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NUCLEAR MEDICINE TECHNOLOGY PROGRESS REPORT
FOR QUARTER ENDING DECEMBER 31, 1977

SUMMARY

11, 195m 33

Progress is reported for the applications of ' 'C, Pt, “7P,

and ]ZBmTe. Of note in this report is the first human clinical testing
of nC-‘I-aminocyclobutanecarboxy]1‘c acid and microscale synthesis and
tissue distributions for a number of new ]gsmPt-1abe1ed cnloroammine-
platinum(II) compiexes. A project to investigate the labeling of beta-
adrenergic myocardial agents was begun. A two-dimensional Fast Fourier
Transform is now operational for the PDP-11 version of the Oak Ridge

Imaging System.

CARBON-11
T. A. Butler

The collaboration with Oak Ridge Associated Universities (ORAU) in

11

the clinical testing of " 'C-labeled amino acids for tumor localization

studies continued during this quarter with six production runs. Twenty

patients were scanned with the positron tomographic instrument (ECAT).

Three patients received 1l ("

C-1-aminocyclobutanecarboxylic acid C-ACBC)

which comprised the first human clinical studies with this labeled
compound. Previous animal studies at ORAU had indicated that nC-ACBC
may be superior to the cyclopentane analog (]]C-ACPC) as a general

tumor localization agent. Five patients were administered }

C-ACPC and
the remaining 12 patients received ]lC-DL-tryptophan. Uptake of ]]C-

DL-tryptophén in the pancreas is high, and excellent images of the

~gland continue to be obtained with the ECAT scanner.
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The primary yield of ~'C oxides from the'8203 targets remains

good, averaging about 4 Ci per run. This appears to be the maximum for
the current target design using natural 8203. To increase the yield of
H]]CN (used in the Strecker amino acid synthesis) from the catalytic
conversion of the oxides, the nickel catalyst was improved by using
smaller particles to increase the surface area and by reducing the
catalyst bed length to assure a more uniform temperature within the
m.furnace heat zone. Preliminary tests of the modified system indicated

that about 90% conversion efficiency can be obtained vs an average of

60% conversion experienced using the former system.

PLATINUM-195m
J. D. Hoeschele and T. A. Butler

As part of the continuing cooperative program to study antitumor
compounds, three shipments of ]gsmPt-labeled NathC]6 and one shipment
of 19%Mpt.labeled cis-[Pt(NH;),C1,] (cis-DOP) were made to the University
of Southern California. Two shipments of 195mPt-1abe1ed NaZPtC16 were
made to the University of Kentucky Medical Center. Also, 195mPt-
labeled cis- and trans-DOP were prepared for the Biology Division

(ORNL) for use in cooperative studies of subcellular distribution énd
Pt-DNA binding.
Synthesis and Tissue Distribution Studies of
Chloroammineplatinum(II) Compounds
Microscale syntheses and tissue distribution studies of chloroammine-
platinum(II) complexes of the general formula [Pt(NH3)4-XC1x]2'x have
been initiated. These studies are being pursued as part of our interest

in platinum antitumor agents and in conjunction with medical cooperative

1011121



programs employing some of these agemts. The purpose of these studies

is to obtain distribution/retention information of a systematic nature
which can be correlated with physiochemical, physiological, and structure-
.activity data available for platinum antitumor agents. Such correla-
tions will be generally useful in understanding and perhaps predicting

the fate and utility of these and related agents in biological systems.

A further objective is to determine if any of these complexes exhibit
unique tissue distribution patterns suggesting their use as scanning/
visualization agents.

We report here general details of the microscale syntha2ses developed
ani some initial empirical observations derived from tissue distribution
studies of the following '° "Pt-labeled compounds: [Pt(NH,),1C1, (1),
[Pt(NH3)3C1]C1 (11), cis-DOP (III), trans-DDP (IV), K[Pt(NH3)C13] (v),
and KZPtC'I4 (IV). Details of synthesis were presented previously
(ORNL/TM-6044) for cis- and trans-DDP, which are preferred starting
materials for compouﬁds I, II, and V. General details of the microscale
syntheses (<0.1 millimole) of the remaining four compounds as well as
a schematic outline of ]gsmPt-1abe1ed ch1oroanminep1§tinum(ll) syntheses
are presented below. The number in parentheses following each synthes s
heading is keyed to the schematic outline (* denotes ]95mpt’ A repre-

sents NH3).

Synthesis of K2Pt*C14 (2)

*
Potassium tetrachloronlatinate (I1) was prepared from Nath ..
an intermediate in the synthesis of cis-DDP, by adding solid K,C05 to

an acidic solution of the latter followed by evaporation to dryness.

10111238
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Purification was achieved by dissolving the crude residue in a minimum
volume of H20 followed by addition of 12 M HC1 to induce crystaliization
at 0°C.

Synthesis of [Pt  (NH,),]C1, (5)

Platinum(II) tetrammine chloride was synthesized from the starting
material gig;[Pt.A2C12] (see Fig. 1). Excess 15 M NH,OH was added to a
slurry of gigf[Pt.AZCIZJ in saline and the mixture heated to insure
complete conversion to the product. The resultant solution was evaporated
just to dryness and the white residue (compound + NaCl) dissolved in

the requisite volume of HZO to restore isotonicity.

Synthesis of K[Pt (NH,)C1,] (4)

The synthesis of K[Pt*AC13] was adapted from the procedure of
Elleman et a].] The key step in this synthesis is the preparation of
HPt'AC1; (in situ) by refluxing cis-[Pt'A,C1,] in 6 M HCT in the presence
of Pt metal powder as cataiyst. Subsequently, the [Pt*AC13]' anion is
precipitated as pari of the golden complex electrolyte, [PtA4][Pt*AC]3]2,
which after recrystallization, is converted to K[Pt*AC13] by selectively
removing the PtA42+ cation either by (a) adsorption qnto a strong
cation resin (in K+form) or (b) by adding KZPtC14 to precipitate the
salt, [PtA4][PtC14].

Synthesis of [Pt*(NH3)3c1]c1 (7)

A three step reaction scheme was used in synthesizing [Pt*A3C1]C1
in relatively low yield from trans-[Pt*A2C12], the preferred isomer for

this synthesis. The critical first step involves reacting trans-[Pt.A2C12]

10711219
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with NH,OH in a DMF -H,0 méﬁium at 55°C for 12-hr (pH buffered using
NH,C1; NH40H/Pt(II) ratio of 1.10). Potassium tetrachloroplatinate was
added to the acidified reaction mixture to precipitate a mixture of the
complex electrolytes, [Pt*A4][PtC14] (green) and [Pt.A3C1]2[PtC14]
(red). The desired red component was dissolved away from the insoluble
green component, recrystallized, and then converted to [Pt*A3C1]C1 by
selectively removing the PtC142' anion either by (a) adsorption onto a

strong anion resin(C1 form) or (b) adding a stoichiometric amount of

[PtA4]C12 to precipitate the salt, [PtA4][PtC14].

Tissue distribution of chloroammineplatinum(II) complexes

Comparisons of the preliminary tissue distribution data for these
complexes are shown in Tables 1 to 3. Thus far, the following empirical
observations have been gleaned from these data (% dose/g-tissue, organ/

blood ratios, and relative tissue distributions) at 24 hr postinjection

in the female Fischer 344 rat:

(1) Organ levels generally increase in the order

[PtA4]C12 < [PtA3C1]C1 < gigf[PtA2C12] < K[PtAC13]
I IT - I11 v

< trans-[PtAZCIZ] < KZ[PtC14]
IV VI

which appears to parallel trends in reactivity, the net negative charge
on the complex, and/or the number of chloride ligands attached to the
central metal atom, Pt(Il). The cationic complexes, I and II, exhibit

the Towest retention in all tissues, except that compound I exhibits the

10717131
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highest retention in the brain. The doubly-charged anionic complex VI
shows the highest tissue retention in 8/13 comparisons. The singly-

charged anionic complex V exhibits the highest blood (1.31% dose/g) and

spleen levels.

(2) Organ selectivity, as judged by organ/blood ratios, appears optimal

for [PtA4]C12. Values for the liver, kidney, and brain are 21, 38, and
7, respectively (ref. Table 2). An intriguing result is the relatively
high uptake of I into the brain. The % dose/g-tissue and brain/ b]ood
ratios for I are the highest of any of the complexes, i.e., 3.7 and 135
times the values for cis-DDP, respectively. Interestingly, the level
for I (a dipositive cation) is 6.4 times that for Il (a monopositive
cation). This apparent selectivity for a dipositive complex cation,
which would not be expected to pass the "blood-brain barrier,” might
come about by transport as an ion pair and/or by a mechanism similar to
the transport of quaternary amines. It also suggests potential utility
of 1 (or congeners) as brain scanning and/or a radiation sensitization

agent, in conjunction with radiation therapy of brain tumors,

(3) Kidney levels increase markedly in the series, I to IV and then

fall abruptly at KZPtC14 (10X less than for trans-DDP). The data for
the adrenals suggests a similar but less pronounced trend; however, the
full set of data is not available as yet. It is not known at this
point whether the relatively low kidney levels for KthC14 reflect a
generalization that doubly-charged anionic platinum (metal) complexes

lead to lesser kidney retention (and potential damage). What does

appear clear however is that doubly-charged chloroammineplatinum (II)

10711135
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species (cation and anion) are taken up in the kidney far less than
their monopositively charged analogs. Intrinsic reactivity as well as
species mobility (transport) may contribute to the apparent selectivity.

