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SUMMARY

In this report the synthesis of two new dimethyl-branched analogues of
15-(p-iodopheny1)-3,3'-dimethylpentadecanoic acid (DMIPP) is described.
Methyl-branching was introduced into the 6- and 9-positions to determine
the effect of the position of dimethyl-branching on myocardial uptake and
clearance kinetics in rats. The goal of these studies is to maximize
heart uptake and retention and minimize blood and liver uptake. The
6,6'-dimethyl- (6,6'-DMIPP) and 9,9'-dimethy1- (9,9'-DMIPP) analogues were
prepared by multi-step sequences involving successive Friedel-Crafts/MWolf
Kishner reactions on thiophene. Regiospecific para-iodination using
thallation and treatment with jodide provided the two new analogues. The
9,9'-[1-125]DMIPP was evaluated in rats and showed somewhat lower uptake
than 3,3'-DMIPP (3.13 dose/gm at 5 min versus 4.18) and more rapid
clearance (~ 30% at 1 h). 1In addition the heart:blood ratios were lower
for the 9,9'-dimethyl isomer. These studies have demonstrated the effects
of the position of dimethyl substitution on uptake and retention. The
6,6'-dimethyl and other new analogues will be evaluated in future studies.

The new N-iodophenyl-substituted maleimide protein labeling agent
N-{p-iodophenyl)maleimide (IPM) has been further evaluated in conjunction
with collaborators at Temple University (Dr. David C. B. Mills). Studies
of platelet aggregation demonstrated that IPM may specifically react with
the thiol groups associated with the inhibitory effect of adenosine
diphosphate (ADP), Incubation of [I-125]IPM with human platelets followed
by analysis and electrophoretic analysis demonstrated binding of the new
reagent with a variety of intracellular proteins.

During this period a variety of agents were also supplied to Medical
Cooperative investigators, including five shipments of osmium-191 for
fabrication of osmium-191/iridium-191m generators and one shipment of
copper-64. In addition, four shipments of platinum-195m cis-DDP were made
through the ORNL Isotopes Distribution Office on a cost recovery basis.



SYNTHESIS AND EVALUATION OF TWO NEW DIMETHYL-SUBSTITUTED ANALOGUES OF
15-(p-10DOPHENYL )PENTADECANOIC ACID

In a recent report (ORNL/TM~9609) it was demonstrated that the
introduction of dimethyl-branching at the 3-position of 15-(p-iodophenyl)-
pentadecanoic acid resulted in rapid and pronounced myocardial uptake in
rats with irreversible retention 60 min following i.v. administration.
More recently, the model agent, 15-{p-iodophenyl)-3,3'-dimethylpentadecanoic
acid (DMIPP) has been radiolabeled with iodine-123 and evaluated in
patients at the University of Bonn, Federal Republic of Germany
(ORNL/TM-10082). Single photon emission computerized tomographs (SPECT)
of patients with multi-vessel coronary artery disease at 60 min following
i.v. administration of [1-125]DMIPP showed clear visualization of the
myocardium. Serial SPECT images taken shortly after administration of
[1-125]DMIPP indicated a gradual clearance of activity from the plasma which
resulted in moderate heart to background ratios. These results were
confirmed by the analysis of serial blood samples drawn from patients
(n=4) following administration of [I-123]OMIPP. Since these preliminary
clinical studies with the model iodophenyl fatty acid DMIPP agent showed a
Tonger than optimal for plasma clearance (tlp = 8-10 min), the effect of
dimethyl-branching at various positions along the fatty acid chain of
15-(p-iodophenyl)pentadecanoic acid (IPP) on myocardial uptake, retention,
and heart:blood ratios has now been investigated. In this report the
preparation and preliminary biological evalaution of two model dimethyl
analogues of IPP, 15-(p-iodophenyl)-6,6'-dimethylpentadecanoic acid
(6,6'-DMIPP) and 15-(p-iodopheny1)-9,9'-dimethylpentadecanoic acid
(9,9'-DMIPP) are described.

