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INTRODUCTION

The major energy requirements of the normal myocardium are met by the
metabolic oxidation of long chain fatty acids. Regional differences in
myocardial uptake of radiolabeled fatty acids could reflect not only differences
in regional perfusion, but could also potentially be an accurate and elegant
means of detecting subtle differences in regional metabolism. Ilodine-123 is the
most attractive radionuclide for radiolabeling fatty acids since it has
excellent radionuclidic properties (159 keV photon; 13.3 hour half-life) and
there are a wide variety of chemical methods available for attaching iodine to
fatty acids (Knapp et al, 1984c). Iodine-123 labeled 17-iodoheptadecanoic acid
(1231-HDA) was developed by the Julich group and has been widely used to
evaluate regional myocardial metabolism by analysis of the regional time
activity curves (Freundlieb et al, 1980; Feinendegen et al, 1978; Feinendegen et
al, 1980; Feinendegen et al, 1983; Dudczak et al, 1982 and 1984). Other workers
have used HDA, iodine-123-labeled 16-iodohexadecanoic acid and 16-iodo-9-
hexadecenoic acid in the same manner {Van der Wall et al, 1981).

For some applications where an evaluation of regional -myocardial uptake may
be more desirable than a measurement of the rate of washout, rapid myocardial
clearance must be minimized. High'biood levels of radioactivity caused by in
vivo deiodination and clearance of labeled metabolites result in only modest
heart:blood ratios requiring special subtraction procedures for differentiation
between myocardial uptake and blood pooled within the cardiac chambers. If the
problems associated with high blood levels of radicactivity and rapid washout _
from the myocardium could be overcome, 123I-labeled fatty acids could also be
used to measure regional distribution where aberrations in -fatty acid metabolism

are reflected by differences in uptake.



To minimize radioiodide loss, iodine has heen chemically stabilized by

attachment to the para-position of the phenyl ring of 15-phenylpentadecanoic
acid (Machulla et al, 1980a,b, 1981). This agent (1231-IPP) also exhibits
significant myocardial "washout" but has been used successfully in humans
{Dudczak et al, 1982 and 1983a,c; Reske et al, 1982a,b,c and 1983), where
regional release rates have been used in the same manner as 17-123I-HPA to
evaluate alterations in regionai metabolism.

To measure absolute regional uptake by planar imaging techniques,
interference from radioactivity in the blood pool within the cardiac chambers
should be minimized and the initial distribution pattern of the fatty acid
should be "frozen". Such a pattern will reflect the initial distribution which
is a function of both regional blood flow and fatty acid metabolism and errors
introduced from redistribution during the imaging period could be overcome. The
characteristics of an ideal agent of this type would therefore include rapid and
pronounced myocardial uptake, and very slow washout. T7he identification of
structural features which would significantly increase the residence time of
radiolabeled fatty acids in the myocardium is therefore of considerable
interest. These agents could be used to measure perfusion, but more
importantly, aberrations in fatty acid metabolism under normal flow conditions
where regional fatty acid uptake may be correlated with some aspect of regional
metabolism.

To overcome the problems caused by significant myocardial clearance of the
radiolabel which results from rapid myocardial metabolism of fatty acids, we
sought to introduce a structural feature into the fatty acid molecule which
vould not affect or decrease its uptake from the plasma, but which would
interfere'with its metabolism. Such a goal represented both a conceptual and
synthetic challenge, because drastic structural modifications could lead to a

molecule that would no longer resemble a fatty acid and thus would not be



efficiently extacted by the myocardium. Our early studies involved inserting
the tellurium-123m (123MTe) radioisotope into the fatty acid chain (Knapp et al,
1979; Knapp et al, 1981). Tellurium-123m in the molecule had two important
functions since it was a convenient radiolabel with‘an attractive gamma photon
for imaging (159 keV) and it would interfere with g-oxidation and potentially
"trap" the fatty acid in the myocardium. The 123MTe-labeled fatty acid shows
outstanding trapping properties in animal studies and excellent myocardial
images were obtained in rats (Knapp et al, 1979; Knapp et al, 1981; Elmaleh et
al, 1981) and dogs (Ckada et al, 1982), Other telluraheptadecanoic acid
analogues in which the Te heteroatom was inserted into various positions of the
chain were also evaluated (Knapp et al, 1980 and 1981).