Additional correlations will be forthcoming in the next report.

PHOSPHORUS-33
D. V. Woo and K. R. Ambrose
Experiments conducted during this quarter have been concerned with

developing techniques to be used in the in vitro evaluation of cyclo-
33

phosphamide and its ““P-labeled analog. Previously the hepatic 9000Xg
homogenate (S-9) from the Fischer rat which was used for the activation
of cyclophosphamide had shown significant cytotoxicity at low concentra-
tions. At sub-toxic concentrations there was an insufficient amount of
microsomal enzymes for activation of the cyclophosphamide. The liver
homogenate (S-9) obtained from a different rat strain (Sprague-Dawley)
was tolerated at higher concentrations, indicating a lesser degree of
cytotoxicity to the KB tumor cell line which has been used in published
studies of cyclophosphamide cytotoxicity. The optimization of the

microsomal activating system and necessary techniques to conduct an in

vitro assay of cyclophosphamide will continue in the next quarter.

TELLURIUM-123m
F. F. Knapp and K. R. Ambrose
Telluro Amino Acids
WZA large scale preparation of 5-[B(methyl telluro) ethyl] hydantoin
(IVb, Fig. 2) has recently been completed. We have found that the
yield of (IVb) formed upon reaction of methyl tellurol (IIb) with 5-(g-

bromo ethyl) hydantoin is critically dependent upon the reaction conditions

1g1713b
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ORNL-DWG 78-2201
Step | R-Te{Te—R <«—— Ng,Te, + Rl

Step 2 i NaBH 4

- R—Te—H (Na) + Br—CHzCHz—C‘LH—TH

C  Cso
o” \N/ o

H

Step 3
R—Te = CH,CH,— CH—NH
c
NoO/C\ 7/ o
N
H
]
Step 4 l Wt
R—=Te—CH,CH,— (I;H—TH )
c . ¢
0= X /N0
<N
H
v
Step 5 oH
NH2
R—Te—CH,CH,— CH
COOH
A
Fig. 2. The synthesis of telluro amino acids.
(a = C6H5, b = CH3)
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(Fig. 2). When (IVb) was prepared bf the same methods that had been
used successfully to prepare (IVa) in high yield, the 5-[B-(methy]
telluro) ethyl] hydantoin (IVb) was obtained in only a low yield (20%)."
Attempts to increase the yield of (IVb) involved a detailed analysis of
the various reaction parameters: the solvent used in Steps 2 and 3, the
acid used in Step 4, the solvent used for extraction in Step 4, and the
solvent used for crystallization of the final product (IVb). The
initial product formed in Step 3 is presumably the sodium salt of an
enolic isomer of (IIIb) since the reduction conditions are strongly
basic (e.g., NaBH,-ROH; pH 8-9) and the product is water soluble.
Conversion of (IIIb) or an equivalent structure to the neutral product
(IVb) is critically dependent upon the nature of the acid used in the
acidification step. While (IVa) can be obtained in high yield by acidif1-
cation of (IIla) with 1 N HC1, careful acidification of a solution of
(I1Ib) with this acid resulted in the formation of a black tellurium
precipitate and only hodest amounts of (IVb) were isolated under these
conditions. The majority of the product isolated consisted of a polar
decomposition product as determined by chromatography. Experiments are
now in progress to identify this material. The use of HZSO4 in Step 4
dramatically increased the yield of (IVb). Optimal extraction of (Ivb,
after Step 4 was accomplished with ethyl acetate. Finally, crystallizat-
ion of crude (IVb) was best accomplished with acetone-petroleum ether.
These careful studies have resulted in the optimization of the reactior
conditions and 5-[B-(methyl telluro) ethyl] hydantoin (IVb) has now

been prepared in 55% yield.
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The potential use of 123"‘Te-1abe1ed telluromethionine as a pancreatic
imaging agent is one of our interests, and our immediate goal is to
determine the tissue distribution of telluromethionine in rats., OQur
present method of preparation of telluromethionine originates from the
generation of dimethyl ditelluride (CH3-Te-Te-CH3, Ib) which is a
highly volatile intermediate. Our present method also~involves numerous
manipulations, and the generation and use of ]23mTe-1abe1ed dimethy]l
ditelluride by these methods would require complex containment procedures.
These problems are a result of the apparent necessity of introducing
the tellurium at the initial step of the synthetic scheme. For these
reasons we are presently deveioping the methodology for preparation of
DL-2-tritio-telluromethionine (2-tritio-Vb) for the tissue distribution
studies. The tritium label can be introduced in a high-yield one-step
reaction by hydrolysis of the 5-[g8-(methyl telluro) ethyl] hydantoin
(IVb) in basic solution of tritiated water (Fig. 2). The results of
the preliminary tissue distribution experiments with the 3H-1abe1ed
telluromethionine will determine whether the development of a method

for the preparation of the ]23mTe-1abe1ed amino acid is warranted.

Telluro Steroids
A large-scale preparation of 38-hydroxy-24-(isopropy! telluro)-
chol-5-ene has recently been completed. Attempts are now in progress
to obtain crystals of this material that will be suitable for x-ray
analysis. Such studies would unequivocally confirm the structure of
this unusual and potentially useful steroid. 1In addition, the x-ray
analysis of 3B-hydroxy-24-(isopropyl telluro)-chol-5-ene would also

represent an ihteresting structural problem.

107171319
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The preliminary results reported earlier (ORNL/TM-6044) described
the synthesis and tissue distribution studies of two ]23mTe-1abe1ed
neutral steroids which effectively concentrate in rat adrenals: 3B-hydroxy-
24-nor-23-(isopropyl telluro)-5a-cholane (VI) and 3B-hydroxy-24-(isopropy!
telluro)-chol-5-ene (VII). A comparative study of the tissue distribution
of ]23mTe-1abe1ed (VI) and (VII) in male and female rats indicated a
higher adrenal uptake of both compounds in females when compared to the
results of similar studies conducted with male rats. In addition, a
somewhat higher adrenal concentration of ]zamTe-labeIed (VII) as compared
to ]23mTe-1abe1ed (VI) was detected in female rats.

To determine the relative concentration of the labeled steroids
within the adrenal cortex and medulla, rats were injected intravenoﬁs]y
with ]23mTe-1abe1ed (VI) or (VII). Two days following the injection,
the adrenals were removed, dissected to separate the medulla and cortex
and the radioactive contents of each section then determined. In one
experiment (Table 4)lfema1e rats showed a higher medullary concentration
of ]ZBmTe-labeled (VI1), whereas the concentration of radioactivity
within the cortex and medulla of male rat adrenals was approximately
equal. In another experiment female rats injected with 123mTe-1abe1ed
(VI) again showed the higher medullary concentration of radiocactivity.

Other workers2 have reported a high uptake of 75

Se-19-(seleno methyl)-
cholesterol in the adrenal medulla of female dogs, although the relative
concentration of radiocactivity varied between the cortex and medulla at
different time periods.

We are unable at this time to explain these interesting results

using the 123Mre_1abeled steroids. Although we are unaware of the

RRERL
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possible significance of the high medullary éoncentration of radioac-
tivity following administration of the 123mTe-1abe1ed steroids we feel
this interesting observation should be studied further. OQuring the

next quarter the possible sex differences in the relative concentration
of radioactivity in the medullary and cortical tissues following injec-
tion of ]23mTe-1abe1ed (VI) will be determined. We also plan to initiate
studies that will compare the concentration and retention of radioactiv-

ity in rat adrenals following injection of the two ]23mTe-labe1ed

steroids.

Table 4. Adrenal (medulla/cortex) ratios? two days following
intravenous administration of ]23mTe-1abe1ed steroids

123mre _1abeled steroid T - Female rats Male rats

38-Hydroxy-24-nor-23-(isopropyl 2.34 + 0.78 b
telluro)-5a-cholane (VI) . -

"+

38-Hydroxy-24-(isopropyl telluro)- 2.07

0.24 1.04 £ 0.14
chol-5-ene (VII)

%The ratios are calculated from % dose/gm of tissue data.

bThese data are not yet available.

BETA-ADRENERGIC MYOCARDIAL AGENTS
D. V. Woo
Because of our longstanding involvement in Medical Cooperatives with
. 43K and myocardial imaging, a synthesis program has been initiated to
develop specific radio-labeled beta-adrenergic antagonists for possible

myocardial imaging. In published reports similar compounds have been

10717141



10717142

17

studied in vitro using high specific "activity radio-labeled analogs.
These compounds bind td&Beta-adrenergic receptors in various model
systems (turkey erythrocyte membrane, cardiac tissue) in the presence
of other competing uptake mechanisms. Ch]oropracto]o],’which has been
reported by Erez et a1.3 to bind specifically and irreversibly to the
cardiac beta-adrenergic receptor, appears to be a potential candidate
for labeling with a gamma-emitting radionuclide. If labeled in suf-
ficiently high specific activity, chloropractolol could conceivably be
used to image the heart with current nuclear medicine instrumentation
and thereby delineate the dynamic physiological function of these
receptors in intact animals during normal and pathophysiologic condi-
tions.

