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C. Research Support.

Ongoing Research Support

DaoD — W911NF-05-1-0456 08/01/2005 — 07/31/2008 (20%)
Two —photon processes in new derivatives of piperidone and cyclohexanones.
Role: Co-P.l.

Completed Research Support

NIH — 1P20 MD001104 10/01/2004 — 05/15/2007 (25%)

Design, synthesis and structure-activity relationships of compounds with potential
anticancer activities.

Role: Research professor

NIH - SCORE S06 GM 08066 01/01/2004 - 09/30/2004

Design, synthesis and structure-activity relationships of compounds with potential
bio- activities.

Role: Research professor

AFOSR F49620-01-1-0561 08/01/2003 -12/31/2003
Subcontractor from the University of Puerto Rico at Mayaguez

Synthesis of organic compounds with potential two-photon properties (prospective bio-photonic materials) and
investigation of their structure using different physical methods including X-ray analysis.

Role:; Co-P.L.

NASA IRA “Alliance for Nonlinear Optics” 01/01/1999 - 03/15/2003

Synthesis of organic compounds with potential nonlinear optical properties and investigation of their structures

using different physical methods including X-ray analysis.
Role: Co-P.l. since 2000-07/31/2003.
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DESCRIPTION: See instructions, State the application's broad, long-term objectives and specific alms, making reference to the health relatedness of
the project {i.e., relevance to the mission of the agency). Describe concisely the research design and methods for achieving these goals, Describe
the rationale and technigues you will use to pursue these goals.

In additlon, in two or three sentences, describe in plain, lay language the relevance of this research to public health. If the application is funded, this
description, s is, will bacome public Information. Thersfore, do not include proprietary/confidential information. DO NOT EXCEED THE SPACE
PROVIDED.

It has been shown that a,B-unsaturated malonic acid derivatives such as arylidenemalononitriles,
anylidenecyanothio(oxo)acetamides and their dimers are compounds that inhibit protein kinases (PK).
Protein kinases play an important role in cell growth. Increased PK activity is associated with the
development of cancer, leukemia and other proliferative diseases. It is well known that such compounds with
low molecular weight inhibit protein kinases (PK). In addition arylidenepiperidones and cyclohexanones,
their analogs and various heterocyclic compounds are also obtainable from the compounds described
above. We have synthesized several new compounds that have the potential possess anti-PK activity. They
have been tested in vitro at the National Cancer Institute (NCI) and one of them has passed the in vivo
Hollow Fiber Assay investigation. This compound was verified by the Developmental Therapeutics Program
(NCI designated it NSC-726031 and selected it for hollow-fiber 6-cell-line testing in mice). Our goal is to
design, synthesize and determine structure-activity relationships of several new compounds of the type
described above. A second compound (NSC 736774-Y) was also selected for future testing in an in vivo.
These compounds have also been referred to the Biological Evaluation Committee for Cancer Drugs
(BEC/C). This is an interdisciplinary committee with expertise in cancer drug discovery and development.
Thus, we propose to do additional research to synthesize several additional heterocyclic derivatives as
potential anticancer compounds. Our current efforts will include an ongoing literature review, synthesis of
selected compounds for our findings above and from the literature. We will then submit these new
compounds to the NCI cancer drug discovery and Developmental Therapeutic Program. We will investigate
through X-Ray structural analysis and other spectral methods all of the new compounds. We will build a
library of these compounds to help predict structure-activity relationships on the basis of results from NCI,
literature data and our structural information about these compounds. We will use all obtained results to
develop synthetic pathways for numerous small molecules and heterocyclic compounds based on a,B-
unsaturated malonic acid derivatives with anticancer activity.

Lay description: Protein kinases are enzymes critical to cell function. They are used at especially high rates
by cancer cells. Thus drugs that inhibit protein kinase can reduce or stop cancer cell growth. This Principal
Investigator, a synthetic chemist, makes new protein kinase inhibitors for testing by the National Cancer
Institute as potential anticancer drugs. His work is an example of how scientists from all fields collaborate in
the fight against cancer.

