacement of Radio-
labeled Beta Adrenoceptor Blockers by
Propranolol (PLP) in Guinea Pigs.

ZDose/g + SD

at 2 hr
Radiotracer Heart
1251 TYR-PRAC & PLP .10 + .02
Control .09 + .01
1251 1yr-BUN & PLP .08 £ .02
Control .06 + .02
1257 yR-ALP & PLP .30 + .06
Control .22 £ .07
4 DHA & PLP .13 % .03
Control .12 + .01
38 cAR & PLP .07 ¢ .01
Control .21 + .05
1251 wyp & PLP .13 £ .04
Control .21 + .09

TABLE 10: In Vivo Displacement of
Radiolabeled Muscarinic Cholinergic
Blockers by Atropine (ATR) at 2 hr.

%Dose/g * SD

Radiotracer Heart Species
34 MoNB & ATR .10 + .01 Rat
Control 91 £ .19 Rat

34 MATR & ATR .12 *+ .02 Guinea Pig

Control .04

I+
o
w

Guinea Pig

Symposium Abstracts

TABLE 8: Maximal B/F Ratios for
Muscarinic Cholinergic Blockers.

Compound Eﬁ B/F
QNB 7.0 x 10° 115
MQNB 2.0 x 10° 33
ATROPINE (ATR) 2.5 x 10° 4
MATR 1.0 x 0% 1.6
pBr ATR 4 x 107 <1
pBr MATR 4 x 107 <
BATR 1 x 107 a
BrB QNB 3 x 107 <1
I OH QNB 5 x 108

T OH MQNB 5 x 108 8

TABLE 9: In Vivo Distribution of

Radiolabeled Muscarinic Cholinergic

Blockers in Guinea Pigs.

Time
Compound (hr) H/B
3y MQNB 1/4 32.2
2 31.6
34 AR 1/4 1.7
2 1.8
34 MaTR 1/4 3.3
2 4.9
125; OH QNB 1/4 .3
2 A
1257 on MQNB 1/4 .5
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17.6

PREPARATION AND BIODISTRIBUTION OF THE ANTIESTROGEN [1251]IODOTAMOXIFEN

R.N. Hanson, D.E. Seitz, and G.L. Tonnesen.
Department of Chemistry, Northeastern University, Boston, MA 02115.

Radioligands for the estrogen receptor have been proposed as radiotracers for the
detection and external visualization of estrogen-dependent breast neoplasms. Al-
though most investigations have utilized radioiodinated derivatives of estradiol
or hexestrol no satisfactory agents have yet emerged from these studies. Because
of the extensive literature concerning the clinical usefulness of tamoxifen in

the treatment of breast tumors (1,2) we chose to examine a radioiodinated de-
rivative of this compound as a potential imaging agent. In addition, its chemical
structure was amenable to a novel radioiodination method which had been developed
in our laboratories (3).

The preparation of [IZSI]iodotamoxifen was achieved in two steps. The tributyltin

intermediate was obtained in high yield and high purity from the reaction of tam-
oxifen free base with sec-butyllithium followed by tributyltin chloride. Radio-
iodination with [ I]—I2 gave the desired product (4.5Ci/mmol) which was chro-
matographically indistinguishable from authentic 4-iodotamoxifen.

The radiopharmaceutical was evaluated in both adult female rats and immature
female rats (19-21 days old) the uteri of which are a rich source of estrogen
receptors. In the adult female rats, the uterus to blood concentration ratios
varied from 11:1 to 14:1 with a maximum at 6 hours., Ratios of 11l:1 to 23:1 were
observed in the immature female rats.

Ligand displacement studies to determine specific in vivo estrogen receptor
binding are currently in progress.

(1) Jordan V.C., Cancer Treatment Rep., 60, 1409 (1976).

(2) Viladin P., Bosch F.X., Benito E., et al, Cancer Treatment Rep.,
61, 899 (1977).

(3) Seitz D.E., Hanson R.N., and Tonnesen G.L., J. Organomet. Chem.,
in press.
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17.7

CARBON-11 LABELIFD MOXESTROL AND 170-METHYLESTRADIOL AS RECEPTOR BINDING
RADIOPHARMACEUTTICALS

W. Vaalburg, A. Feenstra, T. Wiegman, H.D. Beerling, S. Reiffers, A. Talma,
M.G. Woldring and H. Wynberq.

Department of Nuclear Medicine, University Hospital and Department of Organic
Chemistry, University of Groningen, Groningen, The Netherlands.

In the last decade it has been shown that the response of a mammary cancer to
endocrine therapy is correlated with the concentration of estrogen receptors in
the tumor and the binding of steroids to these receptors. Our efforts to

develop radiopharmaceuticals, which can be used for the localisation of hormone-
sensitive tumors and for the in vivo measurement of tumor response to alternations
in the hormonal environment are based on these findings.

Fram a camparative study by Raynaud et al. (1,2) of the estrogen action of
estradiol derivatives, emerged that introduction of an 17o-ethynyl group into
estradiol, decreased metabolic degradation of the hormone and increased the
affinity for the estrogen receptor, without destroying the specificity for this
receptor. They also found that the llg-methoxy derivative showed a total absence
of specific or non-specific binding to plasma proteins. This information
prompted us to investigate the potential of carbon-11 labelled 11g-methoxy-17a-
ethynylestradiol (moxestrol) as estrogen receptor binding radiopharmaceutical.

loading dose studies in mature female rats with 3H-analogue (specific activities
7 and 77 Ci/mmole) showed, 30 minutes after intravenous administration, uterus
to blood radio's of 22,0 + 7 and 19,0 + 7 respectively and an uterus uptake of
2,5+ 0,8 percent of the injected dose per gram wet tissue.

To investigate the biodistribution of 17a-methylestradiol the tritiated
derivative was prepared by methylation of 3H-estrone following a method described
previously (3). With a specific activity of 5 Ci/mmole, 30 minutes after
injection an uterus to blood ratio of 17,6 + 5,2 was found. The organ uptake was
1,2 +0,3% dose/oI( wet tissue. Fram these data we concluded that 1lC-moxestrol
(I) as well as 1lc-17a-methylestradiol (II) have potential as receptor binding
radiopharmaceuticals.

HO c="lcn HO Wey,
H,CO % .

HO HO
I 11

Campound (I) was prepared by ethynylation of 11g-methoxy estrane (4) with
llc-acetylene (5). Due to the production method of H1C=CH, rather low specific
activities could be achieved. Improvement of the specific activity is expected
after production of llC-acetylene as reported by Crouzel et al. (6). Compound
(II) was prepared with a specific activity of 6 Ci/mmole by llC-methylation of
estrone with 1 CH3L:|.

References

1) J3.P. Raynaud, M.M. Bouton, D. Gallet-Bourquin, D. Philibert, C. Tournemine
and G. Azadian-Boulanger. Molecular Pharm. 9, 520 (1973).

2) J.P. Raynaud, T. Ojasco, M.M. Bouton and D. Philibert. In : Drug Design
Vol. VII1I, chapter 4. Ed. E.J. Ariéns, Academic Press. New York (1979).

3} S. Reiffers, W. Vaalburg, T. Wiegman, H.D. Beerling-van der Molen, A.M.J.Paans,
M.G. Woldring and H. Wynberg. J. Label. Comp. Radiopharm. 16, 56 (1979).

4) Prepared fram estra-1,3,5-(10)-trien-3,118,17-triol,ll1-methylether, 17-
cyclooctyl acetate, a gift of Dr. F.J. Zeelen, Organon Scientific Development
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17.8
SYNTHESIS OF HIGH SPECIFIC ACTIVITY l8p-SPIROPERIDOL FOR DOPAMINE RECEPTOR STUDIES

M. Maeda, T. J. Tewson and M. J. Welch

Mallinckrodt Institute of Radiology, Washington University School of Medicine,
St. Louis, Missouri 63110

There is great interest in the development of' ligands labeled with shortlived posi-
tron-emitting radionuclides to map brain receptors in vivo using positron emission
tomography. The studies of most receptors necessitates the synthesis of material
with a very high degree of specific radioactivity.

We have recently developed the preparation of no carrier added 18F—aryl fluorides
using piperidyl triazenes as a source of diazonium salt (1), and further applied

to the synthesis of high specific activity 18F-haloperidol which is one of the

most potent antagonists of the dopamine receptor (2). We have also utilized this
approach to 18F-labeling of the dopamine antogonist spiroperidol (II) which has
been proposed as the ligand of choice for postsynaptic dopamine receptors in view
of its low rate of dissociation and the high percentage of specific binding as com-
pared to haloperidol when measured in vitro (3,4).

Our approach to the preparation of 18F-spiroperidol (II) which utilized the triazene
(I) is shown in the Scheme. 18p_Cesium fluoride was prepared at the Washington
University Medical School Cyclotron by the 20Ne(d,u) reaction; as has been previ-
ously reported (5). 157 Hydrogen was added to the target gas and the nucleogenic
fluorine atom reacts with the hydrogen to produce H18F, then passed over a silver
wool plug containing cesium carbonate to give high gpecific activity 18F-cesium
fluoride.

Initial experiments with 18F-cesium fluoride were performed by adding the silver
wool plug containing the activity to a solution of the triazene (I) in various
solvents with methanesulfonic acid or 2-mesitylenesulfonic acid and heating at

120° for 4v6 min. The reactions were also done using methanesulfonic acid and
carrier free H18F which was trapped in a MNickel tube. The fluorine-18 labeled
spiroperidol was separated from the reaction mixture by HPLC. Among solvents used,
bromobenzene proved to be the best solvent, but only 0.617% yield of no carrier
added 18F—spiroperidol was obtained. Reasons for the low yield and methods of im-
provement are being investigated and will be discussed.

(1) T. J. Tewson and M. J. Welch, J.C.S. Chem. Comm., 1149 (1979).

(2) T. J. Tewson, J. M. Welch and M. E. Raichle, Brain Research, in press, 1980.

(3) J. E. Leysen, W. Gommeren and P. M. Laduron, Biochem. Pharm., 27: 307 (1978).

(4) P. M. Laduron, P. F. M. Janssen and J. E. Leysen, Biochem. Pharm., 27: 317
(1978).

(5) T. J. Tewson, M. J. Welch and and M. E. Raichle, J. Nucl. Med., 19: 1339 (1978).
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The Formation of 18F-spiroperidol (II) from Triazenme (I)a)

Acidb) Solvent Radiochemical Yield (%)¢)
MESA CglgBT 0.5

Mad) CgHsBr 0.7

MA CF3CHOH —

MA CHCI, -

MA DMA -

MA CeHgBr 0.6

MA EGME -

MA AcOH 0.025

a) Weight of triazene was 40-80 mg, total preparation time 60-80 min.
b) MESA = 2-mesitylenesulfonic acid, MA = methanesulfonic acid.

¢) Not decay corrected.

d) Containing H18F.

0
H 0
I b
CH3CONH—@-C(CH2)3C1 —t 5 CH3CON-@-8(CH2)3b
l)NaNO2 a
2)CH,50,H OH™
0 0
8 H g NH
{ :N—N=N@C(CH2)3 1;1) e HyN (CH2)3 v/l
(1) 6 » Om ¢
CslsF
)
ﬁ NH
18
F@c(CHZ)Br g
h
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17.9
(77Br)—p—BROMO—SPIROPERIDOL AS A DOPAMINE RECEPTOR MARKER

A.M. Friedman, C.C. Huang, H. Kulmala, R. Dinerstein, R. So, M. Simonovic, and
H.Y. Meltzer.
Chemistry Division, Argonne National Laboratory, Argonne, Illinois 60439.

Neuroleptic drugs act by blocking the dopamine receptors in the brain. Spiroperidol,
one of the most potent neuroleptics in use, shows a very strong affinity for
dopamine receptors both in vivo (1,2) and in vitro (3). Since the receptor binding
interaction is a specific, saturable and reversible process, a high specific ac-
tivity of labeled ligand is essential. Because radio-labeling with 8 in an
aromatic ring usually results in a low specific activity, we have decided to in-
vestigate the use of radiobromines. Modification of the spiroperidol structure

by substituion of bromine for the para hydrogen may cause minimal change of the
biological activities.

p-Bromospiroperidol was tested for its receptor binding activity im vitro, and its
ability to stimulate prolactin secretion in vivo, as compared with its parent com-
pound. The results indicate no significant difference in the receptor binding
ability between the two compounds.

77Br-bromospiroperidol was prepared by reaction of 77Br2 with spiroperidol in a
mixture of CH,Cl, and CCl, at 0°, and was purified by reversed-phase TLC (Whatman
KClE). A specific activity of approximately 4 Ci/mol was obtained.

Distribution of the radiobrominated spiroperidol in rats showed a ratio of striatum-
to-cerebellum of 1.83 at 2 hr. A better striatum-to-cerebellum ratio would be

expected if Br-75 is used (a specific activity of 160 Ci/mol would be obtained if
the same concentration of Br-75 were present).

(Work performed under the auspices of the Division of Biological and Environmental
Research of the U. S. Department of Energy).

(1) Landuron P. and Leyson J., Biochem. Pharmacol, 26, 1003 (1977).
(2) HO1llt V. and Schubert P., Brain Research, 151, 149 (1978).

(3) Seeman P., Chan-Wong M., Tedesco J. and Wong K., Proc. Nat. Acad. Sci. USA,
72, 4376 (1975).
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17.10
SYNTHESIS AND BRAIN UPTAKE OF RADIOIODINATED ANALOGS OF CHOLINE

R.F. Dannals, H.D. Burns, L.G. Marzilli, T.E. Dannals and

H.N. Wagner, Jr.

Division of Nuclear Medicine and Department of Chemistry,

The Johns Hopkins University, 615 North Wolfe Street, Baltimore,
Maryland 21205.

The level of acetylcholine in the brain varies with the physio-
logical activity of the brain (1) and is affected by a variety of
drugs (2,3). Since the brain does not synthesize choline to any
significant extent (4,5), acetylcholine synthesis in cholinergic
nerve terminals depends upon their ability to transport choline
from extracellular sources into the nerve ending. It has been
proposed that choline acetyltransferase, the enzyme which
catalyzes the synthesis of acetylcholine from choline and acetyl-
CoA, is coupled to the high affinity choline transport system (6).
This transport system has properties which suggest that it may

be the regulating step in the synthetic pathway (7).

The intravenous administration of tritium-labeled choline has

been shown to be useful in studying the <n vivo acetylcholine
turnover in the mouse brain (8). The technique involved serial
sacrifices of laboratory animals at various time intervals and
quantification of results by liquid scintillation counting methods.
Examination of this process in the intact animal could also

yield useful information but would require that the choline
molecule be labeled with an appropriate gamma emitting isotope.

We have synthesized several iodine-containing analogs of choline
which may satisfy this requirement.

The iodomethyl ammonium analogs of choline shown in Table I were
prepared by quaternization of the appropriate amine with diiodo-
methane and were characterized by IR, PMR, and elemental analysis.
The radioactively labeled analogs were prepared by exchange

labeling diiodomethane (9) with sodium iodide-125 in methylethyl-
ketone prior to quaternization. The progress of the iodomethylation
was followed by chloroform:wster extraction of small aliquots

of each reaction mixture at 0, 30, 60, 120, and 240 minutes (see
graph). The radioiodinated products were characterized by ion
exchange chromatography and paper electrophoresis.

The results of brain uptake studies with these compounds in normal
ICR mice at various time intervals post injecticn will be discussed.

(1) Richter D. and Crossland J., Am. J. Physiol., 159, 247 (1949).
(2) Holmstedt B., Lundgren G., and Sundwall A., Life Sci., 10,

731 (1963).
(3) Pepeu G., Nature (Lond.), 200, 895 (1963).
(4) Ansell G.B. and Spanner S., '"Cholinergic Mechanisms,' P.G.
Waser (ed.), Raven Press, New York, 1975, pp. 117-129.
(58) Freeman J.J. and Jenden D.J., Life Sci., 19, 949 (1976).
(6) Barker L.A. and Mittag T.¥%., J. Pharmacol. Exp. Ther., 192,

86 (1975).

