Tumor Localizing Agents VIII

Radioiodinated Phenylalanine Analogs

By R. E. COUNSELL, T. D. SMITH, W. DIGUILIO, and W. H. BEIERWALTES

Use of the currently available /-selenomethionine-"Se for external pancreatic photo-
scanning is limited by the long biological half-life of the amino acid and the dense
radiations arising from high liver concentrations of the compound. The present
study was initiated in an effort to find superior pancreas-specific photoscanning
agents. The approach presented here is based upon the previously established
specificity of natural amino acids for pancreatic tissue. In the anticipation that this
specificity might extend to other radiolabeled synthetic amino acids, ortho-, meta-,
and para-iodophenylalanine-'®I and the corresponding acetylated derivatives were
synthesized for tissue distribution analysis. All three iodophenylalanine-'%] iso-
mers showed a specificity for pancreatic tissue in mice but not in dogs. Acetyla-
tion of the radioiodinated amino acids caused no qualitative changes in the tissue

distribution results in either species.

OR SEVERAL YEARS a research program has
F been directed toward the investigation of new
radioscanning agents for selected tumors (1-5).
A recognition of the current problems associated
with presently available pancreatic radioscanning
agents prompted the authors to synthesize and
evaluate a series of radioiodinated phenylalanine
derivatives for this purpose.

The lack of suitable diagnostic agents for pan-
creatic carcinoma was emphasized in a recent
statistical, clinical, and pathological survey of the
disease (6). It is the most difficult abdominal
tumor to diagnose, and clinically correct diag-
noses occur in only about 309 of autopsied cases.
The prognosis of pancreatic carcinoma is poor
mainly because existing diagnostic procedures
confirm the pathological condition too late for
proper treatment.

Radiolabeled zinc (8*Zn) compounds were used
in previous attempts to design pancreas-specific
radioscanning agents (7). Zinc-65 was expected
to exhibit a predilection for pancreatic tissue be-
cause zinc is a common constituent of insulin.
Pancreatic concentrations of the radionuclide,
however, were insufficient to be of clinical value.

The demonstration that radiolabeled, natural
amino acids concentrate in the pancreas shortly
after intravenous administration (8, 9) initiated
efforts to utilize this selectivity for the radio-
diagnosis of pancreatic disorders. The elements
(C, H, N, O, and S) present in natural amino
acids, however, do not possess gamma-emitting
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radionuclides suitable for external in vivo scan-
ning purposes. Consequently, it was necessary
to examine synthetic amino acids for pancreatic
selectivity. Reports have indicated that ex-
ternally labeled synthetic amino acids such as
3-iodotyrosine-'311 (10, 11) are not selectively
taken up by the pancreas, presumably because
these agents take no part in protein synthesis.
On the other hand, Blau and Manske (10) demon-
strated that [-selenomethionine-75Se possessed
biological properties very close to those of methi-
onine and that it did, indeed, show a predilection
for the pancreas. Selenium-75 also possessed the
necessary gamma emissions suitable for external
photoscanning.

Subsequent clinical evaluations (11-26) of
l-selenomethionine-">Se resulted in mixed conclu-
sions about its value as a pancreatic scanning
agent. Certain problems such as high concentra-
tions of radioactivity in the liver, patient varia-
tions in pancreas size and configuration, the
distribution of radioactivity, and the long bio-
logical half-life of Il-selenomethionine-7*Se were
uniformly encountered.

Published data indicating the pancreatic spec-
ificity of other synthetic amino acids, such as 1-
aminocyclopentane-*C-carboxylic acid (27-29)
and p-fluorophenylalanine-“C (30, 31), suggested
the feasibility of utilizing other radionuclides in-
corporated into synthetic amino acids. The suit-
ability of iodine-125 and iodine-131 for external
photoscanning and the reported pancreatic selec-
tivity of phenylalanine-C (9) suggested the syn-
thesis of a series of radioiodinated phenylalanines
for tissue distribution studies.