The model dimethyl-branched analogues were synthesized from a key
synthetic intermediate, bis(thienyl)propane (3) utilizing the thiophene
elongation synthesis for long chain fatty acids (Scheme I). By selection
of the substituents introduced into the 2- and 2'-positions of the
thiophene ring of bis(thienyl)propane, a variety of dimethyl-branched
fatty acids with branching at positions 6 through 10 can be prepared. In
this synthetic approach, the starting material bis(thienyl)propane (3) was



prepared by treatment of thiophene (1) and acetone (2) with 75% sulfuric
acid. The synthesis of the analogue 9,9'-DMIPP was accomplished in a
9-step sequence of reactions (Scheme I), Utilizing this approach we
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coupled commerically available phenylacetyl chloride {4) with bis(thienyl)~
propane (3) by treatment with tin{IV) chloride in dichloromethane which
gave 2-(2-phenyl-l-oxoethyl)bis(thienyl)-propane (5). Wolff-Kishner
reduction of the ketone gave 2-(2-phenylethyl)bis(thienyl)propane (6).
The carboxylic acid moiety was introduced into the 2'-thienyl position by
acylation of the half ester acid chloride of succinic anhydride. The
3-carbomethoxypropionyl chloride (9) was prepared from commercially
available succinic anhydride (7) by treatment with methanol followed by
thionyl chloride. The thienyl derivative (6) was subjected to Friedel-
Crafts condensation with the acyl chloride (9) to afford 2-[2-phenyl-
ethy1]-2'-(1-oxo-3-carbomethoxypropyl)bis(thienyl)propane (10).
Wolff-Kishner reduction of the keto ester (10) gave 2-[2-phenylethyl]-
2'(3-hydroxypropiony1)bis(thienyl)propane (11). The pivotal step in the
synthesis involved the Raney nickel desulfurization of the acid (11)
followed by subsequent treatment with thallium (III) trifluoroacetate and
potassium iodide to giwe 9,9'-DMIPP (13).

The preparation of 15-(p-iodophenyl)-6,6'~dimethylpentadecanoic acid
(6,6'-DMIPP) was achieved in a manner analogous to the 9,9'-analogue
(Scheme I11). Bis(thienyl)propane was converted to the 2-lithio
derivative using n-butyllithium and then reacted with dry ice to give
2-bis(thienyl)propane carboxylic acid (14). The carboxylic acid was then
treated with diazomethane to give the corresponding methyl ester (15).
The resulting ester and 5-phenylpentanoyl chloride (16) were subjected to
Friedel-Crafts acylation to afford 2-(methoxycarbonyl)-2'-(1-0x0-5=
phenylpentyl)bis(thienyl)propane (17). Wolff-Kishner reduction of the
ketone gave 2-(hydroxycarbonyl)-2'-(5-phenylpentyl)bis(thienyl)thiophene
(18). Raney nickel desulfurization of the thienyl acid and subsequent
iodination using thallium (III) trifluoroacetate and potassium jodide
afforded 6,6'-DMIPP (20). The 9,9'-DMIPP was radioiodinated with
[iodine-125] sodium iodide and the radioiodinated agent evaluated in
fasted female Fischer rats. The results of this preliminary biological
evaluation are summarized in Table 1. The level of accumulation of
radioactivity in the myocardium after injection of 9,9'-DMIPP was
significant. The blood levels of activity were moderate resulting in
modest heart:blood ratios (3:1). This analogue thus appears to show lower
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heart uptake, more rapid myocardial washout, and higher blood levels than
the original 3,3'-DMIPP analogue. Since the chain length is the same,
these results suggest that the position of dimethyl-branching is an



important structural feature. The agent exhibited excellent (>95%)
retention in the heart at 30 min following injection which decreased to
67% at 60 min. The 6,6'-DMIPP and other positional isomers will be
studied in an effort to increase both H:B ratios and retention.

Table 1. Tissue distribution of [[-125]1-9,9'-DMIPP in fasted female rats
(3 animals, mean t SD)

Tissue 5 min 30 min 1 hr

B81cod 1.20 * 0.09 1.09 + Q0,17 0.90 + 0,05
Liver 8.51 + 0.57 6§.54 + 0,81 5.00 + 0.16
Kidney 1,36 + 0,06 1.28 + 0.22 1.25 + 0,02
Heart 3.13 * 0.53 3.06 £ 0,79 1.90 + (.26
l.ung 1.81 + 0.13 1.28 + 0.23 1.17 = 0.09
Thyroid 11.53 + 2.97 12.52 + 3,08 14,72 + 1.09
Heart/Blood 2.63 + 0,65 2.77 + 0.30 2,09 * 0,19