(7) Kuhar M.J. and Murrin L.C., J. Neurochemistry, 30, 15 (1978).

(8) Schuberth J., Sparf B., and Sundwall A., J. Neurochemistry, 16,
695 (1969).

(9) Huang C.C., Friedman A.M,, Rayudu G.V.8., Clark P., and
Fordham E.W., J. Nucl. Med., 19, 717 (1978).
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Table I - Iodomethyl Choline Analogs

General form:

R
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ICH2—$-(CH2)H—?H-OH
R R'
Compound R R' n
I CH3 H 1
11 CH3 CH3 1
111 CH3 H 2
Iv CHSCH2 H 1
\%
+
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OH

Graph: Reaction Yield+ vs. Time
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17.11
SELENIUM AND IODINE LABELED pH SHIFT BRAIN IMAGING AGENTS.
H.F. Kung, K. Tramposch and M. Blau.
Dept. of Nuclear Medicine, SUNY/Buffalo, VA Medical Center, Buffalo, NY 14215,

We have synthesized and studied a new group of brain imaging agents which take
advantage of the pH gradient that exists between blood (pHv7.4) and brain (intra-
cellular pHv7.0). At high pH these compounds are neutral and lipid soluble and

can freely diffuse into cells but at low pH they become charged and can no longer
diffuse out. The concentration gradient is a function of the equilibria established
by the local pH shift.

A series of Se-75 and I-125 labeled tertiary diamines was studied. The Se-75
compounds were prepared by reducing H,Se0; with NaBH, and reacting the intermediate
with the N,N-disubstituted aminoethyl chlorides. To minimize in vivo deiodination,
the radioiodine was covalently bound to an aromatic ring. A series a,a'-sub-
stituted iodo-xylenediamines was synthesized by treating the appropriate iodo-
xylene with N-bromosuccinimide and reacting the product with disubstituted amines.
Iodine-125 labeling was by exchange at elevated temperature.

Brain uptake and wash-out curves were determined in rats as a function of inherent
Tipid solubility and the change in 1ipid solubility with pH for each compound.
Regional distribution in brain tissue was studied by radioautographs of 20y

frozen sections. Partition coefficient-pH profiles and pK's were measured as well
as binding to serum proteins.

Brain uptake was as high as 3-4% of the injected dose and retention half-times as
Tong as 10-20 hours. Generally high initial uptake was related to high inherent
1lipid solubility and retention time depended on the slope of the partition coef-
ficient-pH profile. Radioautographs showed the high cortical uptake pattern charac-
teristic of brain blood flow or metabolism agents. Most compounds had low protein
binding.

Using the Henderson-Hasselbalch equation, partition coefficient-pH profiles were
calculated from the pK's and the inherent Tipid solubility. These curves matched
the experimental data closely. By changing the groups bonded to N and through
other modifications, one can design agents with any desired partition coefficient-

pH profile. Since this profile determines biological behavior, it is possible to
design agents with optimal uptake and wash-out curves.

/\ 7\ \ /
OJCHZ CHZSGCHZ CH2 N\_—/O /NCHZ CHZ SeCHz CHZ N\

MOSE DMSE

/— /7~ \
0 NCH,CH,CH,SeCH,CHLHA 0
MOSE-P

{ NeHCHSCHOLN ) :NCHZCHZSe CHZCHZN);
PIPSE DIPSE
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CHa X R
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BrainUptake (% Dose/Orgon)

Brain Uptake of I-125 Tertiary Amines

m-10M
p~1DM
m-IPIP
m-IMO

- Avg. of 3 Rats, 7 Dose/Organ

2 min 30 min 1h 2 h 6 h
2.40 2.52 2.36 2.36 1.51
1.86 1.37 1.39 1.49 0.97
1.70 1.41 1.47 1.22 0.70
2.12 0.29 0.171% 0.15 0.05

Brain Uptake of Se-75 Tertiary Amines

Avg. of 3 Rats, % Dose/Organ

e _PIPSE

DMSE

DIPSE
°

MOSE-P
—
24
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17.12
STUDIES WITH 203Hg-ESTRADIOL FOR THE DETECTION OF MAMMARY TUMORS

J.Shanil, L.M. Lieberman?, M.Cais3, Y. Josephi3 and M. Shimoni3,

1pepartment of Pharmacology, School of Pharmacy, The Hebrew University, Jerusalem,
Israel; 2Department of Radiology (Nuclear Medicine Section),University of Wisconsin
Hospitals, Madison, Wisconsin, USA and 3Denartment of Chemistry, Technion -
Israel Institute of Technology, Haifa, Israel.

Studies on the antigenicity of metallohaptens in metalloimmunoassay (1) indicated
that immunorecognition by appropriate anti-estrogen antisera for mercurated
estrogens was retained to a reasonable degree, despite the stereocelectronic

effects of the substituents (M. Cais, Y. Josephi and M. Shimoni, to be published).
Similarly, recent glycerol gradient experiments (M.R. Sherman, M. Shimoni, F.B.
Tuazon and M. Cais, to be published) demonstrated that, along with a high-level of
non-specific binding, there was a distinct specific binding of mercurated estradiol
by estrogen receptors in human breast tumor cytosols. In view of these observations,
the y-emitters 203Hg-2-chloromercury-estradiol-178 and 203Hg-4-chloromercury-
estradiol-178 were prepared as potential radiopharmaceuticals for the selective
detection of estrogen-receptor-containing mammary adenocarcinoma, and as model
substrates for similar studies with other metallohaptens (2).

The mercurated estradiols were synthesized, purified and characterized in our
laboratories. They were injected intravenously into either Sprague-Dawley female
albino rats bearing spontaneous mammary tumors, or into Fisher female albino rats
transplanted with 13762 solid mammary adenocarcinoma. The rats were divided into
groups of six each, and were decapitated 1lh, 4h, 12h, 1d, 2d and 4d after injection
of either radiochemical, at a dose of about 2 uCi/D.2 ml/rat for the first three
groups and about 4 nCi/0.2 m1/rat for the three longer time intervals. Blood was
sampled by heart puncture under 1ight ether anaesthesia, and the following organs
were completely removed : adrenals, brain, heart, kidneys, liver, lungs, inguinal
mammary glands, ovaries, anterior pituitary, spleen, stomach (emptied by pressure),
tumor and uterus. A representative sample of the Tliver, as well as a major part of
one tibia and some muscle were also counted in a gamma-spectrometer. In a further
experiment four groups of male albino rats of the “Sabra" strain (descendant of the
Wistar strain) were injected with either 2 uCi/0.2 m1/rat (three groups) or 5 uCi/
0.2 ml/rat for the fourth group, and decapitated lh, 4h, 1d and 17 days after their
iv injection. In addition to blood samples, the liver, spleen, testes, seminal
vesicle, prostate, kidneys, adrenals, inguinal mammary glands and epididimis were
excised and counted. CPM/g organ, % inj/g and % inj/organ were calculated for all
sampled organs, and organ/blood ratios were expressed graphically as a function of
time (see figure 1 for spontaneous mammary tumors).

In addition, three groups of 10 male rats each were injected with 203Hg-4-chloro=
mercury-estradiol-178, 5 uCi/0.2 mi/rat, with various (0, 10 or 20 mg/kg) doses of
4-chloromercury-estradiol-17g. The higher doses are non-physiological, and the
rational behind their mixing with the labelled drug was to evaluate the clearance
of the label as a function of the "loading" dose. Those doses were far below the
LD50 value for 4-chloromercury-estradiol-178 in the rat.

Our resu]tskhow that binding of the labelled drugs to the mammary tumors was
significantly higher than their binding to healthy mammary glands : while the
organ/blood ratio for the healthy mammary gland was about unity, a ratio of 4 (at

2 days post injection) and 14 (at 4 days post injection) was obtained for the
mammary tumors. Not unexpectedly, kidneys, liver and spleen concentrated the labels
in much higher levels than the tumors. No apparent differences could be observed
between the 2- and 4-chloromercury-estradiol-17g derivatives.

Preliminary distribution studies in healthy male rats demonstrated a gradual uptake
in their testes, seminal vesicle and prostate, but so far the peak concentration
of the label in those organs was not pinpointed. Here too, the uptake of the label
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in the kidneys, liver and spleen predominated. The LD50 of the "cold" 4-chloro=
mercury-estradiol was apparently over 20 mg/kg iv, as”“none of the rats injected
that dose died during the 17-day experiments. No higher doses could be administered,
as higher concentration than 10 mg/kg (in ethanol:propyleneglycol = 1:2) could not
be reached.

For clearance studies the retention of the label in the injected male rats was
followed up with the aid of an home-made whole-body-counter, with 6" - plastic
crystals shielded behind heavy lead bricks. The rats were counted for 17 consecutive
days, background substracted and the results calculated for decay.Our results(Fig 2)
indicate that there is a significant binding of the 1abel in the body, and that

the binding is dependent on the loading-dose : T% values were 4.86 & 16.78h when

no "cold" 4-chloromercury-estradiol-17g was injected, and 1.37 & 10.45h respectively
when 20 mg/kg were added to the labelled drug. The specificity of the binding

to the mammary tissue is being studied now in our laboratories.

(1) cais, M., Dani, S., Eden, Y., Gando1fi, 0., Horn, M., Isaacs, E.E.,
Josephi, Y., Saar, Y., Slovin, E. and Snarsky, L., Nature 270, 534 (1977).
(2) cais, M., Slovin, E. and Snarsky, L. J. Organomet. Chem. 160, 223 (1978).

OH
12
'U p—
(=]
°
o 0 1o
| 0
3 b A L-Chloromercury-
d_/ estradiol
0 i ] I
0 1 2 3 L
Days
o
— ) Fig. 2
= 1000 g
o \‘
.Q— ~ o\o
x b\o\ 5 C'
£ L. \ o~o‘0-o_oijo ]
a - .O-0-0-o
S sl \
P RN
g I A\“A SucC 20
c - ~a., nCi+20mg/kg
% "“-‘-‘.A—A—‘-‘-»A
[~ ) N T W U R T | T T

0 5 10 15 Days



112 Symposium Abstracts

17.13

LABELING OF 6-IODOCHOLESTEROL WITH I-131
Liu Bo-1li, Jin Yutai, Liu Zhenghao, Sun Zhaoxiang, Lu Gongx, Li Taihua
Division of Radiochemistry, Chemistry Dept., Beijing Normal Univ., Beijing China

In 1970, R. E. Counsell et al. (1) succeeded in imaging the adrenal with 19—131
I-cholesterol, but recently considerable attention has been focused on 6-substi-
tuted 19-norcholest-5 (10)-en steroids (2) (3). Considering the notable sta-
bility of 6-131l1-cholesterol reported by S.C. Wang (4), the authors synthesized
6-131T-cholesterol from natural cholesterocl. Its mercuration and iodination
were carried out in a similar manner as described by W. Merz (5) and R. T. Levin
(6). The 6-13LT-cholesterol obtained was subjected to trial uses in pharmaco-
logical studies and clinical diagnoses (7). Ease of preparation, simplicity of
labeling procedure, high yield, constant quality, notable stability and easy
storage are some advantages of 6-131-I-cholesterol is also a good and safe adre-
nal scanning agent.

In our work, radioiodination was achieved by the nomogeneous isotope exchange
method in n-propanol. The kinetics of simple isotope exchange reaction followed
the relation -1n(1-F) = (A) + (B) in our system, (A) and (B) indicate the
— == Rt

(a) (B)
concentrations of 6-I-cholesterol and KI respectively, R is the rate of isotope
exchange, and F is the exchange fraction at time t, our results show the linear
relation between 1n(1-F) and t with the carrier amounts of 6-I-cholesterol and
and KI of 20 mg and 0.4 mg respectively, the bath temperature being about 160°C,
the half-time of exchange 1 hour.

Effects of carrier amounts on the percentage yield of labeling and effects of
temperature (bath) on the reaction rate were studied. The optimal labeling con-
ditions were ascertained. Labeling procedure: A solution of 6-I-cholesterol
(20mg) in n-propanol (40ml) was placed in a 250 ml round bottom flask fitted
with a condenser. Then, 0.13 ml of 1 mg/ml KI solution was added; after thorough
mixing, 1 ml Nal3l I solution (50 mCi) was added. The mixture was refluxed at a
bath cool, and 40 ml of water added when the temperature was below 110°C, n-pro-
panol was removed by distillation, and the water phase extracted three times with
ether. On evaporating 6-1311_cholesterol with a specific activity of 2.4 mCi/mg
was obtained.

Thin layer chromatography was used to identify the radiochemical purity; it gave

a single spot, the Rf value of which checked very well with the single radioactive
peak. 6-131-T-cholesterol kept at room temperature for three months gave the same
TLC result as that of the newly prepared product. There was no radiolytic and
thermal dehalogenation.

References

(1) R.E. Counsell et al. Steroids, 16(3) 317 (1970).

(2) M. Kojima et al., J. Nucl. Med. 16 666 (1975).

(3) M. Kojima et al., J. of Label. Comp. and Radiopharm., 2 253 (1979).

(4) S. C. Wang et al., Radioisot. and Radia. Applic. Exhibi. Informa. Pamph.(1972).

(5) W. Merz, Z. Physiol. Chem. 154 225 (1926).

(6) R. H. Levin, et al., J. Amer. Chem. Soc., 62 (1941).

(7) Peking First Medical College and Peking Medicine and Biological Preparationms
Inspection Bureau, Report on the Pharmacological Assay of 6-13l-I-cholesterol
(1975).
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17.14
HEAVY HALOGENS AND RADIOPHARMACEUTICALS

G. Stocklin
Institut fir Chemie 1 (Nuklearchemie), Kernforschungsanlage Jilich GmbH,
D-5170 Jilich, F.R.G.

Short-lived neutron-deficient radioisotopes of bromine and iodine play
an increasingly important role in diagnostic nuclear medicine. Several
new production and labelling methods have been developed during the
past years. Bromine and iodine radiopharmaceuticals represent an alter-
native approach to probing metabolism in-vivo with short-lived "organic"
positron emitters such as !!'C, !?®N and !'®F since radiohalogen tagged
biomolecules or metabolites can in principle also be used for tracing
metabolic functions. When compared with the short-lived organic posi-
tron emitters, in particular with fluorine-18, the chemistry of bromine
and iodine is considerably simpler and some of their isotopes have more
convenient intermediate half-lives.

Among the neutron deficient bromine isotopes there are three which are
potentially useful for positron emission tomography (7*Mm:7°:,7%Br).

From these the most promising is 7°Br(T,,, = 98 min) which has recently
been groduced carrier-free with yields of 8 mCi/upAh via the

7Sas (*He,3n) ’ *Br-reaction at a compact cyclotron using 36 MeV *He-
particles. The 16 hr bromine-76 is less suitable for positron emission
tomography due to its relatively small positron emission rate (57.1 %)
and high positron energy (3.7 MeV). The longer lived y-emitter
7’Br(T./» = 56 hrs) is a useful isotope for studying slow processes
with a yY-camera equipped with a high energy collimator. Both the radio-
isotopes have recently been produced in good yields by various medium
and high energy reactions. Excitation functions and production methods
for 7°~77Br are critically reviewed. New procedures of labelling star-
ting from radiobromide have also been developed both for nucleophilic
aliphatic and electrophilic aromatic substitution. Modified succini-
mide-, hypohalite~ and chloramine-T-methods have been successfully
applied for introducing bromine practically carrier-~free into aromatic
systems while in aliphatic compounds bromine-for-iodine exchange can
be used to obtain theoretically carrier-free products. Reactions can
be carried out in solution, in the melt or via phase transfer catalysts.
Recent progress in radiobromination procedures is reviewed and new po-
tentially useful bromine radiopharmaceuticals are evaluated.