The synthesis of chloropractolol (V), 1-(4-chloro-acetamido-
phenoxy)-3-isopropylamino-2-propanol, involves the following reaction
scheme shown in Fig. 3. Compound I, p-acetamido phencl, is reacted
with an excess of 1-§h10r0-2,3—epoxypropane in a methanolic-sodium
hydroxide solution at room temperature. After stirring approximaté]y
16-18 hr the solvents are evaporated off in vacuo. The residue is
dissolved in ethyl acetate, washed with distilled water, dried with
MgSO4, and the organic solvent is evaporated in vacuo. The inter-
mediate II, 1-(4-acetamido-phenoxy)-2,3-epoxy propane, is recrystalized
from isopropanol and further reacted with an excess of isopropyl amine
in isopropanol at room temperature. The reaction is stirred for approxi-
mately 16 hr; the isopropanol and unreacted isopropylamine are evaporated
in vacuo. The resulting compound III, 1-(4-acetamido-phenoxy)-3-

isopropylamine-2-propanol, is recrystalized from an ethanol-ethyl
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acetate solution. Deacetylation of the acetyl group on III via acid
hydrolysis (concentrated HC1 in ethanol) resulted in IV, 1-(4-amino-
phenoxy)-3-isopropylamine-2-propanol, dihydrochloride (after in vacuo
evaporation of solvents). Selective chloroacetylation of the aniline
function of IV in a 0.1 M phosphate buffer at pH 6.5 resulted in
chloropractolol (V). The pH of the reaction was maintained at 6.5
with a 5 N NaOH during the addition of an excess of chloroacetyl chloride.
After 2 hr of stirring (1 hr at 5-10°C and 1 hr at room temperature),
the solution was filtered, cooled (5-10°C), and made alkaline to pH 10-
11. The chloroacetylated product (V) is observed as crystalline plates
forming in the solution. Presently, all of the compounds (I-V) have
been synthesized. Characterization of these compounds by nuclear
magnetic resonance (]3C and H), infrared and mass spectral analysis
have provided spectra consistent with the chemical structures of the
compounds. Alternatively, the high temperature of the inlet system used
during mass spectral analysis could have resulted in thermal decomposi-
tion of (V) prior to ionization.

Optimization of the reaction conditions for selective acylation of
the aniline function will be reported during the next quarter. The
synthesis of radio-labeled chloropractolol (V') using lodine-131 will
follow similar iodination procedures reported in the literature.
Radioiodination of chloropractolol (V) or the deacetylated intermediate

(IV) using chloramine-T and carrier-free Nal3!

I in a buffered media
will be tested to determine which substrate is the most stable under

the reaction conditions required for labeling.



20

Projected studies using high specific acfivity radioiodinated
chloropractolol will determine basic pharmacokinetic parameters in test
animals in collaboration with N. Revis of the Biology Division. Also, in
vitro studies using isolated cardiac tissue preparations will be used to
determine the specificity, affinity, and kinetics of binding of chioro-
practolol and its radio-labeled analog, along with other known competitive
agonists and antagonists. After characterization and evaluation of the
labeled product, further studies with experimentally induced infarcted
animals will determine relative myocardial distribution of the labeled

product between normal and damaged tissue. If there are apparent dif-

ferences in distribution, then external imaging may allow one to visualize

such differences.

IMAGING AND INSTRUMENTATION
P, R. Bell and J. M. Dougherty

Translation of bRIS from PDP-8 to PDP-11

The resident program

The resident program of the Oak Ridge Imaging System (ORIS) for the
PDP-11 has been expanded to include comment text provisions so that
processed images include the text describing the subject, dose, and other
parameters>entered by the operator in free format. The text provision
also includes the automatic appending of processing tags so that photo-
graphs show the image processing performed on the image photographed.

A command was added to type out the current image comments since we
have no display with the borrowed PDP-11. The quantitation marks and

typeouts, as well as a full set of "display level" and subtract
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(thresholding) commands similar to those available in the -8 version,
have been added to the resident program. Although the PDP-11/05 has no
display, these provisions became essential while we were debugging the '
-11 version of the Fast Fourier Transform program, TWOD. Areas of the
processed image could thus be typed out for examination in array format
without having to go through the cumbersome and time-consuming process of
writing the tentative image to the diskette and transferring the floppy
disk unit to the PDP-8 for examination after each small program test.
Commands were also provided to scale the values of the image elements
before writing on the diskette image file since the PDP-11 word is larger
than the PDP-8 word. The TWOD program has automatic integer arithmetic
scaling which takes full advantage of the accuracy afforded by the avail-
able word size in the computer. This automatic scaling leaves the image
too large to be transferred to the PDP-8 without scaling. This problem

is rarely or never encountered with unprocessed clinical images.

The Fast Fourier Transform Module TWOD

The image processing program for the PDP-11 most desired by the
Vanderbilt group was the Fast Fourier Transform (FFT). The TWOD module
of ORIS containing this procedure was translated and is now operating
properly. The TWOD procedure gave us considerable difficulty as it is a
very complicated mathematical process. Besides the main program, it has
27 subroutines and 3 function tables. Added to the ordinary program
errors generated in the translation, we had to find four of the concealed
and va\ue-dependent kind of errors. The performance of the TWOD is now

excellent. Its difference residuals are about one-third that of the PDP-8
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program for the forward and reverse transformations of a relatively
intense 64 x 64 clinical image, because of improved numerical significance
of the larger word size of the PDP-11.

The TWOD module performs the following operations:

1. Reads the image to be transformed.

2. Zeros the edge elements to reduce dissymmetry effects.

3. Determines the average value of all the elements in the image and
subtracts this from all elements to remove the zero-frequency
element in the frequency domain. This element is usually by far
the largest and its removal allows the program to achieve higher
precision via the automatic scaling.

4. Performs a phase transformation on the element values so that zero
frequency lies in the center of the frequency domain, making radially
symmetric filters easier to use.

5. Transforms all image lines by the FFT process in one dimension.

6. Transposes both the real and imaginary images.

7. Again applies the FFT to the real and imaginary lines as in 5,
producing the real and imaginary Fourier images.

8. Tests a flag in the radial filter function table ahd, if it is set,
carries out the adaptive filter process on the real and imaginary
images.

9. Converts the radial filter function into a full field filter and
multiplies both the real and imaginary images by the filter point-
by-point.

10. Performs the inverse FFT on all lines of the image.

11. Transposes the real and imaginary images.
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12. Again applies the inverse FFT as in 10.

13. Applies the phase transform to the real image to return it to
normal.

14. Corrects the image average value for any net scale increase or
decrease during the transformations and adds it to the image re-
storing the average value.

15. Rewrites the transformed image to the working area on the disk and

appends the FFT tag (with or without the adaptive filter tag) to

the image comments.

FILE program

A program to access raw data images from the Digital Equipment
Corporation (DEC) GAMMA-11 image files and make them available for pro-
cessing and for storing the results of processing back into GAMMA-1}
files must be written. This task is made somewhat difficult due to the
complex way in which the image condition is given in the GAMMA-1] ad-
ministrative b]ock; and the changes that are being made by DEC in these
blocks. The program itself is not too difficult, although a consideratie
variety of image formats are used. A temporary program performing some
of the functions is now being used to access patient files from copies :*

a disk file from the VA Hospital at Lexington.

Development of an adaptive filter

A nonlinear imaging processing method involving operations in the
spatial frequency domain was introduced by D. L. Kirch and D. W. Browr -
1972.4 This method has great potential and complements the nonlinear

methods in the spatial domain since it can attack image faults inaccess':
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in signal space. The method had a considerable fault as originally
proposed, due to the large intensity and wide-spread presence of freq-
uency components arising from the truncation of intense parts of the
image at the edge of the camera field -of- view. The strong components
of this artifact obscured many of the unwanted components and shielded
them from treafment by the frequency domain process they called an
"adaptive filter."

In order to provide a practical version of this process, we found it
necessary to develop an automatic method to reduce the effects qf image
truncation. A program was developed to find the edge of a camera image
(which is not always in the same place in the computer image array) and
apply a cosine rolloff before performing the direct FFT.

The adaptive filter process consists of testing each real and
imaginary component of the frequency domain and if neither component is
larger than a comparison value previously established for the image, then
the sum of their squares is Eompared with the square of the comparison
value. If the sum.of the squares is less than the square of the test
value, both real and imaginary components are set to zero. In this way
much of the image noise and, equally important, many weak nonrandom
interfering components are removed. After this adaptive process, the
ﬁormal‘émoothing or a smoothing-and-resolution-sharpening filter, such as
a Weiner filter, is applied to the frequency domain before inverse FFT
transformation back to the signal domain. Preliminary tests of this

adaptive filter are encouraging and the translated version is included in

ORIS-11 as an option.
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ORIS report

Volume II of the ORIS report (ORNL/TM-5875/V2), which serves as a
program description and an operator's manual, has been completed and is
available from the ORNL Biomedical Computing Technology Information
Center as a part of the MED/8-ORIS code package. The program listings
and comments are in late stages of completion and will appear as
ORNL/TM-5875/V3. Plans for writing the algorithm descriptions and
system performance are being completed. This part will be issued as
Volume 1 of the report. A separate, considerably smaller report will be
written for the ORIS-11 system when it is in operation in conjunction

with GAMMA-11 at Vanderbilt or at Lexington.

