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15% by the method described. Their activity shown in
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Table I, together with that of HEPT, clearly indicates that
the initial activity of HEPT has been dramatically im-
proved at this stage. In particular, the EC4, value of 15
is comparable to AZT. It should be emphasized that, in
terms of CCjy, both 5-ethyl analogues are much less cy-
totoxic than is AZT. When the activity was examined with
some AZT-resistant HIV-1 strains, both compounds were
equally effective.® Their anti-HIV-1 activities were
further confirmed by monitoring viral antigen expression
in CEM cells as shown in Figure 1.31 HIV-1 antigen
expression was almost completely suppressed at concen-
trations of 40-800 nM.

It should be mentioned that the analogues synthesized
in this study are uniformly inactive against HIV-2,% fol-
lowing the original specificity of HEPT. Our recent ob-
servation using reverse transcriptase (RT) indicates that
14 and 15 were potent inhibitors of HIV-1 RT, irrespective
of the source of enzymes.*® However, reflecting their lack
of activity against HIV-2 in cell cultures, these compounds
did not prove inhibitory to HIV-2 RT. These results
suggest their mode of action against HIV-1 at RT is clearly
distinct from that of AZT. Another point to be emphasized
is the effect of the compounds on bone marrow cell pro-
liferation. In our preliminary experiments, AZT sup-
pressed approximately 50% of the colony formation of
murine bone marrow progenitor cells at concentration of
1 uM, whereas no such inhibition was observed with 14 and
15 even at 10 uM.

In conclusion, the present study demonstrates the
anti-HIV-1 activity originally found in HEPT can be re-
tained, or improved in certain cases, by removing the hy-
droxyl group. The 5-ethyl-“5'"-deoxy analogues (14 and
15) obtained by further modification at the base moiety
are much less toxic than AZT and, in particular, 15 is
almost as active as AZT. Considering their effectiveness
against AZT-resistant strains of HIV-1 and also their lower
toxicity to bone marrow cells, we believe these compounds
may constitute highly promising candidates for the che-
motherapy of AIDS.
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Novel Synthesis and Biochemical Properties of an
['%1]-Labeled Photoaffinity Probe for
Thromboxane A,/Prostaglandin H, Receptors

Thrombozane A, (TXA,) and prostaglandin H, (PGH,)
posses potent proaggregatory, vasoconstrictor, and bron-
choconstrictor activities. TXA, has been implicated as a
pathophysiological mediator in a variety of cardiovascular
disorders.! As a consequence, there has been considerable
interest in the development of TXA,/PGH, receptor an-
tagonists for potential use in some of these pathophysio-
logical disorders. In addition, characterization of
TXA,/PGH, receptors at the structural-functional level
has begun to be pursued.?® In the past few years, a
number of radioligands have been synthesized and used
for the characterization of TXA,;/PGHj receptors.*7 Of
the various radioligands, 7-[(2R,2S,3S,5R)-6,6-dimethyl-

(1) Halushka, P. V,; Mais, D. E. Drugs Today 1985, 25, 383.

(2) For a review of eicosanoid receptors, see: Halushka, P. V.;
Mais, D. E.; Mayeux, P. R.; Morinelli, T. A. Annu. Rev. Pharm.
Toxicol. 1989, 29, 213.

(3) Ushikubl, F.; Nakajima, M.; Hirata, M.; Okuma, M.; Fujiwara,
M.; Narumlya, S. J. Biol. Chem. 1989, 264, 16496.

(4) Mais, D. E.; Knapp, D.; Halushka, P. V.; Ballard, K.; Hama-
naka, N. Tetrahedron Lett. 1984, 25, 4207.

(5) Morinelli, T. A.; Oatis, J. E.; Okwu, A. K.; Mais, D. E.; Mayeux,
P. R.; Masuda, A.; Knapp, D.; Halushka, P. V. J. Pharmacol.
Exp. Ther. 1989, 251, 557.

(6) Narisada, M.; Ohtami, M.; Watanabe, F.; Uchida, K.; Arita, H,;
Doteuchi, M.; Hanasaki, K.; Kakushi, H.; Otani, K,; Hata, S.
J. Med. Chem. 1988, 31, 1847.