In the case of iodine-123 progress has been somewhat slower both in new
production and labelling procedures, mainly due to the fact that a
wealth of data and methods is already available for some time. The
12%pe(p,2n) 1?3 I~reaction at compact cyclotrons and the '27I(p,5n)!231~
process at high energy machines are being used as major production
methods. Other reaetions, including spallation still play a minor role.
The different processes are critically evaluated with respect to radio-
nuclidic purity and production efforts. While the number of iodine-123
radiopharmaceuticals is only slowly increasing their importance is
gaining general recognition. The development of some new '?3¥I-products
is outlined.

Application of heavy halogen labelled products to the measurement of
metabolic functions requires a detailed knowledge of the catabolic and
anabolic fate of the label in order to allow quantification of the turn-
over. The problem is discussed in the case of radiohalogen tagged fatty
acids applied to the measurement of aerobic myocardial metabolism (1).

(1) Stodecklin G., et al., Radioaktive Isotope in Klinik und Forschung
14, 151 (1980).
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17.15
FURTHER STUDIES ON PRACTICALLY CARRIER-FREE !23I-IODINATION AND

75,77Rr~BROMINATION OF AROMATIC SUBSTRATES

H.H. Coenen, A.S. El-Wetery, G. Stdcklin
Institut fiir Chemie 1 (Nuklearchemie), Kernforschungsanlage
Jilich GmbH, D-5170 Jiilich, F.R.G.

For tagging aromatic substrates with radiohalogens with high specific
activities oxidation reagents are required which produce isotopically
pure i.e. carrier-free electrophilic radiohalogen species. We have
recently demonstrated that N-chlorotetrafluorosuccinimide (NCTFS) can
be used effectively for radiobrominations of aromatic molecules star-
ting with carrier-free bromide (1). This method was now extended to
radioiodination with iodine-~123. Model experiments have been carried
out in monosubstituted benzenes. As in bromination, addition of halide
carrier in the order of 10~° to 10-! mg/ml causes an increase of the
radiochemical yield of about 50% e.g. in the toluene system. The
velocity of the iodination reaction, on the other hand, is slower than
that of the corresponding bromination, and a maximum yield of about
60% is only reached after 10 hrs using trifluorocacetic anhydride as
solvent, compared to 0.5 hrs in the case of the bromination. The
reactivity and selectivity within a series of benzene derivatives
(CgHsX,X = CH;3;,H,F and Br} {(cf. Table 1) clearly indicate a pure elec-
trophilic reaction with somewhat higher substitution yields and an en-
hanced para-selectivity when compared with the bromination reaction.

Further experiments have been carried out applying organic hypohalites
to carrier-free radiohalogenation. Organic hypohalites have recently
been used for electrophilic aromatic halogenation (2), and we have

now successfully carried out radioiodination with hypohalites of tri-
fluoroacetate or trifluoromethane sulfonate [CF3;CO,Cl1l(Br) and
CF3S03C1(Br)] in nitrobenzene. The absolute radiochemical yield and
isomeric distribution are strongly dependent on the nature of the hypo-
halite, the reaction time and temperature. In the case of CF;CO,C1l
iodination of phenol is completed within 10 min at temperatures ranging
from 100 to 210° C. With increasing temperature, absolute ortho sub-
stitution yield rises from 32% (100° C) to 52% (210° C) while the para
vield remains constant at 10% over the whole temperature range. Iodi-
nation of phenol (120° C, 40 min) e.g. gives rise to 43% para and 30%
ortho product when using CF3S03Br; with CF3S803;C1l 54% ortho and 35%
para-iodophenol are obtained. These effects are more enhanced in ani-
line. The ortho/para selectivity and the reactivity within the series
of benzene derivatives (cf. Table 2) also clearly indicate an electro-
philic substitution mechanism.

The application of these reagents using solvents other than nitrobenzene
seem to be more promising for simple one-pot syntheses. Corresponding
bromination of biomolecules such as w-phenylfatty acids have also been
carried out.

(1) Coenen H.H., Machulla H.-J., St&cklin G., J. Lab. Comp. Radiopharm.
16, 891 (1979).

(2) Hazeldine R.N., Sharpe A.G., J. Chem. Soc. 1952, 993;
Kobayashi Y., Kumadaki I., Yoshida T., J. Chem. Res. (8), 1977, 215.
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Table 1:
Iodination of benzene derivatives by NCTFS/!2?3I-iodide
(2 mg NCTFS, 0.5 ml TFA, 4 hrs, room temperature)

Substrate Radiochemical Yield Isomer Distribution¥

(H-Substitution) ortho meta para
Toluene 54.0 + 2.4 36.0 1.0 63.0
Benzene 62.3 + - - -
F~Benzene 53.6 + 2.0 0.02 98.0
Br-Benzene 39.1 + 3.7 8.0 0.04 92.0
Table 2:

Iodination of benzene derivatives by CF3S0;Cl/'23I-iodide
(5 mg CF3803C1l, 1 ml C¢HsNO,, 1 hr, 100° C)

Substrate Radiochemical Yield Isomer Distribution¥
(H-Substitution) ortho meta para
Aniline 94.0 + 6.0 13 - 87
Phenol 91.0 + 3.0 62 - 38
Anisole 56.0 + 5.6 5 - 95
Benzene 60.0 + 4.7 - - -
F-Benzene 19.0 + 4.0 6 3 21
Br-Benzene 45.0 + 4.5 18 - 82

*o + m + p = 100%, standard deviation t+ 5%
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17.16

A DIRECT METHOD FOR CARRIER-FREE RADIOHALOGENATION

D.J.Malcolme-Lawes and S.Massey
Chemistry Department, Loughborough University of Technology, Leicestershire, U.K.

While there are a number of well-documented methods for the radiohalogenation of
systems containing aromatic functions, most of these have some limitations when
applied to labelling with carrier-free radiohalogens. For example. the enzymatic
method (1) of introducing 77Br must be carried out at low pH, and is therefore
unsuitable for labelling acid-sensitive compounds.

We report on a novel method of radiohalogenation which appears to proceed rapidly
and efficiently with carrier-free radiobromine and radioiodine, occurs under very
mild conditions and leaves the labelled product in a solution from which it can be
readily isolated. Radiochemical yields obtained using a number of target
compounds will be reported; a few examples are shown in the table below.

The direct radiohalogenation method (2) is based on the passage of the halogenating
species (in the gas phase) into a solution of the target compound. While the
technique has many advantages over conventional methods of radiohalogenation (3),
probably its greatest potential arises through the absence of other chemical
reagents in the reaction vessel.

References

(1) L.C.Knight et.al. in "Radiopharmaceuticals" ed. G.Subramanian,
pub. The Society for Nuclear Medicine (1975).

(2) D.J.Malcolme-Lawes and S.Massey, J.C.S. Chem. Comm.

(3) A.F.G.Rocha and J.C.Harbert, " Textbook of Nuclear Medicine" p. 224,
pub. Lea and Febiger (1978).

Radiochemical Yields obtained following direct
77Br-bromination of selected compounds.

Target compound Radiochemical Yield %
(approximate)

Uracil 95

Tyrosine 70

Tyramine 80

2'deoxyuridine 90

Fibrinogen 80

Human Serum Albumin 90
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17.17

A RAPID AND MILD METHOD FOR LABELING FUNCTIONALLY SUBSTITUTED MOLECULES WITH
IODINE RADIONUCLIDES

G. W. Kabalka and E. E. Gooch.

Department of Chemistry, University of Tennessee, Knoxville, Tennessee 37916
T. T. Sun and L. C, Washburn.

Medical and Health Sciences Division, Oak Ridge Associated Universities, Oak
Ridge, Tennessee 37830

Iodine radioisotopes have been used extensively in nuclear medicine. The utility
of radioiodine is based on both the accessibility of a variety of useful isotopes
and the availability of reliable incorporation routes (1-3). In certain instances,
however, the classical methods for iodine incorporation are ineffective due to the
absence of appropriate starting materials or inefficient utilization of radio-
iodine.

The utility of organoborane reagents in organic synthesis has become apparent in
recent years due to the availability of a variety of functionally substituted
organoboranes (4) and the diverse transformations which they undergo (5). The
value of the organoboranes in radiopharmaceutical research lies in the fact that
the boron atom is rapidly replaced by a variety of nuclides under mild conditions.
Recently, organoborane reactions have been utilized for the incorporation of
carbon-14 (6), carbon-13 (7), and carbon-11 (8).

The rapid, regiospecific conversion of alkenes to alkyl iodides via organoboranes
has been reported using molecular iodine (9,10). The reaction proceeds via a
hydroboration - iodination sequence resulting in high yields of the product
iodide. The reaction exhibits two characteristics which reduce its utility in the

BH3 312
3RCH=CH2 —_— (RCHZCHZ)BB ﬁ§66ﬁ5+ 3RCH2CHZI + 3 Nal

syntheses of radioiodine containing pharmaceuticals. The first is the fact that
the maximum radiochemical yield is 50% (based on iodine) since one-half of the
iodine molecule is lost as iodide, The second is the required presence of strong
bases which can react with sensitive functional groups in complex molecules and
initiate dehydrohalogenation reactions.

We wish to report that the incorporation of iodine-125 (as well as other isotopes
of iodine) can be accomplished rapidly under extremely mild conditions utilizing
labeled iodine monochloride. The reaction is complete in a matter of minutes

at temperatures as low as ~78°C. The reaction is carried out using two
equivalents of the iodine monochloride which react quantitatively (NMR analysis)
with two of the three alkyl groups attached to boron.

BH5 2101
RCH=CH2 Tfﬂ_? (RCHZCH2)3B mc—* 2 RCHZCHZI

The products are isolated via chromatography on alumina using mixed hexanes as
eluting solvents.

We have synthesized a variety of functionally substituted alkyl iodides which
were isolated in high radiochemical yields (Table I).

This work was supported by the National Institutes of Health (1-~-RO1-GM-25817-02);
ORAU operates under contract number DE-ACO5-760R00033 with the U.S. Department of
Energy, Office of Health and Envirommental Research.
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Table I. Synthesis of Iodine-125-Labeled Alkyl Iodicles—'gl-’E
; . d
c Radiochemical—
Substrate Product— yield (isolated)
0
o FaVaVaN
0NN 0 I 82%

s\/‘\ 3 1
j4Re o
K Sy

I

cl
NN ¢l NN 78%

Zpeactions were run by hydroborating 30 mmol of the alkene with 10 mmol of BHseTHF
at 0°C in 10 mL of THF. Sodium acetate in methanol (30 mL of a 1.0 M solution)

as added to the mixture, followed by the dropwise addition of ICl (20 mmol).
—Activity of the ICl was 2.5 mCi/mole. Eproducts were isolated by column chroma-
tography. —Percentage yields are based on ICl added.

€9)

)

(€))
%)
(6))
(6)

€]
(8)

)

(10)

Mazaitis J. K., Gibson R. E., Komai T., Eckelman W. C., Francis B. and
Reba R. C., J. Nucl. Med., 21 142 (1980).

Reiffers S., Lambrecht R. M., Wolf A. P., Ansari A., Atkins H., J. Nucl.
Med., 17, 524 (1976).

Myers W. G., Proceedings USAEC Sym. Conf. 651111, 217 (1966).
Brown H. C., "Hydroboration'", Benjamin, New York, 1962.
Brown H. C., "Organic Synthesis via Boranes", Wiley, New York, 1975.

Kabalka G. W., Gooch E. E., Collins C. J., and Raaen V. F., J. Chem. Soc.,
Chem. Commun., 607 (1979).

Kabalka G. W., Syn. Commun., 10, 93 (1980).

Tang D. Y., Lipman A., Meyer G.-J., Wan C-N, Wolf A. P., J. Labelled, Compd.
Rad., XVI, 435 (1979).

Brown H. C. and Delue N. R., Synthesis, 114 (1976).

Kabalka G. W., Hedgecock H. C., Brown H. C., DeLue N. R., J. Am. Chem. Soc.,
98, 1290 (1976).
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17.18

ADRENAL AFFINITY AND CHOLESTEROL ESTER METABOLISM OF 6R-IODOMETHYL-19-NORCHOLEST-
5(10)-EN-3P—0OL, 3~ACETATE, AND 3-PALMITATE

K.Fukushi, T.Irie, T.ldo, and T.Nozaki
Division of Clinical Research, National Institute of Radiological Sciences,
9-1, Anagawa-4-chome, Chiba-shi (CHIBA) 260 JAPAN

Earlier studies on the structure-activity relationships of cholesterol derivatives,
have made various modifications of 3f-hydroxyl group of cholesterol. They are 3a-
OH, 3B-acetate, 3B-palmitate, 3B-halide, and 3B-methyl ether of iodo, bromo, fluoro,
seleno, and telluro derivatives of cholesterol. Counsell et al. reported that the
acetate and palmitate of 19-iodocholesterol failed to show appreciable adrenal
uptake following i.v. administration to rats (1). However, recent studies on 19-
iodocholesterol, 68-iodomethyl-19-norcholest-5(10)~-en-38~0l, and 6R-methyl-seleno—
methyl-19-norcholest-5(10)-en-3B-0l1, revealed that 3B8-OH and 3R-acetate had almost
the same adrenal uptake in rats (2,3). 19-Iodocholesterol is supposed to be subject
to in vivo esterification in dogs (4,5). In order to evaluate 3B-hydroxyl group of
iodocholesterol derivatives as tracers for cholesterol, we have prepared the title
compounds (Fig 1,I,II,III), and studied the adrenal affinity and the cholesterol
ester metabolism of them in rats and mice.

Compound (I) and (II) were prepared according tolggeda et al. (6). Reaction of (I)
with palmitoyl chloride in pyridine gave (III). I-labelled compounds were pre-
pared by the isotopic exchange reaction with Na I in acetonitrile, and were
purified by the preparative TLC on silica gel.

Kinetics of mice adrenal uptake of the above compounds is shown in Fig 2. The free
compound (I) was accumulated in the mouse adrenals more rapidly and actively than
the esters (II,III) up to one day after i.v. administration. There was about one
day lag time for 3-palmitate to be incorporated in the adrenals. But after five
days, the adrenal uptakes of free and ester compounds were almost the same.

In order to make clear the mechanism of the adrenal uptake and in situ metabolism
of the ester compound, double labelled compound, 123I-6B—iodomethyl-l9—nbrcholest-5
(10)-en-3B-0l1 acetate-[1--*C] was prepared. Mice tissue distribution data are
shown in Table 1. Adrenal I-123 radiocactivity was 27 times higher than C-14
activity at 24hr after i.v. injection. Liver and plasma C-14 activity were, also,
much lower than I-123 activity.

Following i.v. injection of the compound (I-III) to rats, lipids of the liver,
blood, and the whole adrenal glands were extracted by the Folch procedure, and were
separated into fractions by silica gel preparative TLC in the presence of a few mg
of the carrier compounds. Using the system, hexane, ether, acetic acid (75:25:2;
vols), radioactivity was detected exclusively in the following bands: origin, free
sterol fraction (Rf=0.20), acetate fraction (Rf=0.60, 1f present), and the palmi-
tate ester fraction (Rf=0.80). Radioactive palmitate fraction of iodo cholesterol
(Rf=0.80) was clearly separated from non radicactive, endogenous cholesterol ester
band (Rf=0.90). Results are summarised in Table 2. In the liver, hydrolysis of the
ester compounds occurred, and about 80Z of the radiocactivity was present in the
free sterol fraction after 24 hr following i.v.injection. On the contrary, in the
adrenal glands at 24 hr, more than 90% of the radioactivity was recovered in the
palmitate ester fraction. In the plasma, esterification of the free compound was
two or three times more active than in the liver.