The ortho-, meta-, and para-iodophenylalanines
were prepared by the alkylation of diethyl
acetamidomalonate and subsequent acid hydroly-
sis and decarboxylation according to the method
of Redemann and Dunn (32) (Scheme I). All
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TaBLE [—TiIssUE DISTRIBUTION IN MICE 4 hr, AFTER INJECTION® (Cc.p.m./mg. TISSUE)
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NH,
125 Pancreas Liver Kidney Melanoma Eyes
ortho 3823 411 622 807 646
meta 1192 196 396 244 501
para 496 91 205 132 114

% Dose, 10 uc./mouse.
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Scheme I—Syntheses of todophenylalanines.

three iodophenylalanine isomers (33-36) have
been reported previously but were inadequately
characterized.

Radioiodinated derivatives were prepared by
halogen exchange of the appropriate iodophenyl-
alanine with Na!?I in aqueous acetic acid. Ini-
tial attempts to carry out the exchange reaction in
this solvent resulted in partial N-acetylation of
the iodophenylalanines. Similar reactions of
amino acids with acetic acid have been reported
(37). The acetylated derivatives were isolated
by ion-exchange chromatography during model
exchange reactions and their structures eluci-
dated. In addition, the N-acetyl iodophenyl-
alanines were synthesized according to a U. S.
patent (38) (Scheme II) and found to agree in all
respects with the products isolated above.
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Scheme II—Syntheses of N-acetyliodophenylulanines

Tissue Distribution Studies—The prelimi-
nary studies to determine the biological distribu-
tion of ortho-, meta-, and para-iodophenylalanine-
125] in mice (Table I) indicated that all three iso-
mers displayed a predilection for pancreatic tissue.
Moreover, para-iodophenylalanine exhibited pan-
creatic specificity in mice when administered
either intraperitoneally or intracardially. In
contrast to these results, one previous study (39)
reported an insufficient concentration of para-
iodophenytalanine in the rat pancreas to be useful
as a radiopaque media. In that report the pres-

ence of para-iodophenylalanine in pancreatic tis-
sue was based upon a chemical analysis for pro-
tein-bound iodine. At the time of this writing,
however, Ullberg and Blomquist (40) showed by
autoradiography that mouse pancreas selectively
concentrated pare-iodophenylalanine-125I in good
agreement with the authors’ own data. The
radioiodinated N-acetyl amino acid analogs
showed a similar predilection for pancreatic tissue
at early time periods following administration.

In contrast to the pancreatic selectivity of the
radioiodinated amino acids in mice, none of the
three iodophenylalanine-12°I isomers showed any
selective localization in the pancreas of dogs
(Table II). Studies utilizing the N-acetyl
derivative of meta-iodophenylalanine-125I in dogs
indicated that acetylation caused no significant
change in tissue distribution.

Similar species differences between mice and
dogs in the pancreatic localization of synthetic
amino acids have been reported previously. For
example dI-1-aminocyclopentane-'C-carboxylic
acid has been shown to exhibit a pancreatic se-
lectivity in mice but not in dogs (29). Studies
are now in progress to resolve the dl-amino acids
prepared in this investigation to see if the l-iso-
mers show a similar species variation in distribu-
tion.

EXPERIMENTAL!

Syntheses of Isomeric Iodophenylalanines—So-
dium metal (» g. atoms) was dissolved in absolute
ethanol? (8 #1.). Dry solid diethyl acetamidomalon-
ate (n mole) was added and the stirred reaction mix-
ture refluxed for 0.5 hr. The formation of the sodio-
malonate was evidenced by turbidity. Addition of
the appropriate iodobenzyl bromide? (» mole)

! Melting points were taken on a Fisher-Johns melting
point apparatus and are corrected. NMR spectra were
obtained with a Varian A-80A spectrometer using 10%
solutions and tetramethylsilane as internal reference. Ele-
mental analyses were performed by Spang Microanalytical
Laboratories, Ann Arbor, Mich. Thin-layer chromato-
grams were run using 1-in. Eastman Chromatogram strips,
type K301R with fluorescence indicator, and spots detected
with UV light. Chromatograms of radioiodinated com-
pounds were scanned with an Atomic Associates RCS-363
radiochromatogram scanner.