These studies demonstrated for the first time that radiolabeled fatty acids
having drastic structural modifications still exhibited significant myocardal
uptake. More importantly, these were the first studies to demonstrate that
modified fatty acids would show prolonged myocardial retention, because of some
special property of the Te heteroatom in the fatty acid chain. Prolonged
retention with minimal redistribution is important for the use of single-
photon-emission computerized tomography (SPECT) which requires extended imaging
periods for image reconstruction. The Te fatty acids continue to be important
research tools because of their unique "trapping" which may result from
intracellular oxidation of the tellurium to form an insoluble polymeric
oxidation product (Kirsch, Goodman and Knapp, 1983).

Although 123MTe labeled fatty acids were crucial for developing the
experimental concept of "trapping," this radioisotope is not ideal for potential
routine studies since it has a long physical half-life (120 days), a high

production cost, and a low specific activity. Our efforts were then directed



toward synthesizing fatty acids containing stable, non-radicactive tellurium
which would result in the unique "trapping” and attaching iodine-123 for
imaging. Inserting nonradioactive tellurium and attaching iodine-123 to the
terminus of the modified fatty acid required some difficult, sophisticated
chemistry. The synthetic approaches involved stabilizing iodine-123 on model
tellurium fatty acids as either an iodophenyl or iodovinyl group (Figure 1). A
model agent, 15-(p-iodophenyl)-6-tellurapentadecanoic acid (TPDA), was prepared
via introduction of radioiodide via decomposition of a triazene intermediate
(Goodman and Knapp, 1982b}) and showed the expected high uptake and prolonged
retention in rats (Goodman and Knapp, 1982c). This unique trapping property
suggests’that such agents may be useful tools to evaluate the salvage of
threatened myocardium by dual tracer techniques following reflow in a canine
model study (Bianco et al, 1984), We also developed the chemistry and evaluated
a variety of telluraoctadecenoic acid analogues in which the radioiodide was
stabilized as a vinyliodide (Knapp and Goodman, et al, 1983, 1984a). The
position of the Te heteroatom was found to be important and the 18-iodo-5-
tellura-18-octadecenoic acid analogue showed high myocardial uptake, high
heart:blood ratios and prolongad retention as observed with TPDA (Knapp and
Srivastava, et al, 1984), and this agent is being studied further. Although we
demonstrated the unigue retention properties of the Te fatty acids, the special
precautions required for the synthesis and handling of these compounds has led
us more recently to pursue the development of radioiodinated iodophenyl- and
iodovinyl-substituted fatty acids containing methyl-branching as a structural
perturbation that would potentially mimic the Te fatty acids. In this paper we-
review the synthetic strategy, synthesis, preclinical evaluation and potential

clinical applications of 3-methyl-branched iodophenyl- and jodovinyl-substituted

fatty acids.



CH3~(CH,);—"23m Te~(CH,); ~COOH TELLURAALKYL

9-TELLURAHEPTADECANOIC ACID
*1—(CH,)g—Te—(CH,),—COOH IODOALKYL

17-10D0-9-TELLURAHEPTADECANOIC

ACID

ﬂ—{<::>}-mH2@—T&%CHZM—COOH IODOPHENYL

15—(p—IODOPHENYL)-6—
TELLURAPENTADECANOIC ACID

* H
N 7/
VAN

H (CHZ)B—Te—(CHz)s-—COOH 10DOVINYL

18—10D0O—-7-TELLURA—-17—QCTADECENOIC
ACID

Figure 1. Structures of various tellurium fatty acids.
METHYL-BRANCHED IODINE-123-LABELED FATTY ACIDS