MISCELLANEOUS

Six shipments of 43

K were made this quarter. Three shipments were
to the University of Mississippi for their coronary disease studies in
comparison with similar images obtained using 201T1. Two shipments went
to the V.A. Center, Wood, Wisconsin, and one shipment was sent to the
National Institute for Environmental Health. |
Three batches of 64Cu were supplied to ORAU for their continuing

64

study of the tumor localization of ~ Cu citrate and 64Cu bleomycin in

tumored rats.

A cooperative program was initiated this quarter with the ORNL
Biology Division to examine the usefulness of neutron activated chryso-
tile "A" asbestos fibers in their study of the distribution of asbestos
in rodents following the deposition of fibers in transplanted tracheas.

The principal radionuclides produced by neutron irradiation are 5]Cr,
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SgFe, 6°Co, and 46Sc. The proposed method of determining translocations
of theA{ideg in rodents is separation of the fibers from various tissue
samples and-measurement of the quantity by determining the radioactive
- content. Hdwever, previous investigations have shown that the radio-
active species will leach from the asbestos in vivo and thus alter the
réhioacthélCOncentrations. The purpose of this cooperative study is to
dgiermine‘the leach rate of the principal radionuclides in appropriate
média andftéidetermine whether corrections can be made to allow using the
- -radioactivity present in a sample as a measure of the amount of asbestos.
; Visitors this period include: a tour of Nuclear Medicine Technology
“>’studeﬁts*from Hillsborough Community College, Florida; Dr. Robert West,
.~ _ - University of Minnesota, to discuss synthesis of organotin compounds of
potential biological interest; and Dr. Michael Zalutsky, of Franklin
Mclean Memo;fa1 Research Institute to discuss preparation of short-]ivea
radiopharmaceuticals. . | 7
2. paper at the 18thAnnual Meeting of the
Southeastern Chapter af tht Sotiety of Nuclear Medic1ne N1nston-5a1em,

F. F. Knapp pres_?::f”

r g 5

North Carolina, Octoj 1577 and also presented a seminar at ORAU ;

-

entitled “Te]lur1um~_q‘y t:heied Steroids‘ A Neu Class af Potiatan

Adrenal Imaging Agen__ 74}8 8e11 attended the~ﬂuc1ear Science Syti=
posium of the IEEE in Sfb'?rancisco, California, October 17-20, 1977
where he presented a.teaehihg session in the IEEE Short Course on Nuclear
Medicine. He also pregented an ORAU Traveling Lecture entitled "Origin

of the Solar System," at Huntington College, Montgomery, Alabama on

December 6, 1977.
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"IMPROVED TISSUE-SPECIFIC SCINTIGRAPHIC IMAGING AGENTS®

I"vem'm

Background of the Invention

This invention was made in the course of, or under, a contract
with the United States Department of Energy. It relates to the pre-
paration of lzsmTe-1abe1ed organic compounds useful as tracers for
the study of metabolic pathways and physiological research.
Additionally, compounds of this invention have petemtiad utility as
radicactive imaging agents for the detection of systemic or organal
disorders.

The use of radicactively labeled organic compounds in
the study of biochemical reactions is well known. Tritium, 14C and
32P have beep used extensively since their corresponding stable
isotopes are present in practically all important cellular components.

75 a“d W‘av&y D2, /___Id‘l'_,l'J'
SeApave also found

A
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Biochemical agents labeled with “"T¢ and
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cnomes—hat—else?)_ oot Vupbysicligical chd\EXQVJ)bbh.xb

',r"dd?.’ +he dle+e- L L7 LI Yo, ov 8. -0 2>
Suth a8 oycer pes oo ywes ,c do dedo 4 oabri
{.f','ix'.;..".-ﬂ st

X Steroids labeled with 1311 and 755e have been proposed as

d

adrenal imaging agents. Results in laboratory animals, i.e. ;*ée, dogs,
Tt have shown acceptable adrenal accumulation of the agents
good quality images of dog adrenals have been obtained. The use of
755e-13be1ed 3 Beta-hydroxy-10-{methyl seleno)-cholest-5-ene is
described in 5. D. Sarkar et al. in Journal of Nuclear Medicine, Vol. 16,
p.1038 (1975).

One di sadvantaée [

I Tabeled adrenal agents is that the
radiolodinated stercids were very unstable in vivo resulting in a high

thyroid accumulations of radicactive iodine. Additionally, 1311 has-
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a limited shelf life and results in a high peta absorbed dose. The
7559 nuclide decays with the emission of two high energy photons
which result in inefficient collimation and poor quality images.

Certain of the prior art difficulties could be avoided by the use of

123"‘Te-labe1ed agents as suggested in Radioactive Pharmaceuticals,

Andrews & al. CONG-GS‘I_}QI“I, Springfield, Virginia, Nationa) Bureau of
Standards 1966 p.118. German Patent 2,553,408 also suggests the use of
123“‘Te-labe1ed compounds and describes the synthesis of a steroid
haviﬁ; nonradiocactive tellurium present at position 19.

Another useful class of tracer compounds are radioactively labeled
amino acids. Labeled amino_acids have been used in the study of protein
metabolism and synthes1s) }or example, that taking place in the
pancreas. Labeled amino acids are also useful in the study of the
effects of various pharmaceuticals on protein metabolism. ([Can we pro-
vide some references which describe the use of radiocactively-labeled

amino acids in the study of metabolism etc.?) [/(_)e A [ Ve o

. I4
L - | .
o & oo r s & s, feiea o4

R RN

123mTe-Iabeled amino acids are likely to be isoteric with the
sulfur analogs and behave similarly in vivo. Additionally, the hig}\
quality scintigraphic images produced by the 123"'Te nuclide is a
substantial improvement over labeled amino acids. Prior art attempts to
prepare telluro-amino acids by microbiological methods have been
unsuccessful, see Kolar Z., Int. J. Appl. Radiat. Isot. 25 330 {1974).

Summary of the Invention

It is an object of this invention to provide 123"‘Te-1abeled

biochemicals.

It is a further object to provide a method of synthesis for

123"‘Te-1abe1ed biochemicals.

These and other objects are achieved in a method for the preparation
of 12:"'“Teolabeled organic compounds comprising the steps of (a)
reacting a di-alkali metal ditellurol M 123"'Te with a halogen-

2
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substituted organic compound, R-X, R being an alkyl or aryl group, to form

123m

a symmetric diorgano-ditelluride 2 "“"Tep, (b) reacting said diorgano-

ditelluride with a reducing agent to form an alkali metal organo telluride

g 123m

of the formula Te-M, (c¢) reacting said alkali metal organo

telluride with a halogenated organic compound with a formula R'-X, R being

an amino acid group, a group hydrolyzable to an amino acid, or a steroid
) 123m

side chain to form an organo telluro of the formula R'- Te-R.
' Detailed Description
One aspect of this invention involves a synthesis of 123'“1’13

tabeled steroids by methods which introduce the Te into the side chain

rather than the steroid nucleus.

g A

As used herein, the steroidal side

BN

chain group is defined as“'the well known cyclopentanophenanthrene nucleus

-ebeh an alkyl group from the No. 17 carbon atom as shown in drawing.

Without departing from t.he spirit of this invention, the steroid nucleus can
TR - U ver ety
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According to the methods described herein the introduction of the
into the side chain rather than the steroid nucleus preserves the

geeometry of the steroid nucleus [Why is this important?)
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Due to the general instability of telluro organic compounds, the pre-

sent synthesis method minimizes the need for isolating intermediates.
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The reaction sequence leading to a stercid having a tellurium labeled side
chain involves the reaction of a steroidenor-halide with an alkali metal
alkyl tellurol to provide a steroidal alkyl tellurol,

A. General Procedures for Preparation of —— 123"'

123"'Te is conveniently prepared from isotopically-enriched
122Te, obtainable from the isotope sales office of the Oak Ridge
National Laboratory, Oak Ridge, Tennessee, 37830. The radiation of this
isotope in a neutron flux provides a lA23'“Te isotope. Generally,

irradiation will result in melting of target metal resulting in a hard

mass upon cooling. The target is taken into solution in an acid solution

L —

such as aqua regia, N\ ~ T - étc. which is evaporated

to dryness to prov1de a tellurium salt. The salt can be redissolved in acid

such as " v go assure complete QM and again
[ GRS <

rcduc-" 9y

evaporated to dryness\/ The resulting solid is d1ssolved in water. A sd-t

B The Molbr jcoduces - (O,—> Te —-JJ
sweh—es MABR s added UWWTT . 4 L1he 2o, Abhes red uie-

bhre Te (TF) dowon 2o petallic delluriun [{7 Tt(OJ],

and the solution is boiled for one-half hour (Why? ~F~.
e--\('v""!‘ et ’(W}'( A~

- -

Fria-Aie- 2 re-e

P A ‘j Crlriy vif o o8 =
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30
and cooled. Soz" is bubbled through the solution to cause the precipita-
tion of tellurium metal which can be recovered by filtration, etc.

-L V3
{1s this a known method of tellurium precipitation’] ves- T - ei\é"y.\a( o~
w3°|—|=> I - T CevCr o PaSIE SR AN B , Hup - < ;
3'.{ B(Q\Jf’,]r\’lv -1':. “ppl nd.e-\ g{ ‘:L"‘E""l—)z“ <.