From these experimental results, we conclude that both acetate and palmitate of
iodo cholesterol derivatives are transformed into the free compound by the liver
cholesterol ester hydroxylase. The free sterol is released into the blood, and

is accumulated in the adrenal glands, where it is rapidly reesterified and stored.
One of the important characteristics of the iodo cholesterol derivatives, compared
with cholesterol, is, that the main fraction of iodo compound in the plasma is in
the free form, which has the higher adrenal concentration than the ester form.
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The predominant free form in the plasma of the iodo cholesterol may be attributed
to the palsma lipoprotein binding of it. Our previous study (2) showed that iodo
cholesterol was bound mainly to LDL and VLDL, and little to HDL. It is established

)
leci

that the plasma cholesterol is present mainly in the ester form, and that
thin cholesterol acyltransferase (LCAT) esterifies more rapidly HDL bound

cholesterol than LDL bound cholesterol in vitro.

(1) Counsell R.E., Ranade V.V., Kulkarni P.G. and Afiatpuor V.V., J. nucl.
Med., 14, 777 (1973).
(2) Fukushi K., Irie T.,Nozaki T. and Kasida Y., J.Labelled Comp. & Radiopharma-
ceuticals, 16, 49 (1979).
(3) Riley A.L.M., J.Labelled Comp. & Radiopharmaceuticals, 16, 28 (1979).
(4) Blair R.J., Beierwaltes W.H., Lieberman L.M., Boyd C.M., Counsell R.E.,
Weinhold P.A. and Varma V.M., J.nucl. Med., 12, 176 (1971).
(5) Umeda F., Kato K., Ibayashi H., Maeda M. and Kojima M., Jap. J. Nucl.
Med., 14, 335 (1977).
(6) Maeda M., Kojima M., Ogawa H., Nitta K. and Ito T., Steroids, 26, 241 (1975).
(7) Glomset J.A., Janssen E.T., Kennedy R. and Dobbins J., J. Lipid Res., 7,
638 (1966).
Table 1. Mouse Tissue Distribution of 1231 and 140 from lizl—66—iodo—
methyl-19-norcholest-5(10)-en-38-0l acetete-[1-" C]
1230 p.aR* Yoo (0.A.R.)
Tissues 2 hr 6 hr 1 day 2 hr 6 hr 1 day
Adrenals 9.28 9.85 17.3 2.96 0.94 0.63
Thyroids 2.82 3.64 9.39 0.58 0.24 0.27
Liver 6.87 6.18 2.56 3.36 2.57 0.61
Kidneys 1.24 1.62 1.60 0.82 0.40 0.27
Small Imnt. 1.28 1.39 0.86 0.85 0.61 .31
Blood 4,11 2.41 1.25 3.05 0.52 0.11
* D.A.R. is % dose/g x body weight (g)/100
Table 2. Biotransformation of 6f-iodomethyl-19-norcholest-5(10)-en-
3B8-0l, 3-acetate, and 3-palmitate in Wistar Rats.
3-0H 3-Acetate 3-Palmitate
Time Tissues Free Ester Free Acetate Ester Free Ester
after dose (%) %) %) (%) %) (%) (%)
Adrenals 44 56 41 15 44
2 hr Liver 93 7 78 19 3
Plasma 89 11 27 72 1
Adrenals 14 86 12 88
6.5 hr Liver 94 6 64 36
Plasma 87 13 6 94
Adrenals 9 91 2 0 98 5 G5
24 hr Liver 92 8 77 1 21 79 21
Plasma 78 22 79 3 17 26 74
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17.19

RADIOTODINATED NORADRENALINE STORAGE ANALOGS

D.M. Wieland, L.E. Brown, T.J. Mangner, J.L. Wu, W.H. Beierwaltes,
0.D. Marsh, D.P, Swanson. University of Michigan, Ann Arbor, Michigan 48109.

Despite the physiological importance of noradrenaline as an adrenergic
transmitter, no radiopharmaceutical exists that can assess catecholamine
hormone accumulation and turnover in peripheral tissue. Uptake studies

(1) have shown that 40-60% of small intravenous doses of noradrenaline are
rapidly metabolized by catechol-0-methyltransferase (COMT) and monoamine
oxidase (MAO). Although the neuron-blocking drug guanthidine (I) shares the
same uptake, storage and release mechanisms as noradrenaline, it is not a
substrate for COMT or MAD (2). Many aralkylquanidines (3) have pharmacological
actions similar to guanethidine suggesting that radioiodinated derivatives
of these compounds might be used for functional imaging studies of tissues
with a high density of sympathetic innervation.

Ue report here: 1) a structure-distribution relationship (SDR) study of
1-125- aralkylguanidines (II), 2) evidence for their accumulation in the
catecholamine storage vesicles of the heart and adrenal {A.) medullae, 3)
imaging of the primate heart and A. medullae with I-131- and I-123-meta-
iodobenzylguanidine (M-1BG),

Nine [-125-1abeled guanidines (II) were synthesized by radioiodide exchange in
boiling water. Radiochemical yields were 90-98% with specific activities
ranging from 0.8-1.1 mCi/mg. Specific activities of 100-200 mCi/mg could be
obtained in yields of 50-60%. Purity was confirmed by both radio-TLC and
radio-HPLC.

As shown in Table I, all nine guanidines showed high, selective uptake in the
dog A. medullae. However, I-125-M-IBG (RyR2=H, n=0) showed the highest

uptake and target-to-nontarget concentration ratios. Peak A. medullae uptake
with M-IBG occurred at 2-3 days and was nearly double the respective peak
adrenocortical uptake of the clinically useful I-137-68-iodo-19-norcholesterol.

Pretreatment of dogs with reserpine, a drug known to selectively block vesicular
uptake, lowered the A. medullae uptake five-fold. Subcellular fractionation

of the A. medullae showed most of the radioactivity to be associated with the
large granule fraction. Distinct images of the A. medullae of rhesus monkeys
were obtained with I-123-M-IBG at 2 days.

Tissue distribution studies with the I-125-aralkylguanidines revealed that some
of the compounds have heart-to-blood concentration ratios (H/B) similiar to
thallium-201 (Table I). The mechanism of heart localization of I-125-M-IRG

was probed pharmacologically. Pretreatment of rats with d-amphetamine, a compound
known to both release and inhibit the uptake of noradrenaline by nerve cells,
lowers the heart concentration of I-125-M-IBG by 35-50%. Similar treatment
with reserpine Towers the heart accumulation by 30-50%. These blocking studies
suggest that the heart retention is mainly due to specific uptake in the
adrenergic neurons where it is partially trapped in the noradrenaline storage
vesicles. Dogs and rhesus monkeys gave excellent tomographic heart images from
15 min to 4 hr. using I-123-M-IBG.

Attempts to document the noradrenaline-mimicking properties of M-IBG are
continuing in hopes of building a framework for its future use as a dynamic
imaging agent. Further SDR studies and in vitro nuclear magnetic resonance
studies of guanidine labeled chromaffin granules should help delineate the mode
of retention of M-IBG in the neuronal storage vesicles.
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(1) Cooper JR, Bloom FE, and Roth RH: The Biochemical Basis of
Neuropharmacology, 2nd edition, New York, Oxford University Press,
1974, p. 133.

(2) Nickerson M, Collier B. Drugs inhibiting adrenergic nerves and structures
inneravated by them. In The Pharmacological Basis of Therapeutics,
5th edition, Goodman LS, GiTman A {eds), New York, Macmillan Pub. Co.,
1975, pp. 553-564.
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ﬁ‘” | {2
CH-(CH,) -NH-C~
N—CHZCH2NH—C—NH2 2°n NHR2
I IT
TABLE 1
SDR STUDY OF I-lZS—ARALKYLGUANIDINES*(II)
Position
of R R -
Iodine I "2 n [Adr. Med.] Time [Adr. Med.]/[Liver] H/B
ortho H H 0 2.7 24 80 8
meta H H 0 13.6 48 680 24
para H H 4] 14.3 48 320 30
meta H H 0 4.4 72 240 13
para H H 1 4,2 24 60 26
meta CH3 H 0 7.9 24 190 18
para CH3 H 0 6.2 24 35 24
ortho H CH3 0 3.6 24 55 5
3,4-DI-1I0D0 H H 0 4.9 72 115

*
Concentrations in % Kg dose/g.

" Heart-to-blood concentration ratio at 30 min.
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17.20
ADRENAL UPTAKE STUDIES OF 6#-IODOMETHYL~19~NORCHOLESTEROL ANALOGUES

Takayuki Tto, Kazuo Nitta, Hiroshi Ogawa, Hiroshi Komatsu, Shoichiro
Yamauchi, Minoru Maeda and Masaharu Kojima.

Daiichi Radioisotope Laboratories, Ltd., 10-5, 3-chome, Nihonbashi,
Chuo-ku, Tokyo 103, Japan.

It is well known that 6B-iodomethyl-l19-norcholest-5(10)-en-38-0l
(NCL-6~-I) shows higher affinity for adrenal gland than 19-iodo-
cholesterol (1-5).

To study the relationship between the structure and the adrenal

uptake of NCL~6-I, we examined adrenal uptake of iodine-131 labeled
34-hydroxy analogue (3&-OH-6-I-131) (6), 38~-methoxy analogue (3B-OMe-
6~I-131) (7), 3B-fluoro analogue (3B-F-6-I-131) (7) and 6B-iodomethyl-
19-norsitost-5(10)~en-38-01 (NST-6-I-131) (8-9), respectively.

The Figure shows the concentration of radiocactivity in rat adrenal
after administration of respective iodine-131 labeled steroids
comparing with that of NCL-6-I-131, The Table shows their tissue
distributions in adrenal, liver, lung, kidney, spleen, blood, testicle
and thyroid 7 days after the administration. The adrenal accumulation
of 34-OH-6-I-131 reported at the 2nd meeting of this symposium by us
was shown much lower value than that of NCL-6-~I-131. However, from
the result of a detailed experiment performed recently, the adrenal
uptake of 34~0H-6-I-131 was approximately half in comparison with

that of NCL-6-I-131 7 days after the injection. On the other hand,
both 38~OMe-6-I-131 and 3B-F-6~I-131 show much lower adrenal
accumulation. Therefore, the fact suggests that 38-hydroxy group in
NCL-6-1I plays an important role in the adrenal affinity.

As shown similar accumulation of NST-6-I-131 in adrenal with
NCL-6-I-131, lipoid side chain analogue at the 178-position of
NCL-6-1I should not have much influence on the adrenal affinity.

NCL-6-I-131 :  X=0H ; R=H
34-0OH-6-I-131 : X=OH(d), R=H
R 38-OMe~6-I-131 : X=OCH3 , R=H
3f-F-6-I-131 :  X=F , R=H
X NST-6-1-131 :  X=OH ’ R=C2H5
131I

(1) Kojima M., Maeda M., Ogawa H., Nitta K. and Ito T., J. nucl.
Med., 16, 666 (1975) ; idem., Chem. Pharm. Bull., 24, 2322 (1976)

(2) sarkar S.D., Beierwaltes W.H., Ice R.D., Basmadjian G.P.,
Hetzel K.R., Kennedy W.P. and Mason M.M., J. nucl. Med., 16,
1038 (1975). -

(3) Matsuura K., Kamoi I., Watanabe K., Nakayama C. and Koga I.,
Radioisotopes, 24, 780 (1975).

(4) Couch M.W. and Williams C.M., J. nucl., Med., 18, 724 (1977).

(5) sarkar S.D., Cohen E.L., Beierwaltes W.H., Ice R.D., Cooper R.
and Gold E.N., J.Clin, Endocrinol. Metab., 45, 353 (1977).

(6) Komatsu H., Maeda M., Morita H., Shimoirisa H. and Kojima M.,
J. Lab. Comp. Radiopharm., 16, 253 (1979).

(7) Komatsu H., Ito T., Shimoirisa H., Wada A., Miyoshi K., Maeda M.
and Kojima M., Yakugaku Zasshi, 99, 1044 (1979).

(8) Komatsu H., Yamauchi S., Shimoirisa H., Ito T., Maeda M. and
Kojima M., Steroids, 33, 339 (1979).

(9) Ito T., Yamauchi S., Maeda M., Komatsu H. and Kojima M., Int. J.
nucl., Med. Biol., 6, 163 (1979).
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Figure Adrenal Uptake of Iodine-131 Labeled Steroids
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Table Tissue Accumulation of Iodine-131 Labeled Steroids

Compd. Adrenal Liver Lung Kidney Spleen Blood Testicle Thyroid
NCL-G—I-l3lb) 208 0.19 0.42 0.42 0.27 0.07 0.18 80
3d-OH-6~I-131 99 0.42 0.91 0.73 0.68 0.22 0.19 91
33-OMe~6-1-131 18 0.33 0.26 0.27 0.33 0.05 0.12 86
38~F-6-I-131 3 0.49 0,29 0.27 0.24 0.05 0.10 235
NST-6-I-131 168 0.35 0,71 0.43 0.52 0.18 0.23 93

a) Percent administered dose per gram of tissues after 7 days
b) Ref. (1)
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17.21
A RAPID QUANTITATIVE METHOD FOR THE PRODUCTION OF 2 I-HTPPURAN

L.A. Hawkins, A.T. Elliott, L.J. Dyke, and F. Barker.
Department of Nuclear Medicine, St. Bartholomew's Hospital, London, EC1A 7BE. U.XK.

1231 1abelled o-iodo hippuric acid (Hippuran) has long been recognised as the
radiopharmaceutical of choice for dynamic kidney function studies in patients
using a gamma camera and associated computer system. The short half-life, 13.2
hours, absence of B-particle emission, and 159 KeV principal gamma ray, permit
high quality images of the kidney to be obtained whilst the radiation dose to the
patient is low. Until recently most commercially available sources have only
been able to produce T contaminated with longer life 1247 ang 1261 which emit
high energy gamma radiation and B-particles, resulting in an increased radiation
dose to thg kidney (1). However, since 1976, high purity 1231 produced by the
decay of 3Xe has b?eg available from the UKAEA cyclotron, Harwell. This
contains no 1241 or 1261, 4 survey of the literature revealed that most of the
methods of labelling Hippuran with 1231 (OTH) were complicated (2-6) and in our
experience gave low and variable labelling efficiencies (7). Such time consuming
and unreliable results would be unacceptable for routine use. However a later
method (8) gave reproducibly high yields in a short preparation time. This
method consisted of the addition of hippuran, CuS0, 5H,O0 and 231 in a vial and
autoclaving for 15 minutes at 121°C.

A study of the labelling process was carried out. This involved determination of
the optimum pH, and the required quantities of Hippuran and CuSO 5H20. It was
also found that o-iodo-benzoic acid (OIB) was a conteminant of 4 all
commercially available sources of hippuran at a level of about 2%. It was found
that this contaminant, in the absence of CuS0,5H. 0 was labelled preferentially
by a factor of about 7:1 compared with the hippuran. However, addition of
CuS045H20 prior to autoclaving reduced the OIB labelling to less than 1%.

A thin layer chromatography system using Benzene:Glacial Acetic Acid.Water in the
volume retios 2:2:1 with Merck 5716 TLC plates gave I(R.= 0.01) OIH(R,.=0.4-0.5)
and 0TB(0.9-1.0). Thus the OIH was clearly separated from the radiochemical
contaminants. It was found that some published labelling efficiencies for 0IH
included OIB which could not be detected by the chromatography systems used.

The method was optimised for the quantities of hippuran and CuS0,5H.0 required and
a simple one step kit produced which enabled 23I—hippuran to be4 prepared by
simple autoclaving. The labelling efficiency was consistantly above 90%.