Studies with the Te fatty acids demonstrated for the first time the ability
to "trap" such agents in the myocardium by an unknown mechanism and have served
as a stimulus for our investigations with the methyl-branched agents which are
easier to prepare. A number of early studies clearly demonstrated that
methyl-branching in the a- or g-position would inhibit B-oxidation. In the rat,
2,2-dimethylstearic acid was readily absorbed through the intestine when
administered in olive o0il1 (Bergstrom et al, 1954). The presence of geminal -
dimethyl substitution at the a-position resulted in w-oxidation and
2,2-dimethyladipic acid was isolated from the urine. These studies were also
performed with unlabeled and 1%C-labeled 2,2-dimethylstearic acid in man

(Tryding, 1957). Analysis of the thoracic lymph indicated the presence of



both free 2,2-dimethyl succinic acid, and incorporation into glycerides and
phospholipids. These early studies thus demonstrated that although g-oxidation
is inhibited by dimethyl-substitution in the a-position, activation still occurs
with incorporation of the structurally modified fatty acid into storage products
(glycerides) and complex Tipids. As with the rat studies, both 2,2-dimethyl-
adipic acid and small amounts of 2,2-dimethylsuccinic acid were identified in
the urine. A similar dimethyl-branched fatty acid, 2,2-dimethylnonadecanoic
acid, was also evaluated in rats (Tryding and Westco, 1956) and humans (Tryding
and Westoo, 1957b). The analogous w-oxidation products, 2,2-dimethyl glutaric
acid and 2,2-dimethylpimetic acid, were isolated from the urine. These results
demonstrate that the unnatural 2,2-dimethylstearic acid is well absorbed from
the intestine and that lymphatic transport is similar in comparison to naturally
occurring unbranched fatty acids. The major difference is, of course, the
mechanism of oxidative degradation, since the dimethyl-branched fatty acids
cannot undergo B-oxidation via the usual initiation from the carboxyl terminus.
A further extension of these studies resulted in the synthesis (Stallberg-
Stenhagen, 1950) and evaluation (Tryding and Westoo, 1957a) of 2,2,17,17-
tetramethylstearic acid, a modified fatty acid containing methyl-branching at
both ends of the molecule to inhibit both B- and w-oxidation. This agent was
well absorbed by thé intestinal lymph and was isolated as an unmetabolized
ester. With the *C-labeled material, greater than 85% of the unmetabo]ized
fatty acid was recovered in the feces within one week. A small amount of
2,2-dimethyl glutaric acid and 2,2-dimethylpimilic acid were also isolated.
Thus, the fatty acid molecule can apparently be substantially modified by
methyl-branching and still show albumin binding properties and lymphatic

transport similar to natural unbranched analogues.



A similar dimethyl-substituted fatty acid, 3,3-dimethy)-14-phenylmyristic
acid (e.g. 3,3-dimethyl-14-phenyltetradecanoic acid), pertinent to our studies
summarized in this paper, was prepared and evaluated (Goodman and Steinberg,
1958). A phenyl ring was introduced into this fatty acid to inhibit
w~oxidation. This modified fatty acid bound well to albumin, indicating thét
these structural modifications do not interfere with binding and exhibited very
slow clearance from the plasma. The slow clearance correlates with our more
recent observation of the persistent moderate blood levels observed with the
3-methyl-branched fatty acids (vide infra). In addition, the fatty acid was
not metabolized, supporting the proposition that methyl-branching in the
3-position inhibits g-oxidation. Our interest in the use of B-methyl-branched
radioiodinated fatty acids was further stimulated by the reported metabolic
inhibition and subsequent myocardial retention of 3-R,S-[11CImethylheptadecanoic
acid (Elmaleh et al, 1983; Livni, et al, 1982). Our strategy for developing a
model methyl-branched long-chain fatty acid involved the synthesis of the
3-R,S-methyl-branched analogue of 15-(p-iodophenyl)pentadecanoic acid (IPP)
since this agent has been used in a variety of clinical studies (Reske et al,
1982a,b,c,d, 1983; Dudczak et al, 1932a, 1983a,b,c, and 1984).