(7) Halushka, P. V.; Morinelli, T. A.; Mais, D. E. Methods Enzy-
mol. 1990, 187, 397.
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3-[[(4-iodophenyl)sulfonyl]amino]bicyclo[3.1.1]hept-2-
yl1]-5(Z)-heptenoic acid (1#1-SAP), 1, has been shown to
bind with high affinity to the TXAz/PGH2 receptor in
human platelets.?

Another technique utilized for the biochemical charac-
terization of receptors is photoaffinity labeling using a
radiolabeled photolabile molecule which binds with high
affinity to a receptor and can be irreversibly incorporated
into the receptor under the influence of ultraviolet light.

Because of the high-affinity binding of 1 to the human
platelet receptor and based on previous structure-activity
relationships developed for structurally similar norbornyl
analogues,” we designed as a potential probe the %I-labeled
analogue 2, 7-[(2R,23,3S,5R)-6,6-dimethyl-3—[[ (3-iodo-4-
azidophenyl)sulfonyllamino]bicyclo[3.1.1]hept-2-y1]-5-
(Z)-heptenoic acid (I-SAP-Nj). Initial attempts to syn-
thesize this analogue via intermediate amine 3 failed.
Radioiodination of 3 occurred readily, but conversion to
the azide resulted in lactonization of the upper side chain,
presumably due to the acid-labile nature of the double
bond in these sulfonamide series of compounds. This
prompted us to develop an alternative pathway to 2.

Recent advances in radioiododestannylation suggested
that this technique may be applied for the synthesis of 2.3°
The route shown in Scheme I was chosen because the
labeling procedure could be performed in the last step
under mild nonacidic conditions. To our knowledge the
generation of a trialkyl tin moiety in the presence of an
aromatic azide has not been attempted. This communi-
cation describes the synthesis of a new high-affinity
TXA,/PGH; receptor photoaffinity label via trimethyltin
derivative 7.

Synthesis. Commercially available p-aminobenzene-
sulfonic acid was iodinated with IC1'¢ and the resulting
product purified by preparative HPLC using a 2.54 X 50
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Figure 1. Chemical structures of I-BOP, SQ29548, L657925(-),
and its enantiomer, L657926(+).
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Figure 2. Competition of [1%7]-2 (I-SAP-Nj) for binding sites in
human platelet membranes, Platelet membranes (10 ug of protein
per tube) were incubated with [12I]JIBOP (20 pM), a TXA, mi-
metic, along with varying concentrations of [127I]-2 in 26 mM
MOPS (pH = 6.5) in a final volume of 200 uL. Incubation was
for 30 min at 30 °C and stopped by rapid filtration onto GF/C
filter paper, which was washed two times with ice-cold assay buffer.
Nonspecific binding was defined as the binding remaining in the
presence of SQ29548 (10 uM). Data represent the mean of three
experiments performed in duplicate.

cm ODS column with a mobile phase of methanol (80%)
and 0.1 M ammonium acetate. The amine was diazotized
and converted to the azide by using published procedures.!!
Refluxing the sulfonic acid in sulfonyl chloride gave in-
termediate 4.1° Pinanamine 5, synthesized by previously
published methods,!* was condensed in anhydrous toluene
and triethylamine at room temperature with 4 to yield 6
(80% yield). Hydrolysis in LIOH-THF gave 12'I-labeled
2. Compound 6 also served as the precursor of the 1%I-
labeled compound via generation of trimethyltin derivative
7 with hexamethylditin and tetrakis(triphenyl-
phosphine)palladium(0) in refluxing dioxane for 3 h.
Reaction of this arylstannane derivative with chloramine-T
and sodium ['#1]iodide in methanol followed by hydrolysis
of the ester and HPLC purification yielded [*#]]-2.1* The

(8) Mais, D. E.; Halushka, P. V.; Masao, N.; Morinelli, T. A.; Oatis,
J.Es Hamanaka, N. J. Labelled Compf’s Radtopharm In
press.
(9) Blaszczak L. C,; Halligan, N. G.; Seltz, D. E. J. Labelled
Compds. Radwpharm 1989, 27, 401
(10) Wallingford, U. H.; Kruger, P.T. Organic Synthesis; Blatt, A.
H, %d.; J. Wiley and Sons: New York, 1943; Collect. Vol. II,
p 349.