2) Elias H., Int. J. Appl. Radiat. Isotop. 24 463 (1973)
3) Thakur M.L., and Chauser B.M., Int. J. Appl. Radiat. Isotop. 26 319 (1975)
(4% Gillet R., Cogneau M., and Mathy G., Int. J. Appl. Radiat. Isotop 27 61 (1976)
Zielinski ¥.,Robinson G.D., Bocksrucker A.V., Easton M, and Lee A.W.,
18t Int. Symposium on Radiopharmaceutical Chemistry (1976)
(6) Wanek P.M., Private Communication(1977)
(7) Barker F, M.Sc. Thesis. University of London 1978
(8) Wanek P.M., O'Brien H.A., and Kupf H.B., Society of Nuclear Medicine,
24th Annual Meeting (1977)

%1) Elliott A.T., and Britton K.E., Int. J. Appl. Radiat. Isotop 29 571 (1978)
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17.22

THE SYNTHESIS AND IN VITRO STABILITY OF ORGANIC ASTATINE COMPOUNDS

G.W.M, Visser, E.L. Diemer, F.M. Kaspersen

Institute for Nuclear Physics Research (IKO)

P.0. Box 4395

1009 AJ Amsterdam/The Netherlands
211At is of potential interest for therapeutic applications such
as selective immunosuppression. However, the instability of
electrophilic astatinated proteins limited the applicability and
has led to - in our opinion - doubtful conclusions about the
stability of the carbon-astatine bond.
With the purpose of elucidating the nature of the At-protein
bond, we are studying at this moment the stability of the carbon-
astatine bond. We have developped a mild method for the intro-
duction of astatine into (mainly) organic aromatic compounds.
This method - astatination through chloromercury compounds - is
widely applicable and a number of biomedical interesting 211At—
compounds, such as astatoaminoacids, astatopyrimidines, including
DNA and RNA and astatosteroids have been prepared in high radio-
chemical yields. The measurement of the in vitro stability under
different conditions indicated that the C-At bond is not much
weaker than the corresponding C-I bond. These findings and
preliminary measurements on At-proteins indicate that with electro-
philically astatinated proteins the astatine is bound to the

protein in some complex instead of by a covalent C-At bond.
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17.23

ELECTROPHILIC RADIOIODODESTANNYLATION AS A NEW RADIOIODINATION METHOD

R.N. Hanson, G.L. Tonnesen, W.H. McLaughlin, W.D. Bloomer, and D.E. Seitz.
Department of Chemistry, Northeastern University, Boston, MA 02115.

Current methods for direct radioiodination of aromatic organic compounds with no
carrier added using electrophilic iodine have several limitations. They require
the presence of a powerful activating group, such as a phenol or aniline, and
often yield a mixture of products which are metabolically unstable. As part of
our project to develop estrogenic radioligands it became necessary to label in
high yield and in high specific activity an aromatic group that did not contain
an activating group.

The procedure developed involves the electrophilic iododestannylation of a tri-
alkyltin aromatic intermediate (1). This intermediate can be prepared in high
yield and in high purity from the appropriately substituted aromatic ether. The
trialkyltin substitution proceeds specifically at the ortho position to give an
intermediate that can be_cleanly separated from the starting material (2). The
use of an electrophilic I-species such as I/Chloramine-T, 1251—12 or
1251—IC1, generates the desired radioiodinated product rapidly and in high radio
chemical yield (3). The specific activity depends only on the activity of the
iodinating species. Separation of the product from the trialkyltin intermediate
is clean. The location of the iodine is unambiguous, has little effect upon the
biologic activity of the compound, and is relatively stable to in vivo metabolism.

(1) Pommier J.-C., J. Organomet. Chem. Libr., 1, 161 (1976).
(2) Slocum D.W. and Sugarman D.I., Adv. Chem. Ser., 130, 222 (1974).
(3) Seitz D.E., Hanson R.N. and Tonnesen G.L., J. Organomet. Chem., in press.
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18.1

SOME BASIC ASPECTS OF TECHNETIUM RADIOPHARMACEUTICAL CHEMISTRY

K. Yoshihara.
Department of Chemistry, Faculty of Science, Tohoku University, Sendai 980, Japan.

Technetium is one of the most important elements in nuclear medicine. Demand for
technetium radiopharmaceuticals increases astonishingly for one who Knows early
days of only a small scale use of 99M0- 99 generators. A number of specialists
in radiopharmacy and in nuclear medicine and biology have developed excellent
techniques for labeling substances with techetium and found application to
diagnosis.

Because of complexity of technetium chemistry, however, some results were not
clear from the view-point of chemical identity. For example, Ikeda (1) has
recognized two kinds of technetium labeled dimercaptosuccinic compounds: one of
which shows an affinity to kidneys and the other to bones. These two could be
prepared by similar chemical procedures, sometimes as a mixture and sometimes

as one chemical species according to the change of conditions, although the
structures of the two were not yet determined. This indicates that exact
knowledges of technetium-labeled compounds in their chemical properties including
their valence states, number of ligands and degree of polymerization are
increasingly required in the recent studies on nuclear medicine using technetium.
Certainly, this is one of the important fields to be clarified by the chemists
who are working in radiopharmaceutical chemistry.

The other work to be done by the radiopharmaceutical chemists is, I believe,
presentation of new techniques of preparing technetium compounds and of new
chemical species which have possibility of application to nuclear medicine. 1In
the latter parts of this paper I would like to show you these aspects of basic
radiopharmaceutical chemistry.

Recoil implantation is known for a recent few years as a method of synthesis of
some specific substances. In the technique the system usually consists of the
powder mixture A and B. Recoll energy is used to break chemical bonds of the
atoms which undergo nuclear transformations, and allow them to escape from the
powder A and to enter into the powder B in which the recoil atoms will finally
attack the molecules to give replacement products and related degradation
products. One of the examples of this recoil implantation is synthesis of
technetium phthalocyanine which was not described in the orthodox literature.
The powder mixture of molybdenum and copper phthalocyanine (or metal-free
phthalocyanine) were irradiated with deutrons using a cyclotron (2). The
resulting product was separated by a wet method including sulfuric acid
dissolution and by a dry method including sublimation.

Mo(d,xn)Te + CuPc ————— (TcPe) T,
where Pc means a phthalocyanine skelton. The yields of the technetium complex
are shown in Table 1. Recent improvement of the irradiation assembly reduced
radiation damage of the target phthalocyanine in a form of pellet which was
cooled with water and air without use of vaccuum conditiqns.

The next example of application of a recoil method is synthesis of technetium(III)
acetylacetonate (3) which has not been known so far. Ruthenium (IIT)
acetylacetonate was irradiated with y-rays to give 99mpe ana 9Tc by the (Y,p)
reactions. The irradiated materials were submitted to sublimotographic
procedures. Figure 1 shows the results. It is obvious that Tc(III)
acetylacetonate behaves as Ru(III) acetylacetonate. When the mixture of Mo and
chromium(III) acetylacetonate is irradiated with deutrons in a cyclotron, a
technetium radioactivity peak is detected at the position of the third eluate

in the elution curve using a Sephadex C~25 column. This is assumed to be an
unknown chemical species which has the ligands less than three, although its
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identification in detail remains as a future problem.

A similar technique allows us to synthesize tris-benzoyltrifluoroacetylacetonato
Tc(III) (hitherto unknown). A mixture of ruthenium metal and tris-
benzoyltrifluoroacetylacetonato Fe(III) was irradiated with y-rays and the
irradiated mixture was subjected to sublimatographic procedures (4). A
sublimatogram shows the presence of tris-benzoyltrifluorocacetylacetonato Tc{III)
as a result of the following replacement reaction,

Ru(Y,p)Tc + Fe(bta) ———— Tc(bta) 3,

where bta denotes benzoyltrifluoroacetylacetone without one labile hydrogen atom.
In addition to Tc(bta)j, another unknown species appears in the sublimatogram,

although it is not a major component. This may be a bis-complex containing
bta-ligands.

Thus, recoil implantation (including related recoil technigues) is proved to be
effective in the synthesis of some chelate compounds of technetium. Many
systems other than those cited above are now intensively investigated.

One of the specific features of this method to be emphasized@ is the ease of
preparing tervalent technetium chelates by recoil replacement reactions.
Tervalent technetium chelate compounds are not so well known in chemistry of

technetium. Among them there would be some interesting chemical species for
radiopharmaceutical use.

(1) Ikeda, I., Thesis Kyoto University, 1979.
(2) Yoshihara, K., Wolf, G.K., Baumgartner, F., Radiochim. Acta, gl, 96 (1974).

(3) Yoshihara, K., Omori, T., Kido, H., J. Inorg. Nucl. Chem., in press.
(4) Yoshihara, K., to be published.
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18.2
PREPARATION AND BIOLOGIC EVALUATION OF LIPOPHILIC DERIVATIVES OF
Tc-99m (Sn) PYRIDOXYLIDENEPHENYLALANINE: AN APPROACH TO STRUCTURE/BIO-
DISTRIBUTION RELATIONSHIP OF TECHNETIUM COMPLEXES.

M. Kato-Azuma and M. Hazue.
Research & Development, Technical Section, NIHON MEDI-PHYSICS CO.,
LTD., 2-1, 4-chome, Takatsukasa, Takarazuka, Hyogo, JAPAN 665,

We have previously reported a stannous reducing method for the prepa-
ration of Tc-99m~labeled pyridoxylideneaminates, and selected Tc-99m
(Sn} pyridoxylideneisoleucine [Tc-99m(Sn}PI] as one of the promising
hepatobiliary imaging agents (1-5). We have continued to study the
relationship between the complexts structure and its bio-distribution
to find agents with rapid blood clearance, quick hepatobiliary trans-
port and low urinary excretion.

Recently, Yokoyama et al. reported that the valency state of Tc under
our stannous reducing method would be tetravalent and the complexes
would be mono-nuclear (6}. Our separate work (7) on some mixed-ligand
complexes in this system demonstrated that two molecules of pyridoxy-
lideneaminates would coordinate to a Tc atom., Above findings allow us
to draw a possible structure of Tc-99m(Sn)pyridoxylidenephenylalanine
[Tc-99m(Sn)P.Phe] as shown in FIG.l. This time, we evaluated some
halo- and alkyl-derivatives of phenylalanine (FIG.2) as the amino acid
constituent, so as to reveal the structure/bio-distribution relation-
ship in this system.

The preparation and the storage (frozen at -30 °C) of each kit reagent
were identical to that reported for Sn-PI (2, 5). Technetium-99m
complexes were prepared by mixing each kit reagent with an equi-
valent volume of 99MTcOZ solution and incubating for 1.5 hr at 25 °C.
A chromatographic study (silica gel TLC; MeOH:H20:MEK=9:1:10) (2)
showed that the labeling efficiency for each preparation was practi-
cally 100 %. The lipophilicity of the complexes was evaluated by the
measurement of their n-octanol/buffer partition coefficient (Do wvalue)
and their in vivo distribution was studied in Sprague-Dawley rats
(TABLE 1).

The time course distribution study (FIG.4, FIG.5) revealed that the
ortho-substituents (o-F, o-Me) were quite effective in accelerating
the hepatobiliary transport, and the opposite results were obtained
with the para-substituents (p-Cl, p-Me, p-iPr}).

A linear relationship (FIG.3) was observed between the amount of the
cumulative urinary excretion (FIG.6, FIG.7) and the Do value of the
Tc-complexes. The o-F, o~Me and m,m'-diMe derivatives fit themselves
on a lower line compared with the others; the fast hepatobiliary
transport of these three derivatives would diminish the amount of
radioactivity which go through the kidneys in the early phase, and
hence reduce the urinary excretion.

Above results allowed us to consider the structure/bio~distribution
relationship of these technetium complexes. The para-substituents ef-
fectively increase the global lipophilicity of the complex molecule
and hence reduce the urinary excretion. The ortho-substituents, on
the other hand, would interfere with the rotation of the benzene ring
and hence increase the rigidity of the complex's structure. The in-
crease in the rigidity of the structure seems to be effective in ac-
celerating the hepatobiliary transport of Tc-99m(Sn}pyridoxylidene~
phenylalanine derivatives.
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18.3
Tc-GLUCOHEPTONATE, CHEMICAL STRUCTURE AND TISSUE DISTRIBUTION

W. de Kieviet

Dept. of Nuclear Medicine

Rotterdamsch Radio- Therapeutisch Instituut

Groene Hilledijk 301 3075 EA Rotterdam, The Netherlands

99mTc-g]ucoheptonate is used in nuclear medicine as a kidney and brain imaging
agent. To establish the chemical structure of the complex carrier 99Tc was used. In
a comparative study between 99mTc-glucoheptonate and 9Tc-glucoheptonate, it was
shown by means of TLC, electrophoresis and tissue distribution studies, that
identical complexes were formed in physiological saline.

Owunwanne et al (1,2) by an ion-distribution method determined that the net charge
of 99MTc-glucoheptonate was -1. The conditions of complex formation between reduced
997¢ (reducing agent: Sn(11) and glucoheptonate were investigated by UV-Vis spectro-
scopy. Within a few seconds after reduction a red-violet 99Tc-glucoheptonate complex
is formed, which is stable in saline for more than a half year at 250C. Absorbance
is observed in the UV-Vis spectrum at 502 nm (e, =65) and 270-280 nm (g, v2800),
assigned to a d-d electron transition and a charge transfer transition respectively.
A 25x molar-excess glucoheptonate is recommended to obtain the 99Tc-glucoheptonate
complex. In order to identify the oxidation state of 99Tc in 99Tc-glucoheptonate,
9Tc05 was titrated spectrofotometrically with SnCl2 in saline in an inert nitrogen
atmosphere. The oxidation state of 99Tc proved to be +5. This agrees with the
oxidation state reported for 39Tc-gluconate(3). Tc(V) complexes frequently contain

a Te=0 unit {4-7). The existance of Tc=0 in I9Tc-glucoheptonate has been demonstrat-
ed by IR-spectoscopy (Tc=0 stretches at 930 cm=! and 970 cm™1). The IR spectrum also
demonstrated co-ordination of 99Tc by the carboxyl-oxygen of glucoheptonate.

The number of glucoheptonate ligands, which co-ordinates with one Tc(V)-ion was
investigated by a mol-ratio method. The curve of the mol-ratios glucoheptonate/
TcOL vs. absorbance at 502 nm demonstrates a bend at glucoheptonate/TcOL = 2.0.Thus
two glucoheptonate molecules co-ordinate with one Tc(V) ion. The complex can be
described as an oxobis(glucoheptonato)technetate(V) anion.

Experiments with the reducing agent NaBHj demonstrated the formation of an identical
complex, suggesting the absence of Sn(Il or IV) in the 99Tc-glucoheptonate

product. The absence of the incorporation of Sn(ll or IV) is in agreement with the
suggested structure of the Tc-gluconate complex (8). The in vivo distribution in
rats of 7?Tc-glucoheptonate complexes prepared with different agents (sn(t1) or
BHE) indicated that the presence or absence of Sn (Il or IV) did not influence

the biological behaviour.

pH measurements combined with acid and base titrations demonstrated the reaction:
Tc0j; + 2 (C7H1308)~ + Sn?* + Hy0 ~ [TcO(CyH;508) 5] + 2H* + [Sn0p(0H) ]2~

The Sn(IV) product can be a mixture of Sn(1V) hydrolysis products. !3C- and
'H-NMR studies of glucoheptonate in D70 demonstrated a linear glucoheptonate
molecule. In the complex a 5- or 6- membered ring can be formed, with the oxygen of

the carboxylgroup and the oxygen of the hydroxylgroup of C, or C3 as the donating
atoms.

By means of TLC, electrophoresis and density gradient centrifugation it was shown
that in human blood, 99™Tc-glucoheptonate is distributed in the plasma (60%),
erythrocytes (6%) and leucocytes (34%).

(1) Owunwanne A., Marinsky J.A. and Blau M.,J. Nucl Med.,17, 562 (1976).

(2) Owunwanne A., Marinsky J.A. and Blau M.,J. Labelled Comp. Radiopharm.,13,
159 (1977).