PERFORMAMNCE SITE(S) (organization, city, state)
New Mexico Highlands University, Department of Natural Sciences - Chemistry, Las Vegas, NM 87701
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During Spring 2008 semester, 1 am going to continue our work with Tanya Ruiz (she 1s
undergraduate student and minor in chemistry). We have already prepared some material and
cubmitted to a Journal that has been accepted for publication [1]. Tam going to invite to work with
me the other undergraduate and graduate students. | am planning to synthesize with them several
dozen heterocyclic compounds containing carbazole-substituted fragment that was in our active
compounds. All such compounds we will submit to NTH for selection and investigation their

properties as anti-cancer agents.

It is impossible to create new anticancer active materials/agents without knowing the correct
molecular structure of the compounds studied. This information allows us to understand relations
between the molecular structure and desirable properties of compounds. In turn, this knowledge
helps in the synthesis of new compounds with even better characteristics. Therefore, in our project
we will pay special atlention to molecular structure characterizations of the synthesized compounds
(we will intensively use NMR, IR, UV, GC/MS and others methods and equipment), especially

those which might be appropriate models for understanding structure-(anticancer) property relations.

The work on the Project will be related to the X-ray analysis of the synthesized compounds,
search for mew structure-property/activity relations, and application of new approaches in the
modemn X-ray diffraction method to study the electronic structure of the compounds of interest.
Today many labs are utilizing this technique to aid the discovery of small-molecule inhibitors and

have applied crystallography to fragment-based drug discovery.

1. Nesterov, V.N., Sarkisov, S.S., Curley, M.J., Urbas, A., Ruiz, T. 3,5-Bis[4-
(diethylamino)benzylidene]-1,1-dimethyl-4-oxopiperidinium iodide: a prospective
biophotonic material. Acta Cryst. 2007, E63, accepted.
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Synthesis and Analysis of Potential Anticancer Protein Kinase Blockers

Project to the NIH by Nesterov, Vladimir N. (Pl),

Research Professor at NMHU,

Department of Natural Sciences, NMHU, Las Vegas, NM, 87701-9000
NM. Tel: (505)454-3464, E-mail: vnesterov@nmhu.edu

A. Specific aims and goal

Inhibition of cancer cell growth and progression is one of the most important goals of modern
medicine. Despite encouraging progress in prevention and survival in the last decade, cancer
remains the second leading cause of death in the United States [1-4]. For cancer researchers, much
remains to be done.

Our goal is to synthesize and evaluate the biological activity of new a,B-unsaturated malonic
acid derivatives and investigate how the presence of different substituents or functional groups
influences their chemotherapeutic activity. It is well known that such compounds with low molecular
weight (Scheme 1) are potent inhibitors of protein tyrosine kinases (PTKs) and many other kinases
[5- 36a]. PTKs are a large family of enzymes which play a key role in cellular signal transduction
leading to proliferation and differentiation [5]. Enhanced PTK activity is correlated with proliferative
diseases such as cancers, leukemias, and psoriasis [6-36a]. According to literature data [36b], "the
active sites of 491 human protein kinase domains are highly conserved, which makes the design of
selective inhibitors a formidable challenge”. Thus, huge effort is required to identify compounds that
can selectively bind to one particular kinase out of the estimated 2000 highly homologous human
protein kinases [36¢c-e]. Indeed, a work in this pathway is very hard but extremely important for
human beings.

Scheme 1. General formulae of PTK inhibitors [6 —34,36a]:
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Objectives

Our specific objectives in pursuit of the above goal are to:

1. Design and develop synthetic methods for compounds belonging to the groups of a,B-unsaturated
malonic acid derivatives (arylidenemalononitriles, arylidenecyanothio{oxo)acetamides, their dimers
and derivatives), arylidenepiperidones and cyclohexanones, their analogs and different acyclic and
heterocyclic compounds from all of them, possessing strong bio-activities and selective cancer
cytotoxic activity. In our fragment-based drug discovery a major fragment in such compounds will be
3-(9-ethylcarbazole) that already gave us promising results as anticancer agent and prompted us to
explore further carbazole derivatives. Such compounds are relatively stable, soluble in appropriate
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solvents, have active hydrogen donor and acceptor groups and some of them will have chemically
active groups that can form covalent bonds with target fragment in proteins.