(11) Furness, B. S.; Hanaford, H. J.; Rogers, U.; Smith, P. W. G.;
Tatchell, A. R. Vogels Textbook of Practical Organic Chem-
istry, 4th ed.; Longmens: New York, 1978; p 718.

(12) Lowndes, J. M.; Hokin-Neaverson, M.; Ruoho, A. E. J. Biol.
Chem. 1984, 259 10533.

(13} All new compounds reported herein exhibited !H NMR and
mass spectra in agreement with the assigned structures.

(14) Hamanaka, N. J. Synth. Org. Chem. (Japan) 1984, 42, 62
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Figure 3. Time course of association of ['%1]-2 (1%5]-SAP-Nj;) to
solubilized human platelet membranes. CHAPS-solubilized
membranes (20 ug of protein) were incubated with three con-
centrations of ['%]-2 for up to 1 h at 30 °C. Nonspecific binding
and filtration were carried out as described in the caption for
Figure 1, except the GF/C filter paper was prewetted with 0.3%
polyethylenimine.’® The pseudo-first-order rate constants were
calculated for each ligand concentration and plotted versus ligand
concentration: slope = 0.1125 nM™ min™ = ky; y intercept =
0.0480 min™ = k_;; K4 = 427 pM = k_,/k; (N = 3 for each ligand
concentration).

product was pure by HPLC and comigrated on TLC plates
with authentic unlabeled material; the radiochemical yield
based on %] was 64 + 3% (N = 4). Importantly, tin
derivative 7 is stable and the photoaffinity probe [1%1]-2
can be readily generated from this precursor.
Biochemistry. Competition of ['?7I]-2 was carried out
with [ZI]IBOP (structures of analogues used in this study
are shown in Figure 1), a previously described TXA,/PGH,
receptor ligand in human platelet membranes and a rapid
filtration assay.® The Ky value determined from these
assays was 382 + 41 pM (IV = 3) (Figure 2). The binding
of ['%1]-2 to CHAPS-solubilized platelet membranes was
time dependent as is shown in Figure 3. This figure shows
the time course of association of ['?*I]-2 using three dif-
ferent concentrations of [%]]-2. A pseudo-first-order rate
constant (k,) was determined for each concentration of
ligand and plotted versus ligand concentration (Figure 3,
inset). The slope of this best fit line gave the association
rate constant (k,) and the y intercept provided the dis-
sociation rate constant (k_;). From those values, a K of
427 pM was determined (K4 = k_,/k,), which agrees well
with the Ky value determined from competition assays.
In order to demonstrate that [1%51]-2 is binding to the
TXA,/PGH; receptor, a series of TXA, analogues known
to interact at the receptor were used to compete with
[***1)-2 binding. These pooled displacement curves are
shown in Figure 4. L657925 and L656926 are a pair of
enantiomers which have been previously shown to interact
at the TXA,/PGH, receptor, with L657925 being about
100 times more potent than L.657926.1® These compounds
possessed ICy, values of 11.2 nM and 1.5 uM, respectively.

(15) 7 (15 nmol) was dissolved in 30 uL of methanol and 1 mCi of
sodium [**#}iodide was added, followed by the addition of 5
uL of chloramine-T (5 mg/mL in 200 mM phosphate buffer,
pH = 7.5). The reaction proceeded for 4 min at room tem-
perature, and 10 uL of THF and 10 uL of 2 N LiOH were
added. After 1 h the mixture was imjected into an ODS-3
reverse-phase column utilizing a mobile phase of 80% MeOH
and 20% 0.1 M ammonium acetate at a flow rate of 1 mL/min.
The product elutes at 6.5-7.0 min under these conditions.

