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THERAPEUTIC AGENTS, AND METHODS OF MAKING
AND USING THE SAME

. Introduction

Infections caused by or related to bactena are a major cause of human iliness
worldwide, and the frequency of resistance to standard antibiotics has nsen dramatically
over the last decade. Hence, there exists an unmet medical need and demand for new
agents acting against bactenal targets.

Examples of potential bactenal targets are those enzymes involved 1n fatty acid
biosynthesis. While the overall pathway of saturated fatty acid biosynthesis is similar