2. Fully characterize the molecular structure of these compounds.

3. As we have previously, send them to NCI for screening as potential anti-cancer agents by the
Developmental Therapeutics Program, Division of Cancer Treatment and Diagnosis.

4 Correlate structural and anticancer activity findings to direct future syntheses in our laboratory.
Merging the most active fragments in one or several molecules or link them.

Background and significance

For the last fifteen years, hundreds of small molecules (Scheme 1) and heterocyclic
derivatives from them (for instance, the cyano group was incorporated into a second ring, giving
isoquinoline and quinoline derivatives) were synthesized and tested as anticancer agents [6-36a].
Many such compounds have progressively increasing affinity <over a 2500-fold range> toward the
substrate site of epidermal growth factor receptor (EGFR) kinase domain [6]. EGFR is a family of
proteins involved in the proliferation of normal and malignant cells and a marker for several human
tumors: breast cancer, carcinoma of the neck and head, lung tumor, and glioma [34]. Such
compounds inhibited EGFR kinase activity up to three orders of magnitude more than they inhibited
insulin receptor kinase.

The first selective PTK inhibitors discovered were the benzylidenemalononitrile derivatives (I-
Ill, Scheme 1), tyrphostins (the name of this class of antiproliferative compounds which act as protein
tyrosine kinase blockers) which also block effectively EGFR [6,31,36a]. Moreover, they also
effectively inhibited EGFR-dependent autophosphorylation of the insulin receptor [6].

Some of these tyrphostins have shown efficacy in vivo as antileukemic agents. For example,
AG 490 (I, where Z is CONHCHPh) is a Jak-2 inhibitor potent against recurrent pre-B acute
lymphoblastic leukemia [11,20,22] and was also shown to effectively inhibit certain breast and
prostate cancer metastases [26]. AG 1517 (SU 5271) is a potent EGFR kinase inhibitor currently in
clinical trials for psoriasis [22]. SU 5416 is a potent kinase inhibitor of the vascular endothelial growth
factor receptor and is currently in clinica! trials as an anticancer agent by virtue of its strong anti-
angiogenic activity [22]. AG 213 (I, where Z is CSNH;) inhibits phosphorylation and phosphoinositide
turnover [26,36a). The selectivity and binding specificity of many PTKs render them non-toxic even in
high concentrations [26]. These are only a small part of the data demonstrating the chemotherapeutic
role of PTK inhibitors. Thus, it is critical to design, synthesize, and test new compounds that can bind
receptors and inhibit PTK and other PK activity.

Heterocyclic compounds (Scheme 2) obtained from small molecules (Scheme 1) frequently
possess even higher activity against PTKs and other kinases [17,18,22,24,26,31,34-40a,b]. This
group of inhibitors consists of: pyridines, pyrazolopyrimidines, pyridopyrimidines, purines,
quinazolines, quinaxolines and others derivatives (Scheme 2) [34-43].

Scheme 2. General formulae of heterocyclic PK inhibitors:
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Thus, 4-anilido- substituted quinazolines (VII) potently inhibit EGFR kinase [17]. From this
group of heterocyclic compounds, well known compounds include: STI 571/Gleevec/Glivec™
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(pyridopyrimidine derivatives, VI, Table 1), which became the first signal transduction inhibitor and
showed excellent efficacy in the clinic for early chronic myeloid leukemia (CML; approved in US as
inhibitor of BCR-AbI kinase) [35a,41-43]; Iressa'™ (derivatives from VII, Table 1) [31 .34,35a,b], which
was recently approved by the Federal Drug Administration (FDA) for treatment of lung cancer;
Tarceva' " (also from VI, Table 1), and PP1/PP2 (pyrazolopyrimidine derivatives, V, Table 1) are
potent Src family selective protein tyrosine kinase inhibitors [35a], an anti-EGFR agent (lung cancer)
and numerous others [31,34,35a].
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Table 1. Formulae of some compounds of the protein kinase inhibitors.