? Dry ethanol was prepared by the magnesium ethoxide
method reported in Vogel, A. 1., “FElementary Practical
Organic Chemistry Part I: Small Scale Preparations,” 2nd
ed., Wiley, New York, N. Y., 1966, p. 158.

3 Prepared according to Weizmann, M., and Patai, S.,
J. Am. Chem. Soc., 68, 150(1948).
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TaBLE II—TISSUE DISTRIBUTION OF IODOPHENYLALANINES IN Dogs 1.5 hr. AFTER INTRAVENOUS
ADMINISTRATION® (c.p.m./mg. TISSUE)

128].Compd. Pancreas Liver Blood Parathyroid Thyroid Adrenal Kidney
o-lodophenylalanine 1.5 1.5 7.2 0.8 1.0 1.5 2.7
m-lodophenylalanine 1.9 3.1 10.7 1.7 3.4 1.9 4.3
p-Todophenylalanine 3.4 4.6 11.1 1.6 2.9 3.5 11.1
N-Acetyl-m-
iodophenylalanine 1.0 2.9 6.8 1.5 1.8 1.4 5.3

¢ Dose, 4uc./kg.

was followed by a 4-hr. reflux period. Most of the
alcohol was removed under reduced pressure and the
reaction mixture diluted with water. Ether ex-
traction afforded the crude alkylated diethyl-
acetamidomalonate. A small fraction of the ether
extract was dried (MgS0,, charcoal) and the crude
residue remaining after removal of the ether was
recrystallized from ethanol-water® and characterized
(see Table I1I).

TABLE III—INTERMEDIATE ACETAMIDOMALONATES

?OOCH,CH,
/@—cﬂ,—(,}—NH—OOCHa
! COOCH,CH,
M.p., Found, %%

I °C. [ H
ortho 93.8-94.5 44 .40 4.57
meta 83-84.5 44 .53 4,59
para 132-135 44 .46 4.74

¢ Anal.—Calcd. for CisHxINO;: C, 44.36; H, 4.65.

The NMR spectra were consistent in all cases
with the assigned structures. The spectra of all
three isomers were identical except for the benzylic
protons and the aromatic region. The benzylic
protons of the ortho isomer (3.82 3) were shifted
downfield by 14 c.p.s. with respect to the correspond-
ing protons of the meta and para isomers (3.58 §).
Such downfield shifts are typical of ortho-substituted
derivatives (3, 41). The aromatic resonance pat-
terns were in good agreement with those reported
for the iodotoluene isomers (41).

The remaining ether extract was evaporated to
dryness yielding a crude oily residue. This residue,
without further purification was refluxed with 489,
HBr (3 % 1.) for 8 hr. or until complete solution was
effected. The solution was evaporated to dryness,
diluted with a small amount of water, and brought to
the isoelectric points with 28%; ammonium hy-
droxide. The flask was allowed to stand overnight;
the solid iodophenylalanine was collected by filtra-
tion and recrystallized from ethanol-water (see
Table 1V). The NMR spectra of the pure iodo-
phenylalanines taken as 109, solutions in trifluoro-
acetic acid were in good agreement with the re-
ported spectra of phenylalanine taken in the same
solvent (42).

Syntheses of Isomeric N-Acetyl Iodophenyl-
alanines—The appropriate iodophenylalanine (200
mg.) was suspended in 259, acetic acid (2 ml) and
three 0.1-ml. portions of acetic anhydride added to

4 The first crystallization was difficult to achieve. The
products tend fo form an initial oil which solidifies upon
standing.