12?"“Te can be combined with carrier (non-radiocactive) Te in the initial
Te dissolution steps to reduce the specific activity to the desired level -
wirttrpronidiag—icotopic=homagentedy. The remainder of the synthesis will

be described with reference to Te, with the understanding ﬁat some or all
of the Te is in the 123mTe form.

B. Preparation of An Alkali Metal Alkyl Tellurol

The preparation of a dtﬂka” metal ditelluride is achieved by the
direct reaction of tellurium powder with an alkali metal. This can be con-
veniently achieved by reaction in liquid ammonia to form MzTez, M

being any alkalf metal. [Would any other non-aqueous solvent be suitable?]

Ne - "'i_V(.'A A nAry oA SO0 Ywriaue Jc‘u<»¥— {eor )
tsoluatimg '’ €elretrors fhat Com A Ve De q,;g{ Ler rveoedwed (o
£9. M3 —=> Mot ye- i = + Te—> Te~ 6 c+c,

Cerm.‘z Ao, Tey - +hws 4 &« gereral Corrmon Frress -

4+ b re < /
e-a 4 erefere neecd o) < eiereced.

L7L
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‘ : (R Ter).
MZTe2 is then converted to the desired di;a]ky\-dijtelluridea Since
MzTe2 is unstable, it is reacted in sity by the direct addition of
the appropriate alkyl halide to form a dialkyl-ditelluride

{Is it essential that the R-X be added only after the NazTe2 is

formed? Please explain) Ves  the ced cey-a 4 rraidiees 151
7 L3
T
MNMa + T —> Maz'Tc —= AJa- e + R X — 917(1

- T ex 1 RXx s added priee Lr-

te :onma\-’,c» o+ A, Te,

<@q

Voow the NapTe P >
Yo » C(ars’ v <« R-Z__r( {,IQ:M !r,"'t— ::.h.gt:).‘a h:+ :clf‘);i‘j:d ,Z'TC-H
widh BT T’\(r(:ugJ ore ruslh Load el ~e Teq . (L)‘

The reaction product is extracted with a suitable organic solvent such as’” <&

<
Or,\_”‘,
benzene, AMode: alpmest 8+, srganie Solur.® rov ke u/cd/

2 d'ac-‘l«\/( et lie, CJ"’)/{ ﬂcf‘a'&;/ Y‘r\g\ilﬁa-glieklﬂ-k.l( he)(c-c/ ede. -
ev-¢cve 15 besd egcow-Jlc« the “Morgan,c by-prsd o T Ye) o
- e S s b P crs (J.t < <
rok Tennutsibied s 4 dt):::t;'ﬁ:¢_,‘b(',)"< tew be cased 1~ b ke

ep.
capable of extracting,dialkyl di\_’-/teﬂuride. @i.) The extracted dialkyl di-

telluride is reduced to form an alkali metal alkyl telluride by the addition

of a reducing agent such as alkali metal borohydride,

hry hydride reducivy ocoevx Lot voLal, ool BaT
2 lo';/_,r dy"ape A w.{*‘ bC(a.JJ-c ;4_ ’fﬂa‘r”/
reduees +re —T(ﬂl&-T(—- bcr\d/ D= YR P s N -
W-’*"“/ mdbe., S dlell oz lpy,
-

{Does the reducing agent have to be an alkali metal compound?] A/c, :d'i=~

dal s~ 4 ke a K ! i vy | e .
[aE R T ; ’,rtprm\& < 8ive % x),.r‘d'ur—. Seerfes Yoe e

S oe :iyla*c a. N roas, tiheus W])l- o te B

NaOH is Tdedﬂto ?e mixture }nd refluxed [(th?] T rneehe sSuve ihe rodive
Stk o - Te-H 3 cr ned £, R= Te-Ae ar 4 q{‘ro + o
Livdvolyre the sdevoid a(e_{-*z €rim.. §3¥L: {oce erler .

+h':J'dMaV~n€- o, gditievael ste ,‘,I' rot pme-d-d Sim o -
cc¢ aleappol jrdbe Sovm e thert,

The reduced product is an alkali metal alkyl tellurol. According to the
method of this invention, the alkalil metal alkyl tellurol M-Te-R is reacted

with any halogenated organic compound R'-X to form R-Te-R'. [Are there any %
The fompourtion %
limitations on the composition of R'? Please explain.] jr esce.~2ally L,limaver
avs would deperd wpor R beime saluple gre T~ople
Vi

vvdev the yeackien 'toagitioYr acrensl v rod.
T. Preparation of Steroidal nor-Halides -
Orne

?he—prefenf!d preparation procedure is a modified Hunsdiecker degrada-

tion of bile acids and other steroids containing carboxylic groups in the

side chain. [Is a carboxylic acid group necessary? Why?] e~ dhe o0 &
have. Deer wsed elre~tiall ccacie fhe ave reasily
2 salyihle O0-4 eor ly cermver s esd N g 3 he hgo]jdes )}
this reahiom. 7

-\
This degrgdation comprises reaction of an appropriate steroid with mercuric
J/
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oxide browide, ngt)-!ar2 in refluxing carbon tetrachloride, and is

described in detail in Cristol, S. J. et al. J. Org. Chem. 26, 280 (1971)
CWease erovo,”‘)
nerein incorporated by referencea The result of the mod\ﬁed Hunsd1cker

degradation is a steroidal nor-halide. [Do you know of other methods of

Sr P €aw >
preparing steroidal nor-halides? What does =hor- signify?] - _7, bir. ras bee.
reresued —~ayd r thil (sl Lol the canterm i tana
imtveduction oL "a“d" Trere are prevs, cdbhen- rvd“\*-
N E,gpo,‘.m €4 -r3:81 _ L4k o kalc-n ir {bhe Sd¢€ci i This
[ LI ol Cr el e~ [‘".‘.J e g-—— Sie Lt it .,

D. Preparation of 24-nor-23 Alkyl Telluro Steroids

The steroidal-nor-halide is reacted directly with the alkyli metal
tellurol product of step B. This can be performed by direct addition of the

nor-halide as a slurry in a suitable organic solvent, for example benzene.
absovpiion Clhbormatiere "\
The resulting t.e]’lur% steroid can be recovered by Etm—exchnge- [Any otherf

v 3lwer o "-'f:*-— R T e
recovery methods?] c.—'A be worn o hick derl der T phia~lo e,
'-"""”’*“j"f)"y, h'.jt——fy(.wu-e .‘lstu'ud c,krorvu*hjr&f”/,

E. Preparation of 123"‘Te-1abeled Amino Acids

The preparation of telluro amino acids involves the reaction of a halo-
genated organic compound with an ’a'l_kah' metal telluride. Unlike the seleno
compounds used in the prior art.n‘a;:ﬂ( telluro compoounds are too unstable
for use even at the site of formation. Attempts to introduce tellurium from
benzyl tellurides into amino acids have been unsuccessful. [How were they

unsuccessful? Did no product appear, or was it very low yields, etc? Were

other a1ky'| tenuﬁdes attempted?] CE T

L

\ b- PRI S e st _de el T o- Covre s @ . Do
e r A e - 1:""-1‘""* R R I T IR
-, “ I 3. .,’_/-* - e fV‘(v-"’/[ ¥ Qi Loz
//(' A D S s 'S J"Q 1. S e ‘}“'J/)/—‘\“""L‘Icuq’b——r e
I G M
L - o

[Why can alkyl tellurides be used in steroid labeling and not amino acid

Thi ¥ awn i ercsdir wesdicr: - oA
labeling?] be 2 Luvcdior & IbT imPercad ’vl bl ")«o
+he roleca les.

1t has been found that the instability of alkyl tellurides can be over-

come by the use of phenyl tellurides. Following is described the general

. 12370
procedure for labeling amino acids with Te.

b
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A. Preparation of éggmie-labeled Diphenyl Ditellurides

123m

Phenyl magnesium chloride is reacted with Te to form a

diphenyl telluride. [Please describe this step in detail.]

Sec Mede = |

[1s there any reason why the diphenyl telluride cannot be prepared by the

same method used in the preparation of dialkyl tellurides for steroid

1abeling?] Yes oyl rglides il pe* con

it h May Te v g @ Armcpm oo el e

C((C'\‘Vch W]‘*‘x’*&bd'««—).""' e cleecd, .. F{:.’*,,Jq',.r.,.’ ,
_/ < f

4 PpeJcmi‘(—. Brorm b racre Qv ~a'rr » o sk e
. ~—r . . i

G nwp 2v 4 Qighres,. l didelu, . de oo

o

Arelbicc be va’Porw“ by an

/

1011 tbl

;i(rr‘aie rce v T
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B. Preparation of Phenyl Tellurol

The diphenyl di-tellurol from step A. is reacted with a reducing

agent such as an alkali metal borohydride, or See e

[

[Please describe this reaction in detail. What is the resultant

product? Sodium alkyl tellurol?] —> g,y\ e llu-e!
N NP N

@_— Te-H

Sge NC‘;C#Q‘

C. Preparation of Telluro Amino Acid

This is readily accomplished by reaction with a hangg;nated com-
whith cor +her pe )'\yéw y_;:d o halsyendde
pound/-\i'u%m-b'nﬁt to form an amino acid, for examp]eAr\yda toin. Thiy

method is similar to prior art methods of preparing seleno amino acies, -

Klosterman, H. J. et al., J. Am. Chem. Soc. 69 2009 (1947). (Please

describe this step in detail. Also please list other materials than ny e~

toins, which can be used.)