(3) Steigman J. Hwang L. and Srivastava S.,J. Labelled Comp. Rad iopharm.,13,
160 (1977).
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(4) Byrne E.F. and Smith J.E.,lnorg. Chem.,18, 1832 (1979).

(5) De Pamphilis B.V., Jones A.G., Davies M.A. and Davison A.,J. Amer. Chem.
Soc.,100, 5570 (1978).

(6) Thomas R.W., Estes G.W., Elder R.C., and Deutsch E.,J. Amer. Chem. Soc.,
101, 4581 (1979).

(7) Minze R., Radiochem. Radioanal. Lett.,30, 61 (1977).
(8) Steigman J.,Chin E.V. and Solomon N.A. J. Nucl. Med.,20, 766 (1979)
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18.4

99MT¢-Cu-EHDP, ANOTHER FORMULATION FOR SKELETAL IMAGING

N.H. Agha, A.M. Al1-Hilli, and H.A, Hassen.
Radioisotope Production Department, Nuclear Research Centre, Tuwaitha, Baghdad,
P.0. Box 765, Iraq.

Technetium-99m-labelled stannous ethane-l—hydroxy—l,1-diphosphonate(gngc-Sn—EHDP)
has been first reported as a potential radiopharmaceutical for skeletal imaging
by Yano et al.(l). After that a current of EHDP (2-4) have been used for the
skeletal evaluation and other bone lesion. Cuprous chloride has first been used
in the preparation of 99MTc-Cu-HEDSPA by Chervu et al.(5). However, the present
study entails the application for the first time the method of induced cuprous
ions in the mixture9§6) as a labelling tool for EHDP with technetium-99m. The
rapid formation of ™ c-Cu-EHDP in the mixture, suggests the probable reduction
of pertechnetate to Tc(IV), in comparison with that in 99MTe_Cu-EDTA (6).

Gelchromatography Column Scanning (GCS) technique was used for the determination
of reduced hydrolyzed-Tc-99m, free pertechnetate, and 99mT ¢ _Cu-EHDP complex (7,8).
Experimentally, the optimal concentrations of CuClz, EHDP and ascorbic acid in
the final preparation were determined and found to be not less than 0.5, 2, and
38 mg/ml respectively. The labelling yield is not less than 95%.

The study of the influence of pH value on the amount of 99Mr._Cu-EHDP fraction
shows that pH 1.6-1.7 gave the best labelling results. The GCS-profiles obtained
from samples taken at various pH values are shown in Fig.l. The formation rate
and stability of the compound were studied by analyzing the samples at different
periods of time with GCS-method, Table 1.

In vivo study of the degree of binding the 99Mre _Cu-EHDP and 99mTc-Sn-EHDP with
the plasma protein have been also performed. No significant difference was found
in the plasma protein binding of the two compounds in rats as assessed by
GCS-technique.

Comparative biokinetic studies of 99MT¢_Cu-EHDP and 99MTc-Sn-EHDP in rabbits and
mice showed a high bone uptake and fast elimination 8f 99mTe_Cu-EHDP from the
skeleton. The clearance rate of 99MTc-Cu-EHDP and 9°™Tc-Sn-EHDP from the blood
seems relatively the same.

On the basis of the high bone uptake of 9ngc-Cu—EHDP in rabbits and mice, the
possible explanation is releated to the copper which has itself a greater
affinity for bone than tin and not to the reduced technetium-99m.

(3} Yano Y., McRae J., VanDyke D.C., J. nucl. Med., 13, 480 (1972).

(2) Subramanian G., McAfee J.G., Blair R.J., Mehter A., and Connor T., J. nucl.
Med., 13, 947 (1972).

(3) Castronovo F.P.,, Callahan R.J., J. nucl., Med., 13, 823 (1972).

(4) Yano Y., McRae J., VanDyke D.C. and Anger H.O., J. nucl. Med., 14, 73 (1973).

(5) Chervu L.R., Quimat R.G. and Blaufox M.D., J. nucl. Med. (Abst.), 16,520 (1975).

(6) Agha N.H., Al-Hilli A.M. and Hassen H.A., Int. J. Appl. Radiat. Tsotop., 30,
353 (1979).

(7) Persson R.B.R. and Strand S.E., In Radiopharmaceuticals and labelled
compounds, IAEA, Vienna, 1, 169 (1973).

{8) Persson R.B.R., In Proc. Int. Symp. Radiopharmaceuticals, 1974, Atlanta, Ga.,
USA. Soc. nucl. Med. (N.Y.) 228 (1975).
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Table 1. The formation rate and stability of 99m’l‘chquI-[DP complex as function
of time using GCS-method.

Time after Percent of 99"‘1"c«~activity corresponding to
mixing reduced Tcna 99MT¢ -Cu-EHDP
(min) hydrolyzed-gngc

3 1.4 4,2 94.3
5 1.3 3.7 94.8
10 1.3 3.2 95.5
15 1.3 3.4 95.1
30 0.9 2.8 96.2
60 1.3 2.8 95.9
120 1.4 2.7 95.8
240 1.5 2.7 95.8
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18.5
TECHNETIUM 99m EXCHANGE BETWEEN HUMAN SERUM ALBUMIN AND PYROPHOSPHATE
M.W. Billinghurst, N. Dupuis.

Section of Nuclear Medicine, Health Sciences Centre, 700 'William Avenue,
Winnipeg, Manitoba R3E 023

This paper is a report of an investigation into the transfer of technetium
between human serum albumin and pyrophosphate. The recent literature contains
two reports (1, 2) of the interaction of technetium phosphorous compounds and
serum proteins in which the binding between the labelled technetium phosphorous
campound and the protein is reported. However other reports in the literature
indicate that technetium may suffer a chelate exchange between different
ligands (3). 1In this investigation we deronstrate that technetium is actually
exchanged between pyrophosphate and human serum albumin.

(A) Technetium 99m pyrophosphate and albumin.

Technetium stannous pyrophosphate solutions were prepared using the
electrolytic generation of stannous ion in a solution of pertechnetate and sodium
pyrophosphate. After conducting thin layer chromatography on a sample of the
preparation to ensure that essentially complete labelling of the pyrophosphate
had been achieved, human serum albumin was added to the preparation and the
solution allowed to stand. Periodically over the next 24 hours a small sample
(0.1-0.3 ml) was taken and applied to the top of a 60 cm Bio gel P-10 gel
chromatography colum. The colum was then eluted with saline and the eluant
collected in 40 drop (1.3 ml) samples., Under such conditions the human serum
albumin is found to elute in a peak centered in the sixth fraction (void volume),
the pyrophosphate in a peak centered in the sixteenth fraction and the free
pertechnetate in a peak centered in the twenty-sixth fraction. Throughout the
study if the radicactivity in excess of 3% of the total radicactivity was found
in the free pertechnetate peak that set of data was disgarded on the basis of
oxidation of the technetium due presumably to air infiltration of the sample
vial. Such studies were carried out at a variety of pH's, the pH of the
technetium 99m pyrophosphate solution being adjusted prior to the addition of
the human serum albumin. The results obtained, shown in figure 1, indicate that
at pH4.2 or greater there is a rapid initial exchange of technetium between the
pyrophosphate and the albumin, followed by a second phase in which a slower
exchange occurs. At pH2.3 no exchange was observed. It further appears that the
duration of rapid initial exchange is pH dependent although the rate of exchange
is not. The rate of the slower second phase also seems relatively independent
of pH. Further studies in which the quantity of albumin added to the preparation
was varied (at pH4.2) indicate that the rate but not the duration of the initial
rapid exchange is dependent on the initial concentration of albumin; while a
temperature study indicated that an increase in temperature resulted in an
extention of the duration of the initial rapid exchange without any change in the
rate of exchange, but increased the rate of exchange during the second slower
phase.

(B) P-32 pyrophosphate and human serum albumin.

An identical experiment was carried out in which a tracer quantity of P-32
pyrophosphate was added with the sodium pyrophosphate during preparation of the
technetium pyrophosphate. Following counting of the fractions from the gel
chramatography for technetium 99m the fractions were stored for 5 days to allow
the technetium 99m to decay, liquid scintillation solvent added to each and then
counted for P-32. None of the P-32 was observed in the human serum albumin peak
at any time interval. The P-32 was found totally in the pyrophosphate peak.

(C) Technetium 99m human serum albumin and sodium pyrophosphate.

Studies were carried out in which the technetium 99m human serum albumin was
prepared using electrolytic generation of stannmous ion in a solution containing
albumin and pertechnetate and sodium pyrophosphate added to the labelled albumin
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preparation. These studies showed no exchange of the technetium between the
albumin and the pyrophosphate at any pH studied with a variety of concentrations
of the reactants.

(D) Technetium 99m human serum albumin and stannous pyrophosphate.

Studies were carried out in which the technetium 99m human serum albumin was
prepared as above and stannous pyrophosphate was prepared by electrolytic
generation of stannous ion in the sodium pyrophosphate solution. After
adjustment of the pH of both solutions they were mixed and allowed to stand with
samples being taken at various time intervals. The resultant exchange, shown in
figure 2, indicates that the exchance of the technetium takes place in a single
rapid exchange the extent of which is pH dependent. It was further observed
that a change in the relative concentrations of albumin and pyrophosphate {(albumin
up and pyrophosphate down) resulted in a decrease in the extent of the exchange,
as would be expected, however since the rate of exchange is so rapid, being
virtually complete within 1/2 hour, it is impossible to tell whether it is the
rate or the duration of the exchange which is altered.

In summary it may be said that it has been demonstrated that technetium 99m may
be exchanged between pyrophosphate and human serum albumin however if the

stannous ion is not present with the pyrophosphate no exchange will occur from
the albumin onto the pyrophosphate., Since exchange in both directions has been
demonstrated it is clear that the phencmenon being observed is not that of
binding of the technetium pyrophosphate to the albumin molecule. This is also
indicated by the lack of P-32 pyrophosphate found in the albumin peak when tracer
quantities of P-32 pyrophosphatewas incorporated into the technetium pyrophosphate
preparation.

(1) DeWanjee M.K., Brueggeman P., Wahner H.W., "Radiopharmaceuticals 11",
Society of Nuclear Medicine, New York 1979 p.435.

(2) Owunwanne A., O'Mara R.E., O'Brien C., J. Nucl. Med. 20, 653 (1979).

(3) Loberg M.D., Tieldo A.T., Int. J. Appl. Radiat. Isotopes 28, 687 (1977).
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18.6
IMPROVEMENTS OF THE LABELLING OF EHDP WITH 9%UTc BY REDUCTION WITH SnII.

Identification of the compounds formed and measurements of their adsorption
efficiency.

J.A.G.M, van den Brand, H.A. Das, B.G. Dekker, C.L. de Ligny,
ECN, Petten, The Netherlands.

Optimization of the labelling.

The labelling of I-hydroxy-ethylidene-1,1-disodium phosphonate with 29MT¢ by
reduction with SnII, added as SnCl,.2H,0 is performed (1,2).

The compounds formed are separated by gel permeation chromatography on a

23 x 1.5 cm column of Biogel P4. A sample of one ml is separated into two frac-
tions: one for the Tc-complex (0-30 ml) and one for the free pertechnetate
(30-60 ml).

Both an EHDP solution and a physiological saline solution (0,97 NaCl) are used
as the eluent. An EHDP solution has the advantage of preventing the decomposition
by hydrolysis of the compounds formed (3),

The labelling percentage is determined radiometerically, using 29MTc.

The significance of the parameters: [EHDP], [Sn{(II)], pH and their combinations
is found by analysis of variance. The optimum of the labelling is obtained by
the construction of the regression equation.

It is found that the labelling percentage is always high; a value of 977 is
observed at a pH of 5.8 and a [Sn(11)]/[EHDP] ratio of at least 0.2 at very

low EHDP concentration (4).

Compounds of Tc, Sn and EHDP

By using the same method of separation (Biogel P4 column 1.6 x 84 cm), 32p
labelled EHDP, %9Tc/%%MTc and 113sp » !!3mIn, it is possible to detect various
components formed and to determine their relative composition (5). To this end
the peaks in the chromatogram are submitted to interactive gaussian curve fitting
with a fixed half width.

Occasionally peaks may be disturbed by isotopic exchange with the eluate and a
possible decomposition of the complexes by hydrolysis.

Four compounds may be detected. Their probable composition is:

Te(l): Tc(Sn(IV))EHDP Tc(3): Tc(Sn(IV))EHDP

Te(2): Te(Sn(IV))EHDPS TC(4): Tc EHDP

2
The relative occurrences of the different compounds may be varied by changing

the experimental conditions. The most obvious choice is the pH. Another variable
is the sequence in which the reagents are introduced to prepare the 29MTc(Sn)EHDP
complexes (6). It is observed that the distribution of ?°mT¢ over the various
complexes does not change within one hour after the pH is changed to physiological
conditions., Thus different experimental conditions may lead to different products
for medical application, without influencing the labelling efficiency.

The results can be summarised as follows:
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Table: The labelling efficiency and the relative occurence of the different
9%myc complexes.

. _ " =1
Elution parameter (Ve VBD)(VSn v, )

ED
Tc(0) Tc(l) Tc(2) Tc(3) Tc(4)
0.06+0.02| 0.59+0.03 | 0.84+0.03 | 1.02+0.04)1.24+0.05
Relative occurence of the different ?9MTc¢(Sn)EHDP
pH |sequence|Lab Z |Tc(0) Te (1) Tc(2) Tc(3) Tc(4)
2 1 |100.0 43.2+1.1 | 49.8+1.1 7.0+0.4
2 1 99.8 40.9%0.7 | 51.%+0,7 7.2+0.3
5 1 98.8 38.8%3.7 | 43.9¥3.6 17.3%1.3
5 1 98.4 42.6%2.6 | 44.0%2.5 13.8+0.9
7 1 98.7 41.8+42,3 | 53.8+2.4 4.4+0.7
7 1 99.1 38.9%0.9 | 56.1¥3.0 5.5%0.5
9 1 97.9 19.5+0.6 | 74.,9+1.3 5.6+0.4
9 1 99.9 19.5+0.5 | 75.5+1.3 5.1+1.0
2 2 99.5 |36.7+2.7 18.4+2.5 | 22,9+3.8 16.9+3.9 | 5.0+1.2
2 2 98.3 |45.9+2.4 15.7+#1.9 | 20.1+2.6 14.3+0.9 | 4.0+40.9
11.5 2 99.1 2,8+0.2 16.7+40.9 | 45,0+41.4 | 24.4+1.2 { 11.2+1,0
11.5 2 98.8 | 2.0+0.2 14,2+0.3 | 41.6+0.5 | 33.4+40.5 | 8.8+0.3

sequence (1): 5.1073M EHDP/10 M Sn27/pH = x/99mTcO4-/pH = 7.4/77.10 3M Nacl
- + - - -
(2): 107™M sn?" /pH = x/99‘“Tco4 /5.10°3M EHDP/pH = 7.4/77.10 3M NaCl

eluent 5.1073M EHDP/10 %M Sn2"/77.10 3M NaCl/pH = 7.4

Ve = elution volume, V

= elution volume blue dextran, VS = elution volume
SnEHDP. n

BD

The adsorption of 99y complexes to hydroxyl apatite.

The percentage of adsorption to hydroxyl apatite will be measured at a constant
temperature of 37°C and after a constant reaction time for the solutions of labelled
products obtained under these various different experimental conditions.

The aim is to find the maximal adsorption efficiency and thus the most useful pre-
paration technique.

(1) Tofe A.J., Francis M.D., J. nucl. Med. 15, 69(1974).

(2) Castronovo F.P., and Callahan R.J., J. nucl. Med. 13, 823(1972).

(3) van den Brand J.A.G.M., Das H.A., Dekker B.G., and de Ligny C.L.,
Int. J. Appl. Rad. Isot. 30, 129(1979).