RADIOIODINATED N-SUBSTITUTED MALEIMIDES — NEW SULFHYDRYL BINDING
PROTEIN-LABELING AGENTS

In the last report in this series (ORNL/TM-10238), the synthesis and
hiological properties of a new protein-labeling agent (IPM), were
described. The IPM has more recently been tested on the adenylate cyclase
system in blood platelets by a collaborator at the Thrombosis Research
Center, Temple University, Philadelphia (Dr. David C. B. Mills). The IPM
was incubated for 10 min with washed human blood platelets in which the
metabolic adenine nucleotides had been pre-labeled with [3H]-adenine. The
platelets were then incubated with prostaglandin (PGI,), a stimulator of
adenylate cyclase, either alone or with adenosine diphosphate (ADP) or
epinephrine (Epi) at concentrations that inhibit the action of PGI,. The
radiocactive cyclic adenosine monophosphate (cAMP) was then separated from
other labeled nucleotides. Accumulation of cAMP is related to the
stimulation of adenglate cyclase in platelets. In this system, thiol
reagents of the maleimide type interfere with the inhibitory effect of
ADP. Compounds like N-ethylmaleimide have little effect on the inhibitory
response to epinephrine under these conditions.l At higher concentra-
tions, compounds that penetrate the cell membrane also inhibit adenylate



cyclase. Figure 1 shows the results of an experiment using IPM. The
results are similar to those that are generally seen with N-ethylmaleimide
or with N-phenylmaleimide, only the iodinated compound appears to be at
least four times as active as N-phenylmaleimide. It appears that IPM may
react specifically with the thiol group(s) associated with the inhibitory

effect of ADP, which may be intimately associated with the ADP receptor,

I | T 5 ]
O
PGy § 0
A $
20 ___} 10 min PREINCUBATED _
§ + ADP 20 uM I WASHED PLATELETS
o- &
=
< — -
O
* 3
3
= -
I | { I
0 225 45 10 15 30
N-[p-lodophenyl]Maleimide
CONCENTRATION (M)
*0.2 mM RAg33, A PHOSPHODIESTERASE INHIBITOR WAS ADDED.
Figure 1., Effect of IPM on the response of platelet adenylate cyclase

to PGI,* in the presence and absence of ADP or Epi. Results are given as
percent of intracellular radioactivity found as cAMP. (Courtesy of David
C. B. Mills, Ph.D., Thrombosis Research Center, Philadelphia).

High specific activity of [1-125]}IPM has also been evaluated in human
platelets. Samples of washed platelets were exposed to different reagents
for 32 min at 37°C and then to aproximately 100 uM [I-125]IPM for another

2 min. The platelets were lysed in SDS-mercaptoethanol and the samples



then applied to lanes 2-13 of a 15 well 12.5% polyacrylamide gel electro-
phoresis (PAGE) slab and run overnight. The slab was fixed and stained
with Coomassie blue (CB) and photographed (Fig. 2). An autoradiography
was developed with intensifying screens for 23 h (Fig. 3). The samples
are identified in Table 2. The reagent reacts with almost all of the
proteins identifiable by CB staining, regardless of their intracellular
location, e.g., actin (Mr 42k) and myosin (heavy chain Mr 200k and light
chain Mr 20k) and alpha-actinin (Mr 220k). There was not detectable
protection of any of the bands by pretreatment with any of the non-
penetrating reagents.

Table 2. Data for samples of washed platelets exposed to different

reagents for 32 min at 37° before treatment with [I-125]IPM,

Electrophoretic results are illustrated in Figures 2 and 3. (Courtesy
of David C. B. Mills, Thrombosis Research Center, Philadelphia).

Platelet Reagents Lanes
1 &2 1 mM 5,5'-dithiobis-(2-nitrobenzoic 2 %3
acid) (DTNB)
3&%4
5 &6 80 uM cytochalasin A 6 &7
7 & 8 1 mM p-chloramercurybenzene sulphonate 8 &9
(pCMBS)
9 & 10 1 M taurine maleimide 10 & 11
11 & 12 No addition 12 & 13

These combined studies have thus demonstrated that N-{p-[125IJiodo-
phenyl)maleimide can be prepared in high specific activity in a three-step
process. Tissue distribution studies in rats indicate preferential
retention of [I1-125JIPM with cellular blood components (ORNL/TM-10238).
This new agent also appears to bind with IgG, albumin and platelet
proteins. The technology could be developed for labeling of a variety of

biclogical substrates with suitable radichalogens for radiopharmaceutical
applications.
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Figure 2. Coomassie blue stained photograph after the samples of
washed platelets were exposed to different reagents for 32 min at 37° and

then to approximately 100 pM [I-125]IPM for another 2 min analysis.
{Coirtecy nf David C. B. Mills. Thrombosis Research Center. Philadelphia).
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Figure 3. Autoradiograph after the samples of washed platelets were
exposed to different reagents for 32 min at 37° and then to approximately

100 wM [I-1257IPM for another 2 min analysis. (Courtesy of David C. B.
Mills, Thrombosis Research fantar Philadalnhia)
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