See /\/c*‘? ’#}g
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The following examples illustrate the preparation of several repre-
sentative 123mTe-‘labe'led compounds.
EXAMPLE I

Preparation of 123mTe

12210 (94.71%), obtained from the isotope

Isotopically enriched
sales office of the Oak Ridge National Laboratory, was irradiated for 14
days in the Oak Ridge High Flux Isotope Reactor at 2 x 1015
neutrons/cmz-sec. The reactor irradiation of the metallic tellurium
resuited in the formation of a molten target mass which had solidified
during cooling. The target was dissolved in an aqua regia and the so1ution.
is taken to insipient dryness. The solid residue was dissolved in con-
centrated hydrochloric acid and taken to dryness again. The acid treatment

was repeated again and the resulting solid was dissolved in 200 ml of water

(About how much solid was there?) prc= irape, 4o, %
1

After the addition of NaBr (S grams) the solution was boiled for one-half
hour, cooled, and S0 was passed through the solution at the rate of two
bubbles per second for two hours. The tellurium metal precipitated as very
fine particles and was recovered by centifugation. The recovered particles
were washed three times with water and dried in an oven at 140°C. The reco-
very of 12?’"‘Te ifs consistently better than 90% by this method.
EXAMPLE 11
Preparation of di-sodium di-telluride.
22 milligrams, 25.8 mCi was combined with carrier tellurium, (45
micron powder) to yield a sample with a specific activity of 25.8

mCi/mmole. Approximately, 25 ml liquid ammonia was condensed into the

1011163



reaction vessel containing the tellurium powder. The ammonia is main-
tained in the liquid state by inserting the flask in a bath of

- N
LT o & dvy e i"f&' /CGC)

The reaction vessel had been previously flushed with argon connected to a
small trap to maintain a slight argon pressure during the reaction.
Freshly cut pieces of metallic sodium (23 mg, 1 mole) were added to the
rapidly stirred slurry. The solution was stirred 2 hours and progressed
through the color changes yellow, green, blue, red. The red color indi-
cated the completion of NazTe2 formation.

EXAMPLE 11l

Preparation of dialkyl di-telluride.

Isopropyl iodide (174 mg, 1 mmole) was added to the reaction vessel
of Example II by means of a syringe inserted through a rubber septum. The
initial deep red color of the solution slowly turns to yellow amber con-
comitant with the appearance of colloidal tellurium. After one hour of

stirring the ammonia was allowed to evaporate under a stream of argon
yielding a residue consisting of an orange gum containing metallic
tellurium. The residue was extracted with several small portions of benzene
(15 m1.) and the combined extracts were washed with water several
times. The benzene solution was diluted with methanol to 25 ml. and
aliquots were taken for counting. The benzene extracted material indi-
cated a 421 yield of 12¥™e gi-isopropyl di-telluride.
EXAMPLE 1V
Preparation of sodium alkyl telluride.

The 123'"Te di-isopropyl di-telluride solution from Example

Scdn—(m bQVu"\yév':dQ will k-

111 was combined with 25 ml. of methanol (Why?) reduce bhe youbidralce
a|J° the swbitratels ave wov i~ m<cadt DeCrac,e
R p|r 0 veg(t Pepie yeam‘ and the mixture stirred viJorously
= hWe bevoeme-~retbori mnr'#»vt

under an argon atmosphere. Small portions of sodium borohydride were then

added until a colorless solution was obtained which indicated complete
reduction of the di-telluride to the sodium isopropyl tellurol. In some

cases gentle warming of the di-telluride solution is needed to {nitiate the

reduction.

] 0
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EXAMPLE V¥
Preparation of stergidal-nor-bromides.
[Please describe the Hundiecker synthesis of 3 beta-acetoxy-24-nor-bromo-5-

alpha-cholane in detail, emphasing any features you regard as new.]

Scll Neodedt o

EXAMPLE VI
Preparation of 3-beta-hydroxy-24-nor-23(isobutyl telluro)-5-beta-cholane.
To the solution of Example IV was added about 80 mg. (2 mmole) of

sodium hydroxide and the mixture was then refluxed (What is the purpose

of this step?) S€c  pre s iiel  _rrpest - dhe e »toa
pase iriw.ci Swrmeation b dlie M- Te-Lovald
Ovd Alts oAy olyapr dLo e o catane 4

+bre Eree Slco Kol

112 milligrams of 3 Beta-24-nor-23-bromo-5 alpha-cholane from Example V was
added to the colorless solution as a slurry in a small volume of ben-

zene and the mixture was refluxed for 1 hour, After this time period the
reaction was completed as indicated by thin layer chromatographic analysis.
The resulting solution was poured into water and the organic layer washed
several times with water. The yellow-colored benzene solution was applied
to a silicic acid column, slurried in benzene. {(Does this silicic acid

f '

materifal have a trade name or other identifying characteristics?)

e D s

I T S Y 2 A

P . A T

[N I .

- //-
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25 m1 fractions were collected by dilution with increasing concentra-
tions of ethyl ether iﬁ benzene. Aliquots (100 microliters) of each frac-
tion were taken for counting. The specific activity of the 123mTe-
Jabeled steroid product was 26 mci/mmole, indicating more than % yield.

{why did the acetoxy group convert to hydroxy? Is this necessary or

desirable?) Caa fre Lol s f'? - b\s\lf Vil Say
o /
?‘r»d f\{p;\ro[\<\
EXAMPLE VII

Preparation of 3-alpha-hydroxy-24-nor-23-{(isopentyl telluro)-5-

h
beta-golane.

pedes e

3-alpha-acetoxy-24-nor-23-bromo-5-atpha-cholan, prepared by a

modified Hunsdiecker synthesis from [ibbhecr Ve gend 4008 A

was added as described in £xample V. [Any difference in preparation?]

no

to a methanolic solution of sodium isopentyl tellurol prepared as in Example
IV from di-isopentyl di-tellurides prepared as in Example __ . The solu-
tion was refluxed for one hour after which time thin layer chromotography
indicated the re;iion to be complete. The solution was poured into water
and extracted with chloroform. The yield was 34 milligram (32%). The
material was purified by a thin layer chromotography. [Is there anything

special about the TLC? What instrument, solvent and absorbant were used?)
R e A T P T e I X S ol SRR

. : ) .
R . - - S = e s .

LoLen - 2 . I

EXAMPLE VIII
Preparation of3-alpha-hydroxy-24-nor-23-(isopropyl telluro)-5-beta-

cholane.

- /a2 -

TRAMLL



A solution of sodium isopropyl tellurol was prepared by reduction of
diisopropyl di-telluride {135 mg, 400 micro moles) with sodium borohydride
in basic methanol in the manner of Examples 1-12.
3-alpha-acetoxy-24nor-23-bromo-5-beta-cholane (90 mg, 200 micro moles) was
added and the mixture was refluxed two hours. Purification was performed by
thin layer chromotography using chloroform solvent.) (This material and the

material of Example VI could not be crystallized, how would you propose

pur1fy1ng the product?) ~," e T < -0 - RO PR
PJI" TR Abee [P ["’;»,:"'r €N
v,\L‘_‘_xf PSR R A P R P S SR
QVQL"/V.Jb\’ Fal IR T e ;-\— | - -
s oA g TRy S -
EXAMPLE IX

Preparation of 3-Beta-hydroxy-24-nor-23-{isopentyl telluro)-5-
alpha-cholane.
3-beta-acetoxy-24-nor-23-bromo-5-alpha-cholane was prepared by the

modified Hunsdiecker degradation of 3-beta-acetoxy-5-alpha-cholanic

acid and purified, (How?) S R v e
f,':/vj < —_ Te - N\ii =L
The product was crystallized from methanol and water to give fine need'es.
,-———-——-————-' (- “““ \

To this material was added 200 nu moles of sodium 1sopentyl tellurol T

‘WR 'E\e reaction mixture was poured into water and the c-.3e
product extracted with chloroform. Purification by thin layer chromo-
tography gave a thick gum the product was homogeneous by thin layer chromo-
tography analysis and trituration with a small volume of ether gave a

solid having a melting point of 78 to 80°C (How has this material
7/
purified?) b, L

The 3-hydroxy-24-nor-23-(alkyl telluro) steroids are relatively

insoluble in ether but are readily extracted from reaction mixtures

10171161



with chloroform or ethyl acetate. [What is the expected difference between

alpha and beta hydroxy steroids? Which would be preferred for imaging?]

EXAMPLES X
(Please describe the successful synthesis of several 1‘3Te-amino

acids in detail. Where is it most desirable to label the amino acids?)

o

e S A

;-

/ \:.“—A - it ’ _ ‘} N 2

LT ’ — ]/-‘ LA

/J;"
;//,"\Jr e P;""i T S .
+ e ; N T, [ BRI S0 (.t
i ].\ R | N =7 - ~ — 4 -
\/ﬁ,vl';»"a\’ 2! 7’“ j """"/"33-' ol a0
be oo me o Gveg hdec
!