(4) wvan den Brand J.A.G.M., Das H.A., Dekker B.G., and de Ligny C.L.,
Int. J. Appl. Rad. Isot. 30, 185(1979).

(5) wvan den Brand J.A.G.M., Das H.A., Dekker B.G., and de Ligny C.L.,
in course of publication,

(6) Yano Y., McRae J, Van Dyke D.C., and Anger H.O., J. Nucl., Med. i4, 73(1973).

B.G. Dekker, C.L. de Ligny
Laboratory of Analytical Chemistry, University of Utrecht
The Netherlands.
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18.7

A NEW TYPE OF QXOTECHNETIUM (V) COMPLEX

B.V. DePamphilis, C. Orvig, A.G. Jones and A. Davison.
Department of Radiology, Harvard Medical School, Boston, MA 02115.

As a result of an investigation undertaken to evaluate the acetamidomethyl group
(— CHNHCOCH3) (1) as a water-solubilizing protecting group for thiolate ligands,
a new type of oxotechnetium(V) complex has been synthesized and characterized.
This neutral complex has been formulated as cis-[Tc0(SCH2CH3S)3], with one
ethanedithiolate forming a bridge between the two technetium atoms, and the two
oxygens cis to one another.

The reaction of one equivalent of [n-BugN][TcOC14] with two equivalents of bis-
(acetamidomethyl)ethanedithiolate in methanol at room temperature rapidly gives
orange crystals of the complex in 827 yield. Recrystallization from CHyCl)/hexane
allows the isolation of high quality crystals. The x-ray crystal structure deter-
mination is currently under way. Using an 18-fold excess of the protected thio-
late, the same complex was produced in 75% yield, with no evidence for the pres-
ence of the known monomeric species [TcO(SCHpCHpS)]™ (2) among the products. The
presence of the protected ligand thus appears to be important in the reaction
leading to the 3:2 complex. For example, addition of two drops of unprotected
ethanedithiolate to the optical cell in the latter case produced an instantaneous
change to the spectrum characteristic of the monomer (Amax, 403nm). That this is
not the sole factor governing the reaction, however, is shown by the fact that

the addition of exactly 1.5 equivalents of unprotected dithiolate to one of
[TcoCl,]™ gives orange crystals of the dimer instantly and in high yield. Fur-
thermore, an analogous experiment with unprotected 2,3-toluenedithiolate ligand
produced only the previously characterized monomer [TcO(tdt);]” (3). The dimeric
neutral complex has also been synthesized by an indirect ligand-exchange synthesis
in aqueous solutiom.

The material has been characterized by elemental analysis, infra-red and optical
spectroscopy, and nuclear magnetic resonance spectroscopy. The exact mass has
been determined by field desorption mass spectrometry (FDMS). The relative peak
intensities at M/e = 505 and 507 (due to the presence of 325 and 34S) confirm
the presence of six sulfur atoms in the complex.

(1) Denkewalter R.G., Veber D.F., Holly F.W., Hirschmann R., J. Amer. Chem. Soc.
91, 502 (1969).

(2) Smith J.E., Byrne E., Cotton F.A., Sekutowski J., J. Amer. Chem. Soc., 100,
5571 (1978).

(3) DePamphilis B.V., Jones A.G., Davis M.A., Davison A., "Radiopharmaceuticals
II: Proceedings of the Second International Symposium on Radiopharmaceuti-
cals", New York, Society of Nuclear Medicine, 1979, p. 155.

Analysis: c H s
elemental: calc 14.23 2.39 37.99
found 14.76 2.63 36.85

(average of three determinations)
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infra-red (KBr disc): v (Tc =0) 953, 946 (:m"1
optical (in CHyCljy): A (nm) €

424 6300

286 9600

242 shoulder, >10,000

conductivity: a nonconductor in CH3CN

lH nuclear magnetic resonance: 250 MHz, in CDCl,.

AA'BB' pattern, rel. int. 1, 3 3.22-3.34
3.41-3.53
ABCD pattern, rel. int. 2, 9 3.53-4.12
field desorption mass spectrometry:

m/e rel. int. rel. %

505 8 100
507 2.8 35 (3435)
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18.8

THE PREPARATION AND CHARACTERIZATION OF SOME NITROSYL COMPLEXES OF 99TC

C. Orvig, A. Davison and A.G. Jones.
Department of Chemistry, Massachusetts Institute of Technology, Cambridge,
MA 02139.

The reaction of TcO * xH90 with nitric oxide in 4M HBr leads to the isolation
of red crystals of [n BuyN ﬁ[Tc(NO)Br4]. This material is formulated as a low-
spin 4’ paramagnetic complex that shows a 10-line solution EPR spectrum at room
temperature, and which demonstrates only technetium hyperfine interaction. This
complex is a useful starting material for the synthesis of other low valent
technetium complexes.

The reaction of [Tc(NO)BrA] with excess NCS™ allows the isolation of ink-blue
crystals of [n- Bu4N] [Tc(NO) (NCS)5]. This complex can be reduced electro-
chemically (E1 0. 14v with respect to S.C.E.), or chemically with hydrazine,
to yield rust- Zolored crystals of [n-BuyN]3[Tc(NO) (NCS)s].

All three of these complexes have been characterized by elemental analysis,
infra-red and optical spectroscopy, and conductance measurements. The
magnetic properties and infra-red spectral studies show that the nitric
oxide ligand is coordinated as an not group in these materials, which

are thus to be regarded as complexes of

Tc(+2) {[n-BuyN] [Tc(NO)Br,] and [n-BuyN];[Tc(NO)(NCS)5]} and

Te(+1) {[n—Bu4N] [Tc(NO)(NCS)S]}

Analysis:

[n-BuyN] [Tc (NO)Br,, ]

C H N Br
elemental analysis: calc 27.81 5.25 4.05 46.25
found 27.36 5.56 4,15 46.06
1

I.R. (KBr disc): v 1795 cm_

NO
. 2 -1 -1 .
conductivity: AM = 168 cm”»ohm ~ *mole (1 mmol in CH4CN)

[n-Bu,N], [Tc (NO) (NCS) 5]

elemental analysis: calc 49,15 8.02 12.39 17.73
found 49.27 8.16 12.47 17.49

infra-red (KBr disc): Yyo 1785 cm_l

conductivity: Ay = 256 cm2°ohm_1' mole_1 (1 mmol in CH3CN)

[n—Bu4N]3[Tc(NO)(NCS)5]

elemental analysis: calc 55.51 9.49 10.99 13.98
found 55.20 9.30 11.28 13.55

infra-red (KBr disc): Vg 1690 en !

conductivity: AM = 362 cruz'ohm_l-mole_1 (1 mmole in CH3CN)
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18.9

MAGNETIC MOMENTS OF SOME TECHNETIUM COMPLEXES IN D»-0

J.Steigman, L.L.-Y Hwang and N.A. Solomon

Division of Muclear Medicine, Downstate Medical Center,Brooklyn,
New York 11203

The position of a particular band in the NMR spectrum of a liquid
sample is determined by the bulk susceptibility of the solution .In
the presence of a paramagnetic solute there will be a shift in the
band position, which,according to Evans, permits the calculation of
the magnetic mass susceptibility of the solute.{1) Evans made differ-
ential measurements, introducing a capillary containing a paramagnet-
ic salt and a reference compound in D20 into a NMR tube containing
only the reference compound (t-butanocl) and D20. The arrangement
eliminates diamagnetic corrections.

We have used the following form of his equation, eliminating two minor
terms, and substituting moles for grams:

X =3A£ {n)
M AT f£m

In this equation,)ﬂm is the molar susceptibility of the paramagnetic
species, Af is the frequency separation of the t-butanol proton bands
in Hz {cycles/sec), f is the frequency of the spectrometer in Hz,

and m is the number of moles of paramagnetic substance in 1 ml. of

solution. This in turn permits the calculation of the effective
magnetic moment, Peff., from the Curie law, for a particular absolute

temperature T:
/J¢H;= 294 X, T (in Bohr Magnetons) (2)

Measurements were made on a Varian T60DA, operating at 60 mega-Hz; the
sample temperature was 38°C. A double NMP tube was used, with ident-
ical solutions (except for the paramagnetic species) inside and out.
Each solution had 2% t-butanol as the reference. The freguency
separation was measured on the instrument recorder paper. The repro-
ducibility of the separation was 0.1 Hz, but the instrument was not
sensitive enough to show the bands if the separation was 0.4 Hz or
less (determined with known solutions of KCr (S04)2-12 Hp0).

Table I shows the performance of the instrument with four known
compounds in solution. The term Mlite refers to literature values.

Table I
Test of Evans’Method
Compound Molarity A Hz Ypx10° Peff Mlit.
K Cr(S04)% 12H,0 n.0125 10.0 6370 4.0 3.84(3)
NT(NH4)2(S04)7-5Hp0 0.162 83.0 4079 3.2 3.26(%)
CuS04-5Hy0 0.0788 14.6 1475 1.9 1.95(5)
(NHg)2TcClgin. DCT 0.0112 9.7 6895 4.2 4.05(6)

The first three literature values refer to the moments of solids at
3000K, The fourth refers to a measurement of (NHg)2TcClg in HEl
solution. The experimental values and the 1iterature values are in
good agreement.
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A number of technetium-99 compound? of radiopharmaceutical interest
were prepared in D20. The citrate {7) and mannitol (8)complexes were
made by reduction of pertechnetate with excess SnCiz2. The others

were prepared by controlled potential electrolysis; tge phosphate

and pyrophosphate solutions were then air-oxidized.(9 The oxidation
state of technetium is +4 in the first five compounds. It has the d3
configuration, which should mean a minimum of complicating factors Zg
interpreting the results. The mannitol complex is a Tc(V) compound. )
The results are shown in Table II. The term Mcalc represents the
expected value, which is the spin-only value corrected for spin-
orbital coupling.

Table II
Magnetic Properties of Tc(IV) and Tc(V) Complexes in D,0
[Tc],mM Ligand Af Hz Heff. Jcalc,
2.60  0.4M citrate,pH7 2.0 3.9 3.6 (10)
2.69 1M phosphate,pH7 0.0-n.4 0-1.66 3.6
2.69 0.2M pyrophosphate,pH7 0.7 2.3 3.6
2.65 0.49M EHDP,pH5.1 0.5 2.0 3.6
2.65 N.46M MDP,pH7 1.0 2.8 3.6
2.55 0.17M mannitol,pH 12.4 0.0-0.4 0-1.66 1.5 (11)
11.3 0.71M mannitol,pH 13 0.0-0.1 0-0.4 1.5

It was concluded that the citrate is a normal Tc(IV) complex, that
the phosphate probably has antiferromagnetic properties, and hence
is a dimer or polymer, and that this may also be true of the pyro-
phosphate, EHDP and MDP Tc(IV) complexes. The mannitol complex simi-
larly may be a dimer; it may, however, be a low-spin Tc(V) complex.

Other Tc complexes will also be discussed.
Ye thank the Proctor and Gamble Company for the EHDP and MDP compounds

(1) Evans, 9.F., J.Chem.Soc. 1959,p.2003

(2) Cotton,F.A., and Wilkinson,G.,Advanced Inorganic Chemistry, Inter-
science Publishers, New York,3rd edition, 1972, p.541]

(3)-(6) Figgis, B.N. and Lewis, J., Transition Metal Complexes, in
Progress in Inorganic Chemistry, Vol. 6, F.A.Cotton, Ed., Inter-
science Publisher, New York 1964, pp.12,198,213,145 respectively

(7) Steigman, J., Meinken, G. and Richards, P., J.Appl. Radiat.
Isotopes 26, 601 (1975)

(8) Steigman, J., Hwang L and (in part) Srivastava $S., J. Labeled
Cmpd. Radiopharm. 13, 162 (1977)

(9) Steigman, J., Meinken G. and Richards P., Int. J.Appl. Radiat.
Isotopes 29 653 (1978)

(10),(11) Reference 3, pp. 145 and 141, respectively
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18.10
Tc-99-CYCLAM

J. Simon, S. Zuckman, D. E. Troutner, H. A. Volkert, and R. A. Holmes
Department of Chemistry, University of Missouri, Columbia, Missouri 65211

Eariier studies (1,2) have shown that Tc-99m and macrocyclic amines react to form
stable complexes in high yield. \e are investigating the potential use of these
complexes and their derivatives as radiopharmaceuticals. A part of that investi-
gation is a study of the reactions of one of those amines, cyclam (1,4,8,11-tetra-
azacyclotetradecane), with Tc-99 in order to understand better the nature of the
carrier-free complexes of Tc-99m.

Both SnCl1, and NaSp04 were satisfactory reducing agents when the complex was pre-
pared at pH ~ 11. Complexes prepared with either reagent exhibited identical
elution volumes from Biogel P-2 columns, Rf values in paper and thin-layer chroma-
tography, and electrophoretic migration patterns. In one series of experiments
Tc-99 spiked with Tc-99m was complexed using Sn-113 labeled SnClo as the reducing
agent. Fractions of the eluent from a Biogel P-2 column were collected and both
Tc-99m and Sn-113 were counted in each fraction. Two over-lapping peaks were
observed but there was a clear difference between the distributions of Tc-99m and
Sn-113. Electrophoresis of the complex was performed at 300 V for one hour in an
acetate buffer at pH 5. Tc-99 migrated towards the anode while the Sn-113
remained at the origin. These results show that Sn is not a part of the complex.

The complex is formed only in the presence of large excesses of cyclam. Complexing
of 90% or better at pH ~ 11 required cyclam concentrations of ~ 10-2 M, 2 x 10-3 M,
1.5 x 10-% M, when Tc-99 concentrations were 10-3 M, 104 M, and 10-5 M, respec-
tively. The excess cyclam could be extracted into CHC13 from 10-2 M NaOH with
negligible extraction of Tc-99-cyclam.

Radiometric titrations of 1.35 x 1074 M Tc-99 pertechnetate in 1.0 M cyclam at

pH 11 using standardized SnC1p solutions in a N, atmosphere showed that a two-
electron transfer is necessary to form the complex leading to a Tc oxidation state
of +5. Electrophoretic migration patterns of complexes prepared with a substoi-
chiometric amount of SnCl, were identical to those of complexes prepared with an

excess of SnCly showing that further reduction did not occur after complexing was
complete.

Efforts were made to determine the charge of the complex by an electrophoretic
method similar to that developed by Marzilli, Worley, and Burns (3). The compiexes
[Co(IIT) cyctam C12]*1, [Co(III) cyclam $N3) 1t1, [Co(III) cyclam (SCN)»]*1,
[Ni(I1)cyclam]*2, [Co(I1I)cyclam (NH3)2]*3, ECO(III)(en)3]+3, and [Co(I%I)(NH3)6]+3
were prepared following literature methods. C-14 labeled cyclam was synthesized
using C-14 dibromoethane as a starting reagent. _Cyclam is doubly protonated at
pH's near 7 and can be represented as cyc]am—H2+2. A1l these complexes as well as
Tc-99-cyclam complgx were subjected to electrophoresis under identical conditions.
Migration of NitT complexes was determined by color of the moving band, Co

by both color and Co-57 tracer, of cyclam by C-14, and of Tc-99 by Tc-99m tracer.
The Tc-99-cyclam complex migrated the same distance ?s [Co(III)cyclam C12]*T,
[Co(I1I)cyclam (N3) 17", and [Co(III)cyclam (SCN)21*1, about one-half as far as
cyclam-H,*2 and [NiiII)cyc]am]*Z, and about one-third as far as [Co(III)(NH3)6]+3
and [Co(III)(en)3]*3. These results indicate the charge of the Tc-99 compléx is
+1. However, [Co(III)cyclam (NH3)2]+3 migrated only as far as [Ni(II)cyclam]*e.
This result is not yet fully understood and this method of charge determination
may not be unequivocal. If, however, the complex charge is +1 as the evidence
suggests, a complex formula consistent with that result and with the +5 oxidation
state of Tc is [TcOp cyclam]*l.