(16) Mais, D. E.; Yoakim, C.; Guindon, Y.; Gillard, J. W.; Rokach,
J.; Halushka, P. V. Biochem. Biophys. Acta 1989, 1012, 184.
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Figure 4. Displacement of [1%]]-2 (*%[-SAP-N;) by compounds
which interact at the TXA,/PGH, receptor. Displacement curves
were generated with ~100 pM of ['*1]-2 and 20 ug of solubilized
platelet membrane protein and various concentrations of inhib-
itors. The data represent the mean of five separate experiments
for each compound. The 1Cy,; values were L657925, 11.2 + 3.2
nM; SQ29548, 35.8 + 1.7 nM; IBOP, 50.0 + 6.2 nM; L657926, 1.5
+ 0.1 uM, respectively. Incubation and filtration were carried
out as described under in the caption for Figure 2.
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Figure 5. Irreversible incorporation of [12°1]-2 into partially
purified TXA, receptors. Partially purified receptor was incubated
with 1 uCi of ['%51]-2 both in the absence of competing ligand
(control lane) and the presence of competing ligand (SQ29548 lane,
10 uM). Following photolysis with a hand-held ultraviolet lamp,
the sample was subjected to SDS-PAGE on an 8-16% gradient
followed by autoradiography. The arrows indicate the molecular
weight marker proteins and are, from the top, 92, 67, 43, and 31
kDa, respectively. The specifically labeled protein band seen in
the control lane corresponds to a molecular weight of 50-51 kDa.

IBOP possessed an IC;, value of 50 nM while the value
of 8Q29548 was 35.8 nM.517

The utility of ['2°I]-2 to irreversibly label the TXA,/
PGH, receptor is demonstrated in Figure 5. Partially
purified receptor from human platelets was incubated with
the 1 uCi of ['%51]-2 for 20 min at 30 °C in the absence of
a competing ligand (control lane) and the presence of
TXA, antagonist SQ29548. Following photolysis with
ultraviolet light, the sample was subjected to SDS-PAGE
followed by autoradiography. A specifically labeled protein
band corresponding to 50-51 kDa was observed in the
control lane which was abolished in the lane where a
competing ligand was present.

(17) Hedberg, A.; Hall, 8. E,; Ogletree, M. L.; Harris, D. N.; Liv, E.
C.-K. J. Pharmacol. Exp. Ther. 1988, 245, 786.

(18) Burch, R, M.; Mais, D. E.; Saussy, D. L.; Halushka, P. V. Proc.
Natl. Acad. Sei. U.S.A. 1985, 82, 7434.
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Conclusion

In this communication we have described an efficient
synthesis of an 1?5-labeled photoaffinity probe of high
affinity for human platelet TXA,/PGH, receptors. The
high affinity of this probe and its irreversible incorporation
into the TXA, receptor should make it a useful tool for
the study of this receptor. This synthesis was accom-
plished via an exchange of the '?7I isotope with a tri-
methyltin group in the presence of an azide group followed
by an electrophilic destannylation using [*I]ICI generated
with chloramine-T. This novel approach should prove to
be generally applicable to the synthesis of other pho-
toaffinity probes where generation of an azide under acid
conditions is not possible due to the presence of other
acid-labile groups in the molecule. In addition, the ex-
change can be performed as a final step and in good yields,
eliminating the need to generate an azide in the final step,
which is commonly done for 1*I-labeled azides.
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1-(Carboxybenzyl)imidazole-5-acrylic Acids:
Potent and Selective Angiotensin IT Receptor
Antagonists

The renin—-angiotensin system (RAS) plays an important
role in the regulation of blood pressure and fluid and
electrolyte balance. Blockade of the renin-angiotensin
system by inhibiting the biosynthesis of the effector hor-
mone, angiotensin II (AII), with angiotensin converting
enzyme (ACE) inhibitors has been shown to be clinically
effective in the treatment of hypertension, congestive heart
failure, and, potentially, chronic renal failure.! However,
ACE inhibitors, in addition to their effects on the RAS,