$ The solution is titrated to the point of turbidity with
NHiOH (to about pH 7). If excess NH«OH is accidentally
added, the isoelectric point can be reached by evaporation of
excess ammonia on a rotary evaporator.

the vigorously stirred suspension at 10-min. inter-
vals. The reaction temperature was maintained
at 40°. The subsequent addition of 109, HCIl
(2 ml.) was followed by continued stirring for 30
min. The white solid product which formed was
collected by filtration and recrystallized from etha-
nol-water (see Table V).

%] Exchange of Iodophenylalanines—The
iodophenylalanine (100 mg.) was dissolved in acetic
acid (0.5 ml.) and water (3 ml.) containing Na!®I
(~2 mec.). The mixture was magnetically stirred
at 110° (external temperature) in a nitrogen atmo-
sphere for 24 hr. The solvent was removed on a
rotary evaporator and water (~2 ml.) was added
to suspend the solid residue and wash out residual
Na!®%]. The solid was collected by filtration,
washed with water (~2 ml.) and recrystallized
from ethanol-water. Chemical purity of the ex-
changed product was verified by TLC (#-BuOH-
H:0-HOAc¢, 60:20:20) and IR spectra (KBr)
comparisons with authentic material. Radio-
chemical purity was confirmed by scanning thin-
layer radiochromatograms. The product was taken
up in 0.1 N HCI for specific activity determinations®
and animal administration.

Recovery, Sp. Act. 9%

Isomer mg. pe./mg. Exchange
ortho 36.2 16 31
meta 45.2 16.8 25
para 39.8 12.3 22

1] Exchange of N-Acetyl Iodophenylalanines—
The N-acetyl iodophenylalanine (100 mg.) was
dissolved in acetic acid (2 ml.) and water (1 ml.)
containing Na!%I (~2 mec.). The solution was
magnetically stirred and heated to 110° (external
temperature) in a nitrogen atmosphere for 24 hr.
At the end of the heating period, the solvent was
removed in vacuo. The solid residue was collected
by filtration, washed with water (~3 ml.), and
recrystallized from ethanol-water. The final ex-
change product was identical with known material
by melting point, IR spectra, and TLC analysis
(n-BuOH-H;0-HOAc, 60:20:20). Radiochroma-
togram scans of developed TLC strips indicated a
radiochemically pure product. The final product
was dissolved in ethanol (2 ml.) and the specific
activity determined.®

Recovery, Sp. Act.

)

Isomer? mg. pc./mg. Exchange
ortho 63.5 15.1 53
meta 57.5 15.4 49

¢ Samples used for specific activity determinations were
counted on a Beckman ambient temperature liquid scintilla-
tion system model 200 in a dioxane cocktail composed of
naphthalene, 100 g.; PPO (2,5-diphenyloxazole), 7 g.; and
dioxane, a quantity suflicient to make 1,000 ml.

7 The pura isomer was not exchanged.
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TABLE IV-—IODOPHENYLALANINES

@—Cﬂg?H—COOH
I

NH,
M.p.2 Found,® ¢,
1 n °C. Yield, %°
ortho 0.013 230-234 30 37.41 3.56
meta 0.009 213.5-216.5 55 37.43 3.58
para 0.017 223-226 68 37.27 3.66

¢ Melting points of ammo acids are dependent upon the method of determination (43).

in these determinations.
bromide. ¢ Anal.—Calcd. for CsHiINO:: C, 37.14; H, 3.46.

TABLE V—N-ACETYL JODOPHENYLALANINES

/@—cu,clzu—ooou
I

NHCOCH,
M.p., Yield, Found, 9,
1 °C. % C
ortho 185-187.5 31 39.97 3.71
mela 172-174.5 69 39.84 3.65
para 190-193.5 19 39.65 3.65
¢ Anal.—Caled. for CnHi20Os: C, 39.66; H, 3.63.
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