- i J\L"":‘ ‘,-‘/
+‘*‘L o o~ Ve S P Juf' \‘K}/‘( p"’#" \///’{
°'L f‘)‘f tell “uro Jm, el 1dd dira C}v“L?r/J"
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Y L ,}W | , <k ;
T 1o L i
Adrenti—imegimyg NI !
Fisher strain white albino rats were used for the following _;;:4__—--_._

investigation. The animals were six to ten weeks old, male rats
weighed 225-300 grams and the female rats weighed 160-180 grams. Food and
water were allowed ad libitum prior to injection throughout the duration of

123m

the experiment. Benzene solution of the Te-1abeled steroid of

Example IX was taken to dryness under argon and the solid dissolved in etha-
nol. The solution was filtered through a millipore filter directly into a
sterile vial containing a physiological saline solution containing 10% Poly-

PR

sorbate 80. (What was the Polysorbate for?)

The final ethanol concentripion of this solution was 10%. The steroid
solution (1 ml, 6-15 micro ci) was injected via the tail vein of rats

that were anesthesized with ether. The rats were sacrificed at select
times after being anesthesized with ether. Blood was drained from the
carcass into a beaker containing a small amount of sodium citrate solu-

tion. (Is this to prohibit clotting?) jo o -

The organs were carefully removed, rinsed with 0.9% saline solution and

10717169



blotted dry prior to weighing. The tissue distribution data were ana-

lyzed through a multifactorial analysis of variance computer program.

123m

Male and female rats were injected with the Te-labeled

=
_—

N4 steroid of Example IV (100-300 microcuries) as described above. After
three days the animals were sacrificed and the adrenals, livers, lungs
and ovaries were removed. Tissues were homogenized in 45 ml of a
chloroform methanol mixture {2-1, Folch medium) at 5000 rpm for 30
seconds using a Sorvall Omni-Mix device. The homogenates were filtered
through cheese cloth and after addition of an equal amount of water the
phases were allowed to separate. Aliquots of the lower organic phase
and upper aqueous phase were counted. The aqueous phase contained very
little radiocactivity. The organic layers were separated and evaporated
to dryness in vacuo and the resulting residues dissolved in a small volume
of chloroform and applied to silicic acid columns (600-200 mesh, 2 x 30 cm).
Fractions 25 ml in volume were collected by elution with increasing volumes

of ether in benzene. Aliquots of each fraction were counted.

.-

. 0 The animals were anesthesized after intrapeFTE:Eia1 injection of
.;::> a sodium pentabarbitol solution (30-50 mg/kg) and scans were obtained
& - using a rectilinear scanner equiped with a 63 hole gold collimator at a
\i;(- \ focal distance of 3 c¢cm. The animals were scanned at .25 inches per minute.
< The camera images were obtained with an RC-type proportional counter camera
utilizing a xenon gas field detector (Do you have further description of

the model number, etc. of the scanner which was used?]

{ - The disﬁribﬁtion of radioactivity in tissues of male rats was
\.‘/) determined at a variety of time intervals of 1 hour to 21 days

following the intervenous administration of the 123m

Te-labeled

steroid. The major organs were removed, weighed and counted directly
A

in a multichannel analyzer. The Qirst gzggp,distribution of radioac-

tivitykwas determined at 1,6 in 18 hours after administration. <Fhe—

~—rocuits—arepresented—in-Table-l. At the early time intervals the

e
liver, spleen, ad(}nals and lungs all contained significant levels of
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2

radicactivity. The concentration of radio activity increased rapidly in the
adrenals, however, while the lows of radio}activity decreased or remained
constant, in the other organs described aboveJ\zln the second group of ani-
mals the distribution of radioactivity was determined at one, three and
seven days after injection of the labeled steroid. FresE FESUTIS 37T TTe-
semted—in-Fatrte~TT.  The—wesults—indicate—that—the percent of the admi-
nistered radipactivity in thg adrenat—degan—to—decrease—after—one—dey—
Tnese results are further substantiated by similar data obtained from ani-

v
mals in the third group amd were sacrified at seven, fourteen and twenty-one

days after injection with the labeled steroid. Hreresutbe—af—thethird

dmsummay the radiocactive contents of the blood, Yiver and lungs are very high at

e ———

early time intervals decreasing rapidly with a concomitant increase in tnhe
radioactive contents of the adrenal glands. The adrenal glands reached a
maximum concentration at one to two days after injection. Female rats

showed generally parallel concentrations except that the concentration of

radioactivity in the ovaries was also high. ——

—_



TABLE 1. EXPERIMENT—1. DISTRIBUTION OF RADIOACTIVITY IN MALE RAT
T1SSUES 1, 6 AND 18 HOURS AFTER INTRAVENOUS INJECTION OF '23TTe-
38~HYDROXY-24-NOR-23- (1SOPROPYL TELLURO)-50-CHOLANE

Mean Percent Dose/gram, * s.d.

Tissue 1 hour after dose 6 hours after dose 18 hours after dose

Blood 1.48 £ 0.35 0.95 £ 0.04 0.49 ¢ 0.02
Liver 2.71 *+ 0.30 2.03 *+ 0.07 ©.84 * 0.09
Spleen 2.98 * 0.15 2.75 ¢ 0.27 1.29 * 0.09
Pancreas 0.16 * 0.02 0.24 + 0.06 0.19 + 0.01
Stomach 0.11 * 0.04 0.07 * 0.02 0.05 * 0.01
Srall Intestine 0.71 * 0.19 0.71 + 0.09 0.39 + 0.02
Large Intestine 0.06 * 0,03 0.72 *+ 0.23 0.B6 + 0.10
Adrenals 4.51 % 1.16 16.51 + 1.31 22.17 + 3.05
Ridneys 0.63 % 0.04 0.76  0.05 ' 0.77 ¢ 0.08
Prostate 0.07 * 0.01 0.09 * 0.01 0.09 * 0.01
‘Testes 0.04 * 0.003 0.08 * 0.01 0.09 * 0.01
Heart 0.48 * 0.09 0.53 + 0.09 0.43 % 0.05
Lungs 2.01 * 0.09 1.99 4 0.08 1.52 + 0.18
Thyroid 0.42 * 0.05 2.07 + 0.78 0.53 + 0.22
Brain 0.04 % 0.01 0.05 * 0.001 0.04 *+ 0.004
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TABLL 2. ENPEREMENT—2: DISTRIBUTION OF RADIOACTIVITY IN MALE RAT
TISSUES 1, 3 AND 7 DAYS ATTER INTRAVENOLS. INJZCTION OF !23%re-
3R8-HYDROXY-24-XOR-23- (ISOPROPYL TELLURO)-5a-CHOLANE

Mean Percent Dose/gram, * s.d.

Tissue 1 day after dose 3 days after dose 7 days after dose
Blood 0.61 * 0.04 0.37 £ 0.03 0.28 + 0.04
Liver 1.01 * 0.23 0.53 £ 0.04 0.23 + 0.02
Spleen 1.59 £+ 0.28 0.58 * 0.07 0.29 ¢ 0.05
Pancreas R 0.33 ¢+ 0.07 0.30 + 0.03 0.21 * 0.008
Stomach 0.25 * 0.02 0.32 * 0.13 0.14 £ 0.0
Small Intestine 0.77 * 0.24 0.49 * 0.20 0.23 + 0.02
Large Intestine 1.82 + 0.93 1.89 * 1.99 0.59 = 0.14
Adrenals 26.39 + 1.13 19.27 # 2.40 14.48 + 1.76
Kidneys 1.08 * 0.14 0.94 * 0.06 0.75 + 0.07
Prostate 0.18 1 0.06 0.17 + 0.02 0.09 + 0.04
Testes 0.14 % 0.02 0.12 + 0.01 0.09 ¢ 0.01
Heart 0.59 * 0.09 0.26 * 0.04 0.12 + 0.03
Lungs 2.12 % 0.35 0.85 * 0.14 0.40 * 0.06
Thyroid 1.23 + 0.09 0.73 + 0.07 0.74 * 0.27
Brain 0.07 * 0.01 0.07 * 0.01 0.08 ¢ 0.001
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TABLL 3. EXPERIMENT-3. DISTRIBUTION OF RADIOACTIVITY IN MALE RAT
TISSULS 7, 14 AND'21 DAYS AFTER INTRAVENOUS INJECTION OF !23MTe-
38-HYDROXY-24=Y0PR-23-(ISOPROPYL TELLURO)-5a-CHOLANE

Mean Percent Dose/gram, * s.d.