We will also synthesize many new related heterocyclic compounds, submit them to NCI for
screening, and investigate which substituent and functional groups produce maximal
chemotherapeutic bio-activity.

A final group of compounds of interest is arylidenepiperidone and cyclohexanone
chromophores (Scheme 3):

Scheme 3. General formulae of arylidenepiperidone/cyclohexanone chromophores:
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These compounds are also well known to have a cytotoxic effect, and are potential anticancer
agents [44-54a). The rational for further study of arylidenepiperidones centers on their effect against
human leukemia cell lines such as P388 and lymphoid leukemia cells (L1210), where they have
proven more cytotoxic than drugs currently in clinical use [44-54a]. We are planning to modify these
compounds, introduce more effective functional groups and using them to synthesize different
heterocyclic systems such as pyranopyridines that have already shown promising anticancer
activities [54b] and others derivatives.

C. Preliminary studies
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QOur team will continue to collaborate with other groups at NMHU (Drs. R. Martinez, M. Helvenston
and Sammeth) to perform molecular design, quantum calculations and molecular modeling. We have
already begun to work with Dr Martinez group and synthesized several heterocyclic compounds
containing one or two "*C atoms and the structure of the products was thoroughly investigated by X-
ray analysis and these results will be published soon (Scheme 4). In the future, we are planning to
introduce in all our active compounds such labels which can improve an analysis of metabolic
processes.

Scheme 4. Synthesis of compounds with one or two 3¢ atoms
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The PI of this project, has extensive experience in the field of design, synthesis, and structural and
optical characterization of small molecules like q,B-unsaturated malonic acid derivatives
(arylidenemalononitriles, arylidenecyanothio(oxo)acetamides, their dimers and derivatives; Scheme
1) arylidenepiperidones and cyclohexanones, their analogs (Scheme 3) and various heterocyclic
compounds from all of them (Scheme 2). As discussed in section B, the potential bicactivity of these
chemical groups against various cancers and proliferative diseases is high and warrants further
study. Our laboratory has synthesized more than 3000 compounds (most of them by Pl) and our main
findings have been published in peer-reviewed journals [55-94]. Substituting a broad range of
functional groups into the small organic molecule, we design and study has uncovered several
potential applications.

This work began in 1999 at New Mexico Highlands University, a participant in the NASA-
sponsored Alliance for Nonlinear Optics. From 2000 to 2003, Dr. Nesterov was co-P| of the project
and its lead organic synthetic chemist. Work initially centering on the search for efficient two-photon
absorbents for optical limiting led to the synthesis and characterization of many small organic
molecules, including arylidenemalononitriles, arylidenecyanothio(oxo)acetamides and their
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derivatives (Scheme 1), as well as arylidenepiperidones and cyclohexanones (Scheme 3). These
compounds have been thoroughly investigated as non-linear optical materials [95-112] and as two-
photon absorption and fluorescence compounds for potential phototherapeutic applications
[90,94,112].

Most important to this proposal, in 2003-06 our group submitted approximately 70 compounds
to the NCI Division of Cancer Treatment and Diagnosis/Developmental Therapeutics
Program/Biological Testing Branch. In late 2003, based on positive cell line screening resuits,
compound 1 [see Scheme 5, (a)], which NCI designated NSC-726031, was selected for hollow-fiber
B-cell-line testing in mice. In the hollow-fiber protocol, the efficacy of a compound, at two dosage
levels, is tested against six human tumor cell lines in vivo. The cells are grown in 1-mm-diameter
plastic fibers that are then implanted subcutaneously (SC) and intraperitoneally (IP) into mice.
Scoring, based on a compound's ability to reduce cancer cell mass by 50%, is calculated on a 48-
point scale, and compounds with a combined IP and SC score of 10 or greater are referred for further
study (i.e., human xenograft assay) [113]. Approximately 20% of submitted compounds show
sufficient anti-cancer activity in cell culture to be recommended for hollow fiber assay: of those, less
than 5% go on to xenograft testing [1 14a]. In late 2006 the other our compound (see Scheme 5, (b),
NSC-736774-Y and related to the AG 490) also was selected by the NCI biological evaluation
committee for performing hollow fiber 6-cell-line testing in mice and right now we are waiting results
from it.