Our first synthetic épproach for the preparation of 15-(p-iodophenyl)-3-
R,S-methylpentadecancic acid (BMIPP) involved the use of substituted oxazolines
as the substrates for carbon-carbon bond formation (Goodman et al, 1982a and 1984a).
The initial stages of this investigation entailed the synthesis of 14-phenyl-
2-(R,S)-methyltetradecanoic acid. The synthetic approach for the preparation of
this racemic methyl-branched fatty acid involved homologation of a masked acetic

acid via a 2-substituted oxazoline. We chose this novel homologation technique



because of the mild reaction conditions for alkylation of the 2-substituted
oxazoline. The details of the preparation of the methyl-branched fatty acids by
this method have been described elsewhere {Goodman, Kirsch and Knapp, 198%a).
The pivotal step in the synthesis of this compound involved introduction of the
methyl branching via alkylation of the anion of 2-ethyl1-4,4-dimethyl-2-
oxazoline. The a-methyl-branched fatty acid, 14-phenyl1-2-(R,S)-methyltetra-
decanoic acid, was then converted to 15-phenyl-3-(R,S)-methylpentadecanoic acid
by a seven-step sequence of reactions. Iodide was introduced into the
para-position of the terminal phenyl ring by a thallation-iodination route. The
effect of methyl-branching at the 3-position aon myocardial retention in rats was
assessed by a comparison with the myocardial uptake of the straight chain
analogue, 15-(p-[1251]iodophenyl)pentadecanoic acid (IPP). The increased
myocardial retention of radioactivity following injection of 15-(p-[12513iodo-
pheny1)-3-(R,S)-methylpentadecanoic acid in comparison to the untranched analogue,
15-(p-[ 1251 Jiodopheny1)pentadecanoic acid, suggested that methyl branching at
the 3-position would be an effective means of inhibiting myocardial metabolism
of radioiodinated phenyl fatty acids. The availability of the 1l4-carbon
a-methyl~branched fatty acid afforded us the opportunity to evaluate the effect
of the position of methyl-branching and chain length on myocardial uptaks and
retention. Tissue distribution studies of 14-(p-[1251]ijodophenyl)-2-(R,S)-
methyltetradecanoic acid in rats showed that the a-methyl-branched acid
exhibited slower plasma clearance and significantly lower heart uptake than the
3-methyl-branched acid. The radioiodinated unbranched analogue 14-(p-[1251]-
iodophenyl)tetradecanoic acid showed considerably higher myocardial uptake in
comparison to the a-methyl-branched acid, but lower uptake and retention than
IPP. These preliminary results strongly suggested that 3-methyl-branching and a

15-carbon chain length are the optimum structural features for methyl-branched

fatty acids.



Because the terminal pheny1—3;methy1-branched fatty acids are not commercially
available, a new synthetic method applicable for the large scale preparation of
15-pheny1-3-(R,S)-methylpentadecanoic acid (6) has been more recently developed
utilizing the thiophene synthesis of long chain fatty acids as described in
Scheme I (Goodman, Knapp et al, 1984a). By the selection of substituents
introduced into the 2~ and 5-positions of the thiophene ring, a variety of
3-methyl-branched fatty acids of various chain lengths can be prepared. Using
this syrthetic approach, 2-(6-phenylhexyl)thiophene (3) and 3-(R,S)-methyl-
4-carbomethoxybutanoyl chloride (2) were subjected to Fried=l Crafts acylation
to afford 2-([3-(R,S)-methyl-1-o0xo0-5-methoxypentanoy1])-5-(6-phenylhexyl)-
thiophene (4). The methyl ester (4) was then reduced under Wolff-Kishner
(Huang-Minlon) conditions to give 2-[3-(R,S)-methy]-1-hydroxypentanoyl]-5-
(6-phenylhexy1)thiophene (5). The pivotal step in this method involved the
Raney~Nickel desulfurization and reduction of the acid (5) to yield the desired