" inhibit bradykinin metabolism, and as a result may pro-
duce cough and angioedema. An alternative, and perhaps
more selective approach to interfering with the RAS, is to
inhibit the binding of AII to its receptor. Such an an-
tagonist would be expected to exhibit similar therapeutic
effects as the ACE inhibitors, but may lack the undesirable
side effects related to bradykinin potentiation.2 Although
a number of peptide analogues of AII have been reported
to have AII receptor antagonist properties, all have re-
tained partial agonist properties and have lacked oral
bioavailability.! More recently, several groups have de-
scribed nonpeptide AII receptor antagonists that show
promise as inhibitors of the RAS.4 In this communica-
tion, we describe the design, synthesis, and pharmacolog-
ical characterization of the (4-carboxybenzyl)imidazole-5-

(1) Corvol, P. New Therapeutic Prospects of Renin-Angiotensin
System Inhibition. Clin. Exp. Hypertens.—Theory Practice
1989, A1 (Suppl. 2), 463-470.

(2) Chin, H. L.; Buchan, D. A. Severe Angioedema after Long-
Term Use of an Angiotensin-Converting Enzyme Inhibitor.
Ann. Intern. Med. 1990, 112, 312-313.

J. Med. Chem. 1991, 34, 1514-1517
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acrylic acid 1 (SK&F 108566), a highly potent, selective
non-peptide AIl receptor antagonist which was designed
to mimic the C-terminal region of All.

The benzylimidazole 2 (Table I) was reported by the
Takeda group* to be an AII antagonist. A detailed eval-
uation of this compound indicated that it was a specific,
albeit weak, competitive antagonist of AIl, which not only
inhibited the pressor effect of AIl in normotensive rats but
in addition lowered blood pressure in renin-dependent
hypertensive rats. In developing a strategy for enhancing
affinity in this class of AIl antagonists, we postulated that

(3) (a) Dunica, J. V.; Chiu, A. T.; Carini, D. J.; Gregory, G. B.;
Johnson, A. L.; Price, W. A,; Wells, G. J.; Wong, P. C.; Cala-
brese, J. C.; Timmermans, P. B. M. W. M, The Discovery of
Potent Nonpeptide Angiotensin II Receptor Antagonists: A
New Class of Potent Antihypertensives. J. Med. Chem. 1990,
33, 1312-1329. (b) Wong, P. C.; Chiu, A, T.; Price, W. A.;
Thoolen, M. J. M. C.; Carini, D. J.; Johnson, A. L.; Taber, R.
I; Timmermans, P. B. M. W. M. Nonpeptide Angiotensin II
Receptor Antagonists. 1. Pharmacological Characterization of
2-n-Butyl-4-chloro-1-(2-chlorobenzyl)imidazole-5-acetic acid,
sodium salt (S-8307). J. Pharmacol. Exp. Ther. 1989, 247, 1-17.
(c) Wong, P. C,; Price, W. A.; Chiu, A. T.; Carini, D. J.; Dunica,
J. V.; Johnson, A. L.; Wexler, R. R.; Timmermans, P. B. M. W.
M. Nonpeptide Angiotensin II Receptor Antagonists: Studies
with EXP9270 and DuP 753. Hypertension 1990, 15, 823-834.
(d) Wong, P. C.; Price, W. A.; Chiu, A. T.; Wong, N. Y.; Du-
nica, J. V.; Carini, D. J.; Johnson, A. L.; Timmermans, P. B.
M. W. M. EXP-6803, A Nonpeptide Angiotensin I Receptor
Antagonist. Cardiovasc. Drug Rev. 1989, 7, 285. (e) Chiu, A.
T.; Dunica, J. V.; McCall, D. E.; Wong, P. C.; Price, W. A,;
Thoolen, M. J. M. C.; Carini, D. J.; Johnson, A. L.; Timmer-
mans, P. B. M. W. M. Nonpeptide Angiotensin II Receptor
Antagonists. III. Structure-Function Studies. J. Pharmacol.
Exp. Ther. 1989, 250, 867-874.

(4) Furukawa, Y.; Kishimoto, S.; Nishikawa, K. Hypotensive Im-
Idazole-5-acetic Acid Derivatives. U.S. Patent 4 355 040, 1982.
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