L

(™
FN\_z : bﬂ/ FoN__z %{
QO Ok
o b

N

Scheme 5. Our active compounds: NSC-726031 (a) and NSC-736774-Y (b)

To date, approximately 1/2 (38 out of 70) of our submissions have been selected for bioactivity
screening. One has shown significant anticancer activity: NSC-726031 had a combined IP + SC score
of 4, and thus was not tested further [11 3]. We are, however encouraged by these preliminary results
and will continue our research that involves synthesis of compounds related to NSC-726031 and
NSC-736774-Y, including heterocyclic derivatives (Schemes 6), which we will submit to NCJ for
bioactivity testing.

Research design and methods
Problem 1: Design and synthesis of compounds as potential kinase inhibitors

We will synthesize dozen analogs of compound 1 belonging to the well characterized class of PTK
inhibitors [6-36a,b] depicted in Scheme 1, forming different heterocyclic derivatives (Scheme 6). This
work provides a familiar starting point, as we have previously synthesized compound 1 (Z = CSNH,),
its Z = CN analog, and its thiazole derivative, compound 4 (Y=8, Rz = Ph). They were thoroughly
investigated as potential non-linear optical materials [104]. They contain Ar’ [3-(9-ethylcarbazole) a
framework or core (ring systems and a few functional groups) and different substituents connected
with thio(oxo)amide groups, as an additional active side fragments. According to literature data [6-
36a,b,114b+i], such substituents or small fragments have been found in known drug molecules and
will play an important role in improving the anticancer activity of our compounds. Parallel to our major
work with carbazole derivatives, we also plan to make similar investigations with 3-indole fragment,

PHS 398/2590 {Rev. 09/04, Reissued 42008) Page Continuation Format Page



Principal Investigator/Program Director (Last, First, Middie):  Nesterov, Viadimir N.

as a core, that has already shown high potency as anticancer agent [115a-d] especially if it bears a
halogen atom or a small size ether group at 5 of the indole moiety [115d).

Screening of the compounds in NCI, will help us to find out which substituent will contribute more
to anticancer activity and shows us a way in which we should follow in our work with this type of
compounds. It is necessary to mention that such fragment-based methods of drug discovery are
useful in academia and industry, were successful in generating many new drugs with high potency,
and improved pharmacokinetic properties [115a]. We are planning to use our efficient fragment, as a
core, in most compounds that we will synthesize and make screening through NCI. Another word, we
want to develop libraries of fragments around the core and identify the most potent one. After that we
are planning to combine such potent fragments in one molecule.

From 1 and related compounds containing a carbazole core, we will synthesize acyclic, cyclic and
heterocyclic derivatives belonging to structural Scheme 1,2. Moreover, there are several publications
about carbazole derivatives which inhibit protein kinases [35a,115a,116a,b).

Scheme 6. General synthetic scheme for primary and secondary derivatives of compound 1:
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It is well known that the presence in molecules of such R3 and R4 substituents increases their bio-
activity [117-125a,b]. For instance, Gleevec™ (Table 1) contains a substituted piperazine fragment
[26,31,35a,43]; ZD-1839 (Zeneca) and PD-183805 (both are EGFR kinase inhibitors) contain a
morpholine substituent (Table 1) [35a].

Our purpose is fo synthesize and evaluate the biological activity of compounds with different
fragments and functional groups and find which substituents will maximize the inhibition of PTK and
other kinases.
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