3-methyl-branched acid, 15-phenyl1-3-(R,S)-methylpentadecanoic acid (6).
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Scheme I. Synthesis of 15-phenyl1-3-R,S-methylpentadecanoic acid (6).
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Iodide vas regiospecifically introduced {Scheme I1) into the para position
of the terminal phenyl ring of (6) via the HI decomposition of the piperidyl
triazene derivative (11) which yields exclusively the para-iodophenyl products.
This method {Goodman et al, 1984¢) is an attractive alternative to electrophilic
routes which give mixtures of the ortho and para isomers requiring high pressure
chromatographic separation of the isomers. In the IPP series, the ortho iodo
isomer has different biodistribution properties and metabolism than the desired
para isomer (Beckurts et al, 1984). The key intermediate required for the
regiospecific radioiodination of 15-phenyl-3-(R,S)-methylpentadecanoic acid by
the triazene route (Goodman and Knapp, et al, 1984b) was 1-[4-(13-(R,S}-methyl-
15-hydroxypentadecanoy1)pheny1]-3,3-(1,5-pentanediyl)triazene (11). The
synthetic approach for the preparation of this triazene involved introduction of
a nitroso group into the para position of the terminal phenyl group via aromatic
thallation followed by a four step reaction sequence outlined in Scheme II.
Aromatic thallation of the methyl ester (7) with thallium{III)trifluoroacetate
in trifluoroacetic acid followed by treatment with nitrosyl chloride afforded
methy1 15-(p-nitrosophenyl}-3-(R,S)-methylpentadecanoate (8). Reduction of the
nitroso compound (8) with NaBH, and 10% palladium on charcoal in methanol gave
methyl 15-(p-aminophenyl)-3-(R,S)-methylpentadecanocate {9). Diazotization of
the aromatic amine (9) at 0°C followed by treatment witﬁ aqueous piperidine
afforded 1-[4-(13-(R,S)-methy1-15-methoxypentadecanoyl)pheny1]-3,3-(1,5~
pentanediyl)triazene (10). Basic hydrolysis of the triazene methyl ester
gave the desired triazene, 1-[4-{13(R,S)-methy1-15-hydroxypentadecanoyl)~
pheny1]-3,3-(1,5-pantanediyl) triazene (11). The triazene (11) was rapidly -
converted to radioiodinated, 15-(p-iodopheny1)-3(R,S)-methylpentadecanoic acid
(12). This agent shows higher myocardial uptake and longer retention than the

straight chain analogue IPP (See "Biological Evaluation Section," p. 14). The
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Scheme II. Synthesis of 15-(p-iodophenyl)-3-R,S-methylpentadecanoic acid
(12) by HI decomposition of the triazene (11).
synthesis, radioiodination and myocardial uptake and retention of a similar
14-carbon agent, 14-{p-iodophenyl}-3-R,S-methyltetradecanoic acid, have also
been reported (Elmaleh et al, 1982),

A new type of methyl-branched fatty acid has also been recently developed
with radioiodide stabilized by attachment as a terminal vinyliodide moiety
(Knapp and Goodman, et al, 1984d). These studies are an extension of our -
earlier investigations that demonstrated iodovinyl-substituted tellurium (Te)
fatty acids (Knapp et al, 1983, 1984b) and 18-[1251]-iodo-17-~octadecznoic acid
(Knapp and Goodman, et al, 1984a) showed only moderate in vivo deiodination.