7 days after dose 14 days after dose 21 days after dose

Blood 0.19 * 0.05 0.16 *+ 0.04 0.09 * 0.02
Liver 0.14 * 0.03 ©0.06 £ 0.01 ° 0.03 * 0.01
Spleen 0.32 + 0.12 0.20 + 0.03 0.11 * 0.03
Pancreas 0.2 0.0 0.07 + 0.01 0.04 * 0.01
Stomach 0.05 * 0.02 0.01 * 0.01 0.01 * 0.01
Small Intestine 0.38 * 0.49 0.03 % 0.003 0.02 * 0.01
Large Intestine 0.09 ¢ 0.01 0.03 * 0.01 0.02 + 0.01
Adrenals 5.56 + 1.38 4.59 * 0.45 1.81 % 0.57
Kidneys 0.49 % 0.12 0.29 * 0.05 0.16 = 0.01
Prostate - 0.06 * 0.01 -0.04 + 0.01 0.02 * 0.004
Testes - ~0.07 % 0.01 0.05 * 0.01 0.03 % 0.004
Heart _ 0.09 + 0.03 0.03 % 0.02 £.02 % 0.001
Lungs 0.22 * 0.04 0.11 * 0.01 0.05 + 0.004
Thyroid 0.13 *+ 0.07 0.15 * 0.08 0.12 * 0.06
Brain 0.04 * 0.01 0.06 * 0.03 0.03 + 0.02
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Experiments were also conducted to determine if the labeled steroid was
metabolized by the adrenals and other tissues of rats. Three days following
intravenous administration of the labeled steroid male and female rats were
sacrificed and selected tissues removed, weighed, counted and homogenized in
Folch medium. The organic phases from the Folch extracts were chroma-

tographed on silicic acid columns by ellution with solvents of increasing

pos

pofarity. The columns were initially elfuded with benzene followed by
solvent mixtures containing increasing proportions of ether and benzene and
were finally washed with methanol. The profiles from male rats suggested
that the labeled steroid was metabolized to several products by the male
adrenals. The adrenal exract from a female rat contained a nonpolar
radioactive component and also significant radiocactivity in a region
resembling the original steroid which appears to indicate a significant por-
tion of the ;gent was not metabolized. The presence of non-polar radioac-
tive components would indicate at least partial metabolism. Among the
tissues which were examined the components that were observed upon chroma-
tographic analysis of extracted lipids were consistently different and would

indicate that the rad1oact1ve components represent true metabolites.

The metabolism of such adr1na1 imaging agents is important because -
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The adrenal glands of the male rats were clear]y 1maged one day

after administration of the 123m

Te-labeled steroid. Both the adri-
nals and ovaries of female rats were also imaged following the injec-

tion of the agent both a rectalinear scanner and an RC-type propor-

__tional counter camera.

A ros

Tests with other steroids indicate a complex relationship between
steroid structure, relative rates of entry and exit from the various
body components. Two steroids prepared according to the above-
described procedure, 3-beta hydroxy-24-nor-23-octyi-telluro-chol-5-ene

and 3-beta methoxy-24-isopropyl-telluro-5-ene accumulate slowly in the
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adrinals. The steroid 3-beta-hydroxy-24-isopropyl telluro-chol-5-ene
showed a slightly greater adrinal uptake than the steroid in the above
test. Two other steroids {3-alpha hydroxy-24-nor-23-{isopropy]
telluro)-5-beta-cholan and 3-beta hydroxy-[(isopropyl telluro)
methyl]-androsed-5-ene did not concentrate in the adr;nals.

It is seen that the general synthesis method of this invention can
be adapted to the preﬁaration of any alkyl telluro steroid merely by
providing a suitable a1lbgenated reaction site and such steroids are

contemplated at equivalents of the specific steroids described herein.
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ee 37830 June 23, 197x

Dean E. Carlson, Ciief, Prosecution Branch, Patents, )
Germantown, CXX1, AZ-3C13

D0E CASE 5-4%,06¢

Enclosed ar2 an apdlication in the above case and the following
adaitional nanars:

{( ) 8ristol Board Drawino(s) () Pacord of lnvention
{ )} Prior Art Letter {in dup.) (.
{ ) Assiqnment (in dup.) «
Fees payable are:
2a51C FBE & 4 ¢ o ¢ ¢ v o o o 4 s s o o v o o s e w0

duditional Fees:
Total claims ir excess of tern, times $2. . « . « « « 1%

Number of independent claims minus one, times $10,
Total Filing Fe€. ¢ v v v 4 6o ¢ o o o o s e s s s a s o oS 1M

Filin~ prior to as soon as possible  is necessary,

Publication status: A brief abstract was oublishec June 13, 1977,
We delieve that this is not a statutory bar and will argue it in tha paten:
office, Other publications have been released since then at nurieraus times,

Foreign filing is recommended. The following countries shculd be
considerea. Canada

Stephen D, Hamel
Assistant Patent Counsel
for Patent Prosecution
MCP AHU/br Ga¥ Ridge
AL
Enclosures:
As stated above
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IN THE UNITED STATES PATENT AND TRADEMARK QFFICE

APPLICANT : Furn F. Knapp, Jdr.

SERIAL NO.: 920,411(70) : GROUP 124
FILED June 29, 1978 © 1 EXAMINER
FOR 123mTE- L ABELED BIOCHEMICALS AND

I,

METHOD OF PREPARATION
DECLARATION UNDER 37 CFR 1.131

Fern F. Knapp do hereby declare and affirm:

THAT, 1 am the applicant of U. S. Patent Application S.N. 920,411,

entitled "123MTe.{abeled Biochemicals and Method of Preparation”

filed June 29, 1978, and the inventor of the subject matter described

and claimed therein;

THAT, prior to June 1, 1978, I had completed my invention as

described and claimed in said application in the United States of

America
a)

as evidenced by the following:

Prior to June 1, 1978 1, or others under my supervision and

control, had prepared the following ¥MTe.labeled organic com-

pounds of the general formula R-*33“Te-R', R being either alkyl,

substituted alkyl, and or substituted aryl and R' being a steroid

side chain, alkyl amino acid, or amino acid group

a)
b)
c)
d)
e)
f)
9)
h)
(Please

of June

123m1e-24-nor-23-(isopropyl tellurc)-5g-cholan-3a-01
123mTe.24-nor-23-{ isopropyl telluro)-5a-cholan-3g-01
123m7e-24-( isopropyl telluro)-chol-5-en-3g-01
123m7a-24-(isapropyl telluro)-chal-5-en-38-0Me
24-nor-23-{isopropyl telluro)-5a-cholan-38-01
24Tnor-23-(isopentyl telluro)-5a-cholan-38-01
24-nor-23-(isopentyl telluro)-58-cholan-3qa-01

24-nor-23-{ phenyl telluro)-58-cholan-3e-01
list other 123MTe steroids you had prepared prior to the date

1, 1978, Indicate which of the above were prepared with

123mTe and which were prepared with stable Te,
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DL-a-amino-a-(phenyl telluro ethyl)butyric acid.
(Please 1ist other amino acids or alkyl amino acids prepared prior

to June 1, 1978.)

A

as evidenced by attached exhibit §;

THAT each of the above-listed 123MTe-labelled or stable Te-
organic chemicals were prepared by a method which comprised the steps
of Te — or

a) reacting axl23MTe-symmetric diorgano ditelluride
Rp¥2MTe,, with NaBHg which is a hydride reducing agent and a
source of alkali metal ions to form Na-}eamTe-fi an alkali metal
organo telluride, in which R was either an isopropyl, octyl, phenyl,

?
pentyl, (othersx)

and;
b) reacting the Na-123MTe-R with a primary halogenated organic
compound Ra‘-X in which X was either Br, and Ra' was

lost {he R
either (steroidal side chain groups)

hid
or (groups hydrolyzeable to an alkyl amino acid group)

T...‘q -

THAT in the preparation of the above-listed,l23MTe-labelled
biochemicals, the symmetric diorgano ditellurides, Rp23®Te, were
prepared by reacting NaZ*QG"TeZ with a halogenated organic com-

pound R-X where X was

s
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THAT in the preparation of said 123’“Te-3-beta-hydroxy-Zd-nor-ZB-
{isopropyl telluro)-5-alpha-cholane, the primary halogenated organic
compound Ra'-X was 3-beta-acetoxy-24-nor-23-bromo-5-alpha-cholane and
was reacted with 123Me-sodium isopropyl tellurol under basic con-
ditions provided by cggdug;ing the reaction in refluxing methanol as
evidenced in the attached exhibit i; & o iy T wmat &

THAT in the preparations of the following 123MTe-1abeled amino

acids R-123mTe-CH2'R' (rlese it Ale aomer tallon =T e llurs
Qrning scidd Prepaced]

! to hiwes !

were carried out by reacting the following Na-123mTe.R compounds
(10 Ly !

with a primary halogenated organic compound Re'-X, Re' being a hydan-

toin group or a 5-alkyl hydantoin group to form the products

which were hydrolyzed under basic conditions by (describe briefly wha*

was done.)

to form the following 123MTe-Tabelled amino acids

THAT the preparation of the above-described compounds is evidercec
by the following documents which were prepared by me or at my direct or
prior to June 1, 1978. (I believe I have sufficient documents attachec
to show how all the compounds were prepared. If possible, could you
see if you have any.records such as letters to journals, etc. which
substantiate the date the articles wer prepared. If you have any s.c*

documents, please describe them briefly.)
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Exhibit A was prepared prior to June 1, 1978 as evidenced by
p{i—dﬁtﬁ which is dased prior to June 1, 1978

gt

bt B wee @aPeed Ana X (478
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),P(oo.u_ du:ﬁl‘)( '\\-e ro.w\ul.m'vxs t\tL-LtiJ A Whet waure -H,..\?
wWhnwire *L._\mHu\? ,a*c.

THAT, on May 25, 1978, a draft of the above-identified patent
Exhbd F
application,was typed and thereafter forwarded to me for review;
THAT within about =e=3Q- days during which I also carried on my

normal duties associated with my position of

at the Nuclear Medicine Technology Group
at the Oak Ridge National Laboratory, I reviewed the draft application
and made extensive corrections as indicated by the attached exhibit E;
THAT, after my review, my attorney, Mr. Allen Uzzell, incorporated
my corrections and revisions into the application, had it retyped, and
1 read and executed the application as filed on June 23, 1978;
THAT the executed application was forwarded to the Department of

Energy Headquarters on June 23, 1978 as indicated by the attached
&
Exhibit §;
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