In an attempt to prepare a compound of the complex for IR analysis, 15 mg of Tc-99
as NH4TcOq dissolved in a solution containing a 20-fold excess of cyclam was re-
duced using a 4-fold excess of NapSp04. The solution turned 1ight brown upon
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addition of the NapS204. Excess cyclam was extracted into CHC13 after making the
solution 0.1 M in NaOH. A two-fold excess of MaC104 was added and orange crystals
appeared following slow evaporation. The crystals were collected and washed with
water. Paper chromatography on a portion of the redissolved solid showed the
Tc-99 to be greater than 95% complexed. Electrophoretic patterns were identical
with those of freshly prepared cyclam complexes of both Tc-99 and Tc-99m. An IR
spectrum performed in a Mujol mull revealed no band near the one at 950 cm-1!
observed by DePamphilis, Jones, Davis, et al. (4) in TcO[SCH2C(0)S], ~' and
attributed by them to the Tc=0 stretch. There was, however, a strong band at

790 cm~l. Johnson, Lock, and Wilkinson (5) o§§erved simitar bands at ~ 810-

820 ¢m™' for compounds containing [Re{py 40217 " and [Re(en)20, 1*1 and attribute
them to the 0=Re=0 bond. The 790 cm~! band observed here may therefore be due to
a 0=Tc=0 bond. Experiments are underway to synthesize larger quantities of the
complex for elemental analysis and structure determination.

(1) Simon, J., Ketring, A., Troutner, D. E., Volkert, W. A., and Holmes, R. A.,
Radiochem. Radioanal. Lett. 38, 133 (1979).

(2) Troutner, D. E., Simon, J., Ketring, A. R., Volkert, ¥W. A., and Holmes, R. A.,
Jd. Nucl. Med., in press.

(3) Marzilli, L. G., Worley, P., and Burns, H. D., J. Hucl. Med., 20, 871 (1979).

(4) DePhamphilis, B. V., Jones, A. G., Davis, M. A., and Davidson, A., J. Am. Chem.
Soc., 100, 5570 (1978).

(5) Johnson, N. P., Lock, C. J. C., and Yilkinson, G., J. Chem. Soc., 1054 (1964).
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REVERSED PHASE HPLC OF Tc-99m IMINODIACETATE HEPATOBILIARY AGENTS AND A
QUESTION OF MULTIPLE PEAKS.

A. R. Fritzberg and D. Lewis, Department of Radiology and School of Pharmacy,
University of Colorado Health Sciences Center, Denver, Colorado 80262

The chromatography of Tc-99m iminodiacetate hepatobiliary radiopharmaceuticals
on paper and thin Jlayer systems has been described (1,2). Although
intermediate R, values have been obtained, the bands of radiocactivity are
often broad, ‘and, in contrast to a single peak on HPLC reported for
Tc-99m-N-(2,6-dimethylacetanilide)iminodiacetate (Tc-dimethyl-1DA), often show
overlapping multiple bands present. The objective of this study, therefore,
was to evaluate the HPLC behavior of several of these complexes under a
variety of solvent conditions. Technetium-99m complexes of N-(2,6-diethyl-
acetanilide)iminodiacetate (Tc-diethyl-IDA), N-(2,6-diisopropylacetanilide)-
iminodiacetate (Tc-diisopropyl-IDA), and N-(p-butylacetanilide)iminodiacetate
(Tc-p-buty1-IDA} usually resulted in a major and a minor peak and parameters
which might explain the multiple peaks were also studied.

The radiopharmaceuticals, Tc-diethy1-1DA, Tc-diisopropyl-1IDA, and
Tc-p-buty1-IDA were separable from each other on a reversed phase octa-
decylsilyl column using 0.02M phosphate, pH 6.8, and acetonitrile over a 10 to
60% acetonitrile gradient (Table 1). Subseguently, it was found with
Tc-diethyl1-IDA that separation of the two normally appearing peaks was
maintained or increased as the gradient was reduced to as much as 20 to 40%

acetonitrile with a reduction in flow rate to 2.35 m1/min (Table 2). No loss
of separation or peak sharpness was noted as the buffer pH was altered from
5.5 to 6.8. Use of methanol or ethanol as the primary solvent reduced
retention times to less than 2 min and resulted in loss of peak resolution.
Water as the primary solvent and methanol or ethanol as the secondary resulted
in comparable retention times to phosphate buffer and acetonitrile, but with
broadened peaks.

The question of multiple peaks from these complexes is important since it has
been observed for Tc-diethyl-1DA, Tc-diisopropyl-IDA and Tc-p-butyl-IDA.
Moreover, a pair of peaks has been present in two commercial sources and our
in house Tc-diethyl-IDA in variable ratios. Although presently only in a
preliminary stage, experimental results suggest that the peaks may be due to
different oxidation levels. Addition of small amounts of sodium borohydride
(ca. 0.2mg) reduced the dintensity of the later appearing peak (Figure 1).
Correspondingly, the earlier peak dintensity was increased. It has been
reported that Tc-dimethyl-IDA has an oxidation level of 3 after stannous ion
reduction (3). It is possible that under some conditions such as lower kit pH,
sterilization by radiation, and storage time, which is the case for the
manufacturer with larger amounts of the latter peak, that some complex may be
formed at a higher oxidation level which was converted to the lower by hydride
reduction. Other work which also supports differing oxidation levels has
resulted from the Tc-99m complex of N,N'-bis(benzoylmercaptoacetamido)-
ethylenediamine. The use of different reducing agents also resulted in two
peaks which are common with each reducing agent but in variable ratios.
Studies to establish this point are continuing.

(1) Laberg M.D., Cooper, M., Harvey, E., et.al., J. Nucl. Med.,
17, 633 (1976).

(2) Fritzberg, A.R. and Huckaby, D., Radiopharmaceuticals II, Proc.
2nd Intl. Symp. on Radiopharmaceuticals, Seattle, Wash., 1979,
p. 545,

(3) Lobjerg, M.D. and Fields, A.T., Int. J. Appl. Radiat. Isotopes,
167 1978.
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TABLE I. RETENTION TIMES OF Tc-99m-IMINODIACETATE COMPLEXES ON REVERSED PHASE
HPLC*

Tc-99m-Complex Retention times (min)
N-{2,6-diethylacetanilide)iminodiacetate 8.6(major), 10.4 (minor)
N-(2,6-diisopropylacetanilide)iminodiacetate 10.0(major), 10.9 (minor)
N-(p-butylacetanilide)iminodiacetate 10.3(major), 9.5(minor)

*Conditions were 0.02 M phosphate and acetonitrile with a gradient of 0 to 50%
acetonitrile in 10 min at 3.5 m1/min flow rate on an 0DS column.

TABLE 2. RETENTION TIMES OF Tc-DIETHYL-IDA UNDER VARYING GRADIENT AND
FLOW RATE CONDITONS*

Condition
Gradient 10-50% B 15-50% B 18-42% B 20-40% B
Flow Rate 3.0 m1/min 2.75 ml/min 2.5 ml/min 2.35 m1/min

Retention Time

Peak 5.9 min 5.5 min 5.7 min 5.2 min
Peak 2 6.8 min 6.4 min 6.8 min 6.7 min

*Solvent A was 0.01 M phoshate, pH 5.8, solvent B acetonitrile. Gradient
was over 10 min period. Column was 15 cm ODS.

) 0t /S S | O

Figure 1. HPLC of Tc-diethyl-IDA on an 0DS column eluted with
0.01-M phosphate and acetonitrile (10 - 50% gradient, 3 ml/min).
A is control Tc-diethyl-IDA, B is after addition of 0.2 mg NaBH4,
and C is after further addition of 0.4 mg NaBH,. Peak heights
are adjusted for dilution effects, Note loss éf second peak
after addition of reducing agent.
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PRELIMINARY STRUCTURE-DISTRIBUTION RELATIONSHIPS (SDR's) OF 99m-Tc
HEPATOBILIARY AGENTS. (1) PROTEIN BINDING OF HIDA's.

A. D. Nunn.

E. R. Squibb & Sons, Inc., Georges Road, New Brunswick, NJ 08903.

Hepatobiliary agents, based on substituted acetanilido iminodiacetic
acid derivatives (the HIDA's) have, since their discovery, rapidly
gained acceptance for routine clinical use.

Many different derivatives have been made to try and optimise the
properties of the HB agents and it has become apparent that more than
one compound will be needed to investigate the complete spectrum of
hepatobiliary disease (1).

Structure-distribution relationships (SDR's) are required to develop
a logical program of synthesis of these new agents. Some information
along these lines has been reported (2,3), however, it really only
gives a general idea of what a compound should be in order that it be
excreted via the HB system. It does not give much information as to
what a compound should look like to yield high contrast images in the
various clinical situations.

The different arenas in which HB agents will be used can be very
generally divided into use in jaundiced patients and use in non-
jaundiced patients. In the latter group, it can be argued that,
provided hepatic uptake and excretion is adequate, renal excretion is
the major factor influencing the acquisition of good images. In the
jaundiced group, competition with bilirubin becomes a dominant factoxr
The deleterious effect of bilirubin on the hepatic uptake of some of
the HIDA's in rabbits has been demonstrated (4) and similar results
have been obtained using isolated rat hepatocytes (1).

In order to simplify the determination of SDR's for the HIDA's under
different physiological conditions, we have chosen to divide the
problem into a number of parts. These are:

1. SDR of protein binding - including the effect
of bilirubin and common drugs.

2. SDR of isolated hepatocyte uptake.
3., SDR of liver transport kinetics.

From the individual SDR's we hope to determine an overall SDR which
will allow us to predict and develop an optimum HIDA for the whole
spectrum of HB disease. It should also be possible to develop a
model for the HIDA binding site on albumin.

This paper reports preliminary work performed to determine SDR's for
protein binding. As the major transport protein in the blood is
albumin, we chose to investigate albumin - 99m-Tc HIDA interactions.
An affinity chromatography method was used because it is rapid, but
more important, it is a dynamic system which is more akin to the in
vivo situation (than the slower kinetics of dialysis, etc.). For
this reason also 99m-Tc rather than 99-Tc complexes were used in
these studies and thus no attempt has been made to determine the
number of binding sites or binding constants. The system consists
of an agarose support material to which has been attached directly,
(using CNBr Sepharose 4B), or indirectly, (using CH Sepharose 4B),
human serum albumin. The affinity of the HB agents for the albumin
can be determined by observing their retention characteristics after
application to and elution from columns of the affinity matrix with
0.9% Nacl. The methodology and advantages of the system have been
reported elsewhere. (5,6).

Approximately, thirty HIDA derivatives have been synthesised bearing
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substituents, ranging from the halogens to short chain alkyls (and
combinations of the same) in the 2 to 6 positions.

The results so far show that there is a difference in the interaction
with albumin depending upon the position of substitution and the
substituent.

With no substitution (R; - Rz = H) and when R; - Rs = F there is
negligible interaction with the albumin and the radiopharmaceutical

is eluted close to the void volume of the column. No stearic effect
would be expected by F for H substitution and it appears that F-hydro-
gen bonding interactions are not important.

Derivatives with 2 or 6, substitution also show little interaction
with the albumin. This remains true even when doubly substituted
derivatives are used containing short chain alkyls or higher halogens.

Derivatives substituted in the 4 position or the 3 and 5 position,
show a strong interaction with the albumin. This interaction
increases with increasing chain length and between the different
halogens.

The 4-Butyl derivative is very strongly bound to the albumin.
Attempts at displacing bound activity with phenol red, (which is
known to bind to albumin) were unsuccessful. However, the activity
could be eluted by the addition to the column of either cold 4-Butyl
HIDA or various other substituted derivatives. The Tc-HIDA complexes
are known to be resistant to ligand exchange so this result confirms
that the interaction of the complexes with the albumin is through
the ligand and also demonstrates that the uncomplexed ligand can
compete with the complexed ligand for the binding site despite the
differences in charge and molecular weight. Thus it appears that,
as with the previously reported biliary excretion of HIDA with sub-
stitution of Cr(III) for Tc(III)(3), the metal atom plays an inert
role during interaction of the HIDA's with albumin. The nature of
the HIDA binding site is being investigated and the results of
studies with bilirubin and drugs that influence the binding cf
bilirubin to albumin will be reported. The influence of fatty acids
bound to the albumin and the relationship between octanol/water
partition coefficients (determined by HPLC) and binding, will be
described. The relevance of the results to the design of HB agents
will be discussed.

(1) Loberg M.D., Porter D.W. and Ryan J.W. in Radiopharmaceuticals
II. ed. Sodd V.J.,Allen D.R.,Hoogland D.R. and Ice R.D. Society
of Nuclear Medicine, New York (1979) p519.

(2) Firnau G. Eur. J. Nucl, Med 1 (1976) 137.

(3) Burns H.D., Norley P., Wagner H.N. (Jr)., Marzilli L and Risch V.
in The Chemistry of Radiopharmaceuticals ed. Heindel N.D.,
Burns H.D., Honda T. and Brady L.W., Masson Publishing Inc.
{1978) p269.

(4) Jansholt A.L., Vera D.R., Krohn K.A. and Stadalink R.C. in
Radiopharmaceuticals II ed. Sodd V.J., Allen D.R., Hoogland D.R.
and Ice R.D. Society of Nuclear Medicine, New York (1979) p555.

(5} Nakano N.I., Oshio T., Sato N., Shimamori Y, and Yamaguchi S.
Chem. Pharm. Bull.27 (1979) 2048.

(6) Nunn A.D., J. Nucl. Med. (1979) 20 682.
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SPECIFIC SEQUESTERING AGENTS FOR TRIVALENT METALS

K. N. Raymond and F. L. Weitl
Department of Chemistry, University of California, Berkeley, falifornia 94720

Enterobactin is one of a class of compounds called siderophores which are produced
by microorganisms to obtain the amounts of iron essential for growth (1,2).
Enterobactin and the other siderophores form extremely stable complexes of high-
spin Fe(III). Similar stability is observed for other trivalent metal ions such
as Ga(III) and Cr(III) (3).

The synthesis of a series of compounds which are analogous to enterobactin will be
described (4-7). The formation constants of metal complexes of these compounds
have been determined and this information is used in their modification and
improvement.
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The tris-catechol derivatives of 2,3-dihydroxybenzoic acid (DHB), x = H in the
above figures) are in some cases nearly as effective in complexing Fe(III) and
Ga(IIlI) as is enterobactin., The sulfonated derivatives (x = $§0; ) are even more
effective and offer the advantages of increased water solubility, greater acidity
(hence better competition of the metal ion versus protons) and improved stability
toward oxidation.

Alkylation of the nitrogen atoms in the above compounds substantially increases
hydrophobic character of these materials.

The biodistribution properties of the Ga(III) complexes of these sequestering
agents will be described in a separate paper at this meeting (8).

(1) Raymond, K. N. and Carrano, C. J., Acc. Chem. Res. 12, 183 (1979).

(2) Neilands, J. B., Ed. "Microbial Iron Metabolism'", Academic Press, New York,
1974.

(3) Raymond, K. N., Ed., Adv. Chem. Ser., No. 162 (1977).

(4) Weitl, F. L. and Raymond, K. N., J. Am. Chem. Soc. 101, 2728 (1979).

(5) Harris, W. R. and Raymond, K. N., J. Am. Chem. Soc. 101, 6534 (1979).

(6) Weitl, F. L., Harris, W. R. and Raymond, K. N., J. Med. Chem. 22, 1281 (1979).

(7) Harris, W. R., Carrano, C. J., Cooper, S. R., Sofen, S. R., Avdeef, A, E.,
McArdle, J. V. and Raymond, K. N., J. Am. Chem. Soc. 101, 6097 (1979).

(8) Welch, M. J. et al., paper submitted at this meeting.