The route chosen for the construction of the methyl-branched fatty acid skeleton




involved a thiophene chain elongation synthesis as described eariier for the
iodophenyl fatty acids (Schemes I and I1). Using this approach, the
substituents introduced into the 2- and 5-positions of the thiophene ring can be
selected and can provide a variety of 3-methyl-branched fatty acids of various
chain lengths for structure activity studies. The key substrate,
17-iodo-3-{R,S)-methylheptadecanoic acid (26), was prepared as described in

Scheme III. The 3-(R,S)-methyl-4-carbomethoxybutanoyl chloride (15) was
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Scheme III. Synthesis of 17-iodo-3-R,S-methylheptadecanoic acid (14).

prepared from commercially available 3-methyl glutaric anhydride (13). Friedel

Crafts acylation of (15) using SnC1, gave the thienyl ketone (17). Wolff-
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Kishner reduction of (17) followed by treatment with diazomethane afforded the
methyl-branched 2-substituted thiophene (19). The methyl ester (19) was
subjected to Friedel Crafts condensation with 8-methoxyoctanoyl chloride (22) to
afford 2-([3-(R,S) methy1—5—methoxypentanoy1])-5—(8—methoxy~1—oxo—octy1)-
thiophene (23). Following Wolff Kishner reduction of the keto ester (23) to the
acid (24), and Raney nickel desulfurization of (24), treatment with trimethyl-
silyl iodide gave 17-iodo-3-(R,S)-methylheptadecanoic acid (26). The
availability of this key methyl-branched 17-iodo intermediate may provide an
opportunity to gain further insight into the mechanism of in vivo deiodination
in terminal radioiodinated long chain fatty acids.

The pivotal step in the synthesis (Scheme IV) of the (E)-iodovinyl acid (30)
involved hydrostannylation of the terminal ethynyl substrate (28) with tributyl-
tin hydride to give the key intermediate (29). Compound (28) was prepared by
treatment of the 17-iodomethyl-branched acid (26) with Tithium acetyliue-
ethylenediamine (LAEDA). lododestannylation of (29) by treatment with

N-chlorosuccinimide (NCS) and iodide followed by basic hydrolysis gave (30).
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110°C / N I OH™
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| H
Ve
c=C CHy
/ N\
H {CH,},4~CH-CH,-COOH

30 -

Scheme IV. Synthesis of 19-iodo-3-R,S-methy1-18-nonadecenoic acid (30).
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The unbranched analogue (35) was prepared in the same manner (Scheme V), which
involved iododestannylation of the substrate (34) prepared from (33) which was
fabricated by trialkylstannylation of the acetylene (33) generated by attachment

of the ethynyl group to (31).

|
CH,N, !
i
i

I-[cH,];coou + Li-C=C~H —————— H—csc—(cn,)ﬁcoon —_— H—c:-c—(cu,)l-;coocu,
31 32 33
(n-Bulsn,  w Nes, 17
33 + [n—Bu)snH - 'H’c=c‘(CH,)'—ACOOCH, T
34
IN _ M
' ‘(cu,));coon
35

Scheme V. Synthesis of 19-iodo-18~nonadecenoic acid (35) from 17-iodo-

heptadecanoic acid (31). '
BIOLOGICAL EVALUATION

The availability of the model methyl-branched radioiodinated fatty acids,
15-(p-iodopheny1)-3-R,S-methylpentadecanoic acid (BMIPP, 12) and 19-iodo-3-
R,S-methyi-18-nonadecenoic acid (30) and the unhranched analogues provided
an opportunity to examine in detail the effects of methyl-branching on the
myocardial uptake and retention of these new modified agents. To minimize any
differences that may be encountered in comparing the distribution of the
g-methyl-branched and straight chain analogues in different groups of rats,
experiments were designed in which an 1231/125] dual-labeled mixture of the
fatty acids was administered to the same rats. These results are shown in

