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Benzopyrans are selective ERB agonists for use in the treatment of prostatic
diseases.

Bryan H. Norman, Timothy I. Richardson, Venkatesh Krishnan Jeffrey A. Dodge,
Charles W. Lugar, Yong Wang, Keyue Chen, Benjamin C. Yaden, Gregory L Durst,
Robert J. Barr, Chahrzhad Montrose-Rafizadeh, Harold E. Osborne

A novel class of selective ER[ ligands that belong to the benzopyran scaffold have
been identified. These compounds bind the ERB binding pocket with high affinity (< 1
nM K;) and show full agonist activity for ERp in cell based reporter assays. Additionally,
these compounds show ERJ binding selectivity (>10X) and functional selectivity (>40X),
relative to ERa. X-ray crystal structure for the prototypical agonist reveals an agonist-
like conformation for helix 12, when co-crystallized with the ligand binding domain of
ERPB. A different binding mode has been observed when this molecule is co-crystallized
with ERa. This unique finding helps explain the observed B-selectivity in this chemical
class and offers the opportunity for a structure-based drug design approach to further
improving B-selectivity. Treatment of intact CD-1 male mice with ER[3 agonists results in
a dose-dependent reduction in ventral prostate weight, similar to the nonselective ER
agonist, diethylstilbestrol (DES). However, unlike hormone ablation or DES treatment,
minimal changes were seen in seminal vesicle and testes wet weights over this dose-
range. Furthermore, experiments with BERKO (ER Beta knock out mice) and strain
matched wild type C57BL6 mice show absolute requirement for ER[p protein in
mediating this prostate reducing effect. TUNEL analysis from treated rats reveal
profound apoptosis in both the stromal and epithelial compartments of the rat ventral
prostate. Accordingly, both stromal and epithelial biomarkers of prostate atrophy as
measured by SMMHC and SGP-2 transcripts, respectively, were significantly altered
compared to control animals. This increase in stromal atrophy biomarker was distinct to
ERp agonist treated rats and was not observed in finasteride (5a-reductase inhibitor)
treated rats. Collectively, we report the identification, and characterization of a novel
class of ERP selective agonists that are devoid of the risk of non-selective DES like
agonists.



DESIGN AND DEVELOPMENT OF LOW TOXICITY UAB-REXINOIDS FOR BREAST
CANCER CHEMOPREVENTION. Brouillette, W. J.,* Muccio, D. D., Atigadda, V. R,
Deshponde, A., Vines, K. K., and Grubbs, C. J. University of Alabama at Birmingham,
Department of Chemistry, 901 14" St. South, Birmingham, AL 35294; email: wbrou@uab.edu.

Retinoic acid (RA) is a hormone that regulates cellular processes such as proliferation,
differentiation, and apoptosis. The biological actions of RA and related compounds (retinoids)
are mediated through two classes of nuclear receptors, termed retinoic acid receptors (RARs) and
retinoid X receptors (RXRs). Each class is comprised of three isoforms termed a, (3, and y. These
receptors have different ligand specificity as evidenced by the observation that all-trans-RA
binds and activates only RAR receptors, while 9-cis-RA binds and activates all isoforms of both
the RARs and RXRs. These nuclear receptors act primarily as homo- or heterodimers to
modulate gene expression. It is generally accepted that synthetic retinoids with subtype and/or
isoform selectivities have potential utility in the therapy and/or prevention (chemoprevention) of
cancer.

In a chemically induced breast cancer chemoprevention rat model, 9-cis-RA was shown
to significantly reduce the number of mammary tumors. But retinoid agonists are typically
plagued by adverse toxicities. For example, 9-cis-RA and synthetic RXR agonists cause dramatic
increases in triglyceride levels. At UAB we have designed a series of RXR-selective agonists
with the goal of maintaining chemopreventive activity while reducing toxicity. 9-cis-UAB30, a
conformationally constrained rexinoid that limits rotation about the C6-C7 bond, prevents
mammary cancer with no overt signs of toxicity. Importantly, 9-cis-UAB30 does not cause a
significant increase in triglycerides at the effective dose. We have also confirmed that 9-cis-
UAB30 and tamoxifen are effective in combination when each is administered in lower doses. 9-
cis-UAB30 has been selected by the NCI RAPID program and is currently undergoing
preclinical trials in anticipation of Phase | human testing.

This presentation will summarize the design, synthesis, and biological evaluation of 9-
cis-UAB30, and will also discuss examples of second generation UAB-rexinoids.
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In Vitro and In Vivo Evaluation of a Ketone-Containing a,f; Integrin
Antagonist for the Treatment for Osteoporosis
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Abstract

The vitronectin receptor a3 is a member of the integrin family and is highly
expressed in osteoclasts, cells that are responsible for the resorption of bone. Antibodies to o33
and the peptide echistatin have been shown to inhibit bone resorption in vitro and in vivo. More
recently, small-molecule mimetics of the RGD amino acid triad have been identified with similar
activities.

The design, synthesis, and biological evaluation of a novel class of ketone-
containing a3 antagonists will be described. The evolution of this class from amide precursors
will be examined, as will the effect of chain substitution on potency, physical properties and
pharmacokinetic profile. Antiresorptive activity of these compounds in a rat model of
osteoporosis will be described. An antagonist from this series will be described that is a
candidate for clinical evaluation as a treatment for osteoporosis.



COMPUTATIONAL AND PHARMACOKINETIC STUDIES DIRECTED AT
UNDERSTANDING THE DIFFERENCES IN ORAL BIOAVAILABILITY SEEN
BETWEEN CLOSELY RELATED ayf; INTEGRIN ANTAGONISTS. Kinney, W.A.;*
DeCorte, B.L.; Tounge, B.A.; Ghosh, S.; Liu, L.; Santulli, R.J.; Leo, G.C.; Hageman,
W.E.; Masucci, J.; Tuman, R.W.; Galemmo, R.A., Jr.; Johnson, D.L.; Damiano, B.P.;
and Maryanoff, B.E., Johnson & Johnson Pharmaceutical Research and Development,
Welsh & McKean Roads, Spring House, PA 19477-0776, wkinneyl@prdus.jnj.com.

A series of piperidine-containing B-arylpropionic acids were recently identified as orally
bioavailable vitronectin receptor (ayvBs/avBs) antagonists.® Such agents have potential
as treatments for cancer, arthritis, osteoporosis, and diabetic retinopathy. The use of
the tetrahydroquinoline (THQ) group as the B-aryl group was described separately.?
The THQ compounds 3 and 4 had improved oral bioavailability as compared to the
corresponding quinoline compounds 1 and 2, while retaining good potency. Since these
four derivatives are virtually indistinguishable by Lipinski’'s “rule of 5" or Veber's
rotatable bonds analysis, some other factor must be accounting for the observed
differences. Comparision of the solubility, metabolic stability, LogP, pKa, and CACO-2
permeability of 1, 3, and 4 provided some insight. Conformational and polar surface
area calculations were utilized to further characterize the three derivatives.
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1. *“Piperidine-Containing B-Aryl Propionic Acids as Potent Antagonists of ayBs/avps
Integrins” B. De Corte et al., Bioorg. Med. Chem. Lett. 2004, 14, 5227-5232.
2. "1,2,3,4-Tetrahydroquinoline-Containing o3 Integrin Antagonists with Enhanced
Oral Bioavailability” S. Ghosh et al., Bioorg. Med. Chem. Lett. 2004, 14, 5937-
5941.
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SYNTHESIS OF IMMUNOMODULATORY MACROLIDES FOR CYSTIC FIBROSIS. Fecik,
R.A.*, Lakshmanan, V., and Aldrich, C.C. Department of Medicinal Chemistry, University of
Minnesota, 308 Harvard St. S.E., 8-101 WDH, Minneapolis, MN 55455, fecik001@umn.edu

Macrolide antibiotics possess potent immunomodulatory activity that is of potential therapeutic
value in the treatment of a variety of immunological disorders, particularly cystic fibrosis (CF).
Erythromycin was demonstrated to dramatically reduce the ten year mortality in diffuse
panbronchilitis patients from 90% to 10%." The clinical benefits of azithromycin in CF were
recently confirmed with three large, long-term, randomized, double-blind trials that conclusively
demonstrated improvements in lung function and quality of life.>* The positive results with
azithromycin in CF have been attributed to its immunomodulatory activity rather than its
antibacterial activity. Erythromycin (1), clarithromycin (2), azithromycin (3), and telithromycin
(4) inhibit the release of the inflammatory cytokines TNF-a, IL-1, IL-6, and IL-8 from various
human cell types in vitro.>” Macrolides inhibit the activation of NF-kB and AP-1, two master
regulators of cytokine production and inflammation, in a calcineurin-independent fashion, yet a
specific target molecule that is responsible for this activity has not been indentified.®*

erythromycin (1), R=H azithromycin (3, Zithromax®) telithromycin (4,
clarithromycin (2, Biaxin®), R = Me Ketek®, HMR 3647)

Our long-term goal is to discover a potent and selective immunomodulatory macrolide
that can improve the lung function and lifespan of CF patients. The initial objectives of our
research program are to separate the immunomodulatory and antibacterial activities of
macrolides, and discover the drug target responsible for these immunomodulatory effects. We
propose that selective immunomodulatory macrolides will be of significant value in the long-
term treatment of CF since they will not select for drug-resistant bacteria.

To access novel macrolides that cannot be synthesized by semi-synthetic approaches, we
have developed an efficient, convergent route for the total synthesis of macrolide antibiotics. Our
retrosynthetic analysis of the macrolide antibiotic narbonolide (5) is shown in Figure 1.
Preliminary data from our group suggests that macrolide aglycones still retain
immunomodulatory activity. A key feature of this approach is the desymmetrization of diol
fragment 8, which allows for rapid construction of seco-narbonolide. By utilizing modified
fragments, we can rapidly synthesize a range of macrolide analogs for biological testing.

We will present the results of our total syntheses of narbonolide and analogs, and
preliminary evaluation of their in vitro immunomodulatory activity in human THP-1 monocytes.
We have also examined the use of polyketide synthase (PKS) thioesterases as macrolactonization
catalysts in our total syntheses. These results have important implications for the development
and use of environmentally-friendly catalysts and combinatorial biosynthesis. Our results also
demonstrate that it is possible to separate the immunomodulatory and antibacterial activities of
macrolides.
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Figure 1. Retrosynthesis of the macrolide antibiotic narbonolide.
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PROGRESSION OF A NOVEL CLASS OF ORALLY ACTIVE p38 MAP KINASE
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Overproduction of cytokines such as TNF-a and IL-1f3 are implicated in a wide variety of
inflammatory diseases, including rheumatoid arthritis (RA), psoriasis, inflammatory bowel
disease and endotoxic shock, among others. The stress-activated signal transduction pathway
leading to inflammatory cytokine production in stimulated immune cells is known to be
regulated in part by p38a mitogen activated protein (MAP) kinase. To this end, we and others
have searched for inhibitors of p38a as a means to inhibit inflammatory cytokine production.
Herein, we describe our ongoing efforts in developing potent, selective and orally active
inhibitors of p38a MAP kinase. Previously, we discussed the discovery of a micromolar
triaminotriazine inhibitor possessing unique functional groups to known p38 inhibitors. The main
issues identified with this hit were poor in vitro efficacy (1Cso 1360 nM), hydrophobicity (clogP
6) and moderate cytotoxicity. Through sequential modification of the three sites on the
triaminotriazine, significant improvement in in vitro efficacy (p38 enzyme ICso 24 nM, THP-1
ICs0 167 nM) and in vivo activity (EDsp for TNF suppression: 3-10 mpk when dosed 30’ prior to
LPS challenge in the mouse, 50% suppression of paw swelling when dosed at 50 mpk, po, bid, in
the rat) were achieved. The X-ray crystal structure of one compound anchored within the ATP
binding pocket of the enzyme verified that a key aniline amide was involved in two critical
hydrogen bonding interactions; one with Asp 168 and the other with Glu 71. In addition, one of
the nitrogens of the triazine is involved in a through-water hydrogen bond with the NH backbone
of Met 109. To examine potential alternatives to the through-water H-bond of the triazine to
Met109, cyanopyrimidines were examined as possible replacements. The X-ray crystal structure
of a representative example verified that the cyano group can successfully replace the through
water H-bond seen in the triazine series. SAR progression in this series led to the discovery of
compounds with excellent in vitro, in vivo, PK and kinase selectivity properties. The most potent
compounds in this class suppress LPS-induced TNF by >80% when dosed 5 hr prior to LPS
challenge in the mouse. A detailed description of the SAR, X-ray crystal structure and profiling
properties of compounds in this series will be presented.



SYNTHESIS AND MODELING STUDIES OF PEPTIDOMIMETIC ALDEHYDES
RELATED TO A CATARACT PREVENTING CALPAIN INHIBITOR

Neffe, A.T.*, Abell, A.D., Coxon, J.M., Jones, M.A., Myamoto, S., Nikkel, J.M., Payne, R.J.,
and Stuart, B.G.

Department of Chemistry, University of Canterbury, Private Bag 4800, Christchurch,
New Zealand
Email: axel.neffe@canterbury.ac.nz

Calpains, Ca®* dependent cysteine proteases, have been connected to a number of diseases,
including Alzheimer’s, muscular dystrophy and some forms of cataract. In the calpain related
cataract, the over activation of calpain leads to the breakdown of the crystallins in the eye. This
produces insoluble fragments which cloud the lens resulting in blindness. The only available
treatment today is surgery thereby implanting an artificial lens. The development of a calpain
inhibitor preventing the proteolysis of the crystallins would be an alternative to this procedure.
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The peptide aldehyde SJA6017 1 is a potent inhibitor of m- and p-calpain and is shown to be
effective against different forms of cataract. It has an 1Csy of 80 nM against m-calpain, has a low
toxicity and is specific for cysteine proteases. Unfortunately it binds readily to other proteins and
suffers from problems of solubility and membrane permeability, so its bioavailability is remote.
To improve on these shortcomings, we derived a range of compounds from 1, among these
cyclic dipeptidomimetics 2! and a series of compounds with B amino acid subunits 3% The
synthesis of these compounds and their activity against calpain in in vitro tests are presented.
Docking studies were conducted using Glide (Schrodinger). The results of this theoretical work
are in good agreement with our analytical data. The modeling is a valuable tool in further design,
as no X-ray structure of calpain cocrystallized with an inhibitor exists.
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