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INTRODUCTION

This proposal is directed towards the development of new chemotherapeutic agents
based on the mechanism of action of Taxol™. The recent discovery of two other natural
products, epothilone and discodermolide, that operate by the same unique mechanism of
action as Taxol™, i.e., microtubule stabilization, provides a unique opportunity for a
collaborative approach using synthetic and computational studies for the elucidation of the
pharmacophore common to these structurally dissimilar substances. Such an advance could
lead to the development of a novel family of breast cancer chemotherapeutics.

BODY

Significant progress has been achieved in realizing the first three tasks in the
approved Statement of Work.

Task 1. The synthesis of both left- and right-hand halves 3 of epothilone 1 has been
achieved (previous report). Since the last report, we have prepared new "right-hand"
analogs 4-6 that differ from the previously described epothilone analog 3 in two important
respects: 1) the presence of the conformationally restricting alkene in the ten-membered
rings of 4 and §; and 2) the presence of side-chains in 5 and 6 that are intended to more
closely mimic the hydrophobicity of the natural product epothilone 1 (Scheme 1; see
Appendix).

The synthesis of the novel analogs 4-6 is outlined in Scheme 2. First, selective
deprotection of the primary TBS ether in the presence of the two secondary TBS ethers in
7 was accomplished using PPTS in methylene chloride and methanol to give alcohol 8.
Substrate 8 was then subjected to hydrogenation conditions; treatment of 8 with four
atmospheres of hydrogen and platinum oxide for 36 hours was required for the
hydrogenation of this olefin. This provided cyclodecane 9 in quantitative yield. The
primary alcohol was then oxidized in one step using Jones reagent to provide acid 10 in
62% yield. This acid was then coupled to the known alcohol 11 using DCC and DMAP in
methylene chloride to provide ester 12 in 77% yield. This di-TBS ether was fully
deprotected using TFA in methylene chloride to provide the desired ten-membered ring
eastern hemisphere analog 3. We also prepared analog 6 from acid 10 by first coupling to
known alcohol 13 followed by silyl ether deprotection. This analog was prepared for the
purpose of more closely imitating the natural product. Analog 6 contained three more
carbons than analog 3, giving it the same molecular formula as desoxyepothilone A. Analog
6 also possessed the natural stereochemistry at C15. We speculated, then, that since 6
should closely mimic epothilone in terms of its hydrophobicity, solubility could be ruled out
as a factor for concern in the biological evaluation of these analogs.

Since the olefin metathesis reaction had cleanly produced only one olefin isomer, we
were afforded simple means of preparing two additional eastern hemisphere analogs, as in
Scheme 2. When tri-TBS ether 7 was subjected directly to Jones reagent, the primary TBS
ether was deprotected and the resulting primary alcohol subsequently oxidized to provide
B,y—unsaturated acid 18 in good overall yield. It should be noted that alternative means of
oxidizing the primary alcohol produced mixtures of 18 with its a,-unsaturated isomer.
Acid 18 could then be coupled to alcohol 11 and alcohol 13 to provide analogs 5 and 6,
respectively, after deprotection of the TBS ethers.
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We have effected intensive study of the differences between these new compounds
and the natural product 1 by both X-ray crystallographic analysis and NMR spectroscopy.

Task 2. In our developmental efforts thus far, we explored the use of an interface between
hydrophobic and hydrophilic regions of a molecular dynamics simulation system as an
deformable "receptor” for molecules of interest. This receptor was designed to respond to
the presence of a test drug by adopting a shape that was complementary and energetically
favorable for binding of the drug. By presenting the same shape simultaneously to two or
more drugs, we effectively searched the conformational space of this interface for a
conformation that was most complementary to both drugs. The conformation of the drugs
that simultaneously bound to this common interface would, in turn, constitute the
hypothetical active or bound conformation of the drug. The principal determinants of the
drug that mediated its contact with the interface would constitute the hypothetical active
pharmacophore of the two drugs.

A fully functional version of program to implement this strategy was developed, but
it proved to be too computationally intensive for practical use. Projections based on our
initial calculations indicated that an impractical amount of computer power would be
required to even run test cases. For this reason, we have now changed our strategy to
eliminate the need for large numbers of hydrophobic and hydrophilic particles. In our new
approach, the fast "RigFit" algorithm (1) is used to evaluate the similarity of two or more
molecules that are independently exploring their own conformational space by means of
molecular dynamics simulation. The RigFit similarity function substitutes for the
deformable interface of our original approach, making it necessary to search only the
conformational space of the test compounds. Conservatively, this should accelerate the
search for a common pharmacophore in two compounds by several orders of magnitude
because the interface comprised over 80% of the particles in our first system, and the size
of the computational task roughly scales with the square of the number of particles.

Task 3. Analogs 3,4, 5 and 6 were sent to Dr. Susan Horwitz at the Department of
Molecular Pharmacology at the Albert Einstein College of Medicine for biological testing.
None of these compounds displayed activity in tubulin turbidity measurement experiments
or in tubulin depolymerization experiments.

Relevance to the Original Hypothesis: The lack of biological activity in the new analogs that
we have prepared indicates that the partial epothilone structures designed to date do not
contain enough of the functionality of the natural product for biological activity. These new
compounds rule out the role of hydrophobicity per se in the observed lack of biological
activity. The remainder of our synthetic efforts will therefore be devoted to the construction
of the conformationally restricted macrocycle 2 (Scheme 1).

KEY RESEARCH ACCOMPLISHMENTS:

* New analogs of the potent antitumor substance epothilone have been prepared and
the role of hydrophobicity has been elucidated

& A new approach to the establishment of a common pharmacophore for structurally
dissimilar substances using RigFit is being evaluated

x Biological evaluation of these new compounds (cytotoxicity and tubulin
polymerization) indicates that they are NOT biologically active.
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REPORTABLE OUTCOMES:

A publication is now in preparation describing the molecular modeling approach to
the design and synthesis of novel epothilone analogs;

This work was presented at the Warner Lambert Lectures at Michigan State
University and at the 2000 Gordon Research Conference on Heterocyclic
Chemistry;

Training has been provided on this project to Ms. Erin Mattingly, who has taken a
position as a MS chemist at Merck and Co.

CONCLUSIONS

We have established that the originally proposed partial structures of epothilone are
not sufficient for the biological activity of the natural product. Modification of these
structures to enhance hydrophobicity has not led to increased biological activity, in spite of
the congruence of these partial structures with epothilone as determined by X-ray
crystallographic and NMR analysis. The final synthetic goal of this project is to prepare the
more complex analog 2, which more closely resembles the natural product.

The preparation of conformationally restricted analogs with biological activity would
represent an important advance that could be used for the refinement of the requisite SAR
for the pharmacophore model. As stated previously, the development of such a model

would provide the basis for the development of a new family of breast cancer
chemotherapeutic agents.

REFERENCES

C. Lemmen, C. Hiller, T. Lengauer, "RigFit: A New Approach to Superimposing Ligand
Molecules." J.Comp.Aid.Mol.Des. 1998, 12,491-502.

APPENDICES

Schemes 1 and 2, as well as a CV for the PI.
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