Figures 2 and 3 for the iodophenyl series and Figures 4 and 5 for the iodovinyl
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Figure 2. Comparison of the heart and blood clearance of 15-(p-[1231]iodo-
pheny1)-3-R,S-methylpentadecanoic acid (3-methyl, R=CH3) and 15-(p-[1251]iodo-
pheny1)pentadecanoic acid (IPP, R=H) in groups of unfasted Fischer rats.
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Figure 3. Comparison of the heart and blood clearance of 15-(p-[1231]iodo-
pheny1)-3-R,S-methylpentadecanoic acid (8-methyl, R=CH3) and 15-(p-[1251]iodo-
phenyl)pentadecanoic acid (IPP, R=H) in groups of fasted Fischer rats.
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Figure 4. Comparison of the heart and blood retention of 19-[123IJiodo-
3-R,S-methy1-18-nonadecenoic acid (B-methyl, R=CH3) and 19-[125]17]iodo-18-
nonadecenoic acid in groups of unfasted Fischer rats.
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Figure 5, Comparison of the heart and blood retention of 19-[123]7Jiodo-
3-R,S-methy1-18-nonadecenoic acid (B-methyl, R=CH3) and 19-[1251F{odo-18-
nonadecenoic acid in groups of fasted Fischer rats.
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series. Severé] important observations can be made from a comparison of these
two sets of experiments involving the 3-R,S-methyl-brancled iodophenyl (Figures
2 and 3) and iodovinyl-substituted (Figures 4 and 5) model fatty acids in fasted
and unfasted animals. In both the fasted and unfasted animals, the g-methyl-
branched fatty acids show higher myocardial uptake, lower blood levels and
higher heart:blood ratios. These results have also been observed in similar
studies where the agents were administered to groups of rats separately. In the
unfasted animals fed standard rat chow, the relative myocardial retention of the
B-methyl-branched fatty acids and the straight chain analogues is similar. More
importantly, the kinetics of the myocardial washout in the observed fasted rats
is much more rapid for the straight-chain agents in comparison to the 8-methyl-
branched analogues. Thus, under fasting conditions, as has been recommended for
clinical studies since all patients are in a similar nutritional state (Dudczak
et al, 1983a,b,c and 1984), the differences in myocardial clearance rates are
dramatically magnified with the g-methyl-branched agents showing considerably
slower wash-out. These data suggest that the methyl-branched fatty acids are
excellent candidates for single photon tomography of regional myocardial
distribution of fatty acids. Gamma camera imaging studies with the methyl-
branched iodovinyl fatty acid in fasted rats confirm the slow washout
(Figure 6).

In addition to investigating the metabolism of these new methyl-branched
agents, additional synthetic studies are being pursued to extensively evaluate
the structural features affecting the biodistribution and metabolism of the
methyl-branched fatty acids. These studies include a systematic evaluation of
the strucutral features of the methyl-branched fatty acids that lead to optimal-

myocardial uptake and retention. These include the effects of total chain
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Figure 6. Sequential gamma camera images of 19-[12317iodo~3-R,S-methyl-18-
nonadecenoic acid in a Fischer rat using a 5 mm pinhole collimator and
accumulation of sequential 3 min images as 64 x 64 matrices.
length, the position of methyl-branching and the absolute configuration of the
asymmetric methyl~branching site. In addition, the effects of dimethyl-branching at
the 3-position should be pursued. Recent studies with 14-[!251]iodo-3,3-
dimethyitetradecanoic acid have demonstrated only low heart uptake in rats (Otto et
al, 1984), although the low uptake may result froq the short chain length or rapid
deiodination, |

The availability of radioiodinated 17-iodo-3-R,S-methylheptadecanoic acid (26,
Scheme III) will allow evaluation of the extent and mechanism of iodide loss in the
absence of g-oxidation. Since loss of halide from an iodinated coenzyme A product
would not be expected, the evaluation of 1251 labeled (26) would focus on the direct
cleavage of the carbon-iodide bond. Preliminary tissue distribution studies of
125]..7abeled (26) demonstrated rapid dehalogenation indicating significant )
carbon-iodide cleavage in the apparent absence of B-oxidation. These results

confirm earlier studies using 17-[1311]iodo-9-telluraheptadecanoic acid (Figure

1) which exhibited high heart uptake in rats, but showed significant in vivo
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deiodination resulting in high blood levels of activity and significant thyroid
uptake (Goodman et al, 1982c). More recently, similar results with a 13 carbon

analogue of (26) have been reported (Otto et al, 1984).
POTENTIAL APPLICATIONS OF STRUCTURALLY MODIFIED FATTY ACIDS .

The principal application using structurally modified agents that show slow
myocardial washout include evaluation of regional differences in fatty acid
uptake when the coronary arteries are normal and regional perfusion is not
impaired. Structurally-modified fatty acids that show prolonged retention are
also candidates for potential clinical evaluation of hypertensive heart disease
as yecent]y demonstrated in studies involving quantitative dual tracer
autéradiography, a technique where the relative distribution of two different
agen%s is monitored (Yonekura et al, 1984a,b; Yamamoto et al, 1984). As an
example, 1-(1%C)-3-R,S-methylheptadacanoic acid was administred to normal rats
which were also injacted with thallium-201, The same mixture was administered
to a second group of salt sensitive hypertensive rats. The autoradiographic
studies showed a homogeneous distribution of the thallium-201 in the hearts of
rats of both the control group and the hypertensive group. After allowing 30
days for all of the thallium-201 to decay (10 half-lives later), the
distribution of the l*C-labeled fatty acid was determined by examining the later
autoradiographs of the same tissue slices. These studies showed that in normal
rats both the thallium-201 and the carbon-14-labeled fatty acid are
homogeneously distributed and in the hypertensive rats thallium-201 has a
homogeneous distribution but the carbon-14-labeled fatty acid clearly shows a
heterogeneous distribution. The thallium results show that the regional blood

flow is normal in the hypertensive rat hearts, thus indicating that fatty acid
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delivery to the heart was not impaired} However, the heterogeneous distribution
of fatty acid indicates that hypertensive heart disease may have altered the
ability of portions of the heart to metabolize fatty acids. These studies have
recently been performed using 15-(p-[1311]iodopheny1)—3—R,S~methy1pentadecanoic
acid which shows the same heterogeneous distribution in hypertensive rat hearts
(Yamamoto et al, 1984).

These observations are very important because they suggest that a metabolic
change occurs in severe hypertension before any differences in blood flow
(ischemia) can be detected. These results indicate that severe hypertension and
the accompanying onset of nyocardial hypertrophy is associated with regional
changes in fatty acid utilization. Currently, agents such as thallium-201 are
widely used to detect and evaluate coronary artery disease. But, because such
agents can indicate only differences in blood flow, they may not be used
effectively to evaluate hypertensive heart disease, as demonstrated above in the
rat studies. O0On the other hand, the combination of iodine-1Z23-labeled fatty
acids and Singla Photon Emission Computerized Tomography (SPECT) can potentially
evaluate hypertensive disease and assess the effects of drug therapy.

There is also a need for diagnostic agents to determine the effectiveness of
drug treatment after an ischemic attack by revealing changes in blood fiow in
the myocardium. Because the Te fatty acids have been shown to be essentially
irreversibly trapped after delivery to the heart muscle, these agents are
excellent candidates to examine how blood distribution after the admiiistration
of drugs differs from the distribution before therapy. The results can indicate

how much of the threatened heart muscle has been salvaged. There is presently

no agent available to study myocardial salvage non-invasively., The unique
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ability of our Te fatty acids, such as 15-(p-iodophenyl)-6-tellurapentadecenoic
acid (TPDA), to detect and characterize ischemia and changes in blood flow
patterns as a result of drug therapy has recently been demonstrated in dogs
{Bianco et al, 1984). Tissue counting techniques were used to compare the
distribution of 1251-TPDA administered after partial coronary artery occlusion
to the distribution of 13lI-TPDA administered after resumption of normal flow.
This is the first demonstration of a radionuclide technique to evaluate salvage
and suggests that not only are the Te fatty acids important tools to study this
crucially important problem, but also that 123I-labeled methyl-branched fatty

acids may be useful for the clinical evalaution of myocardial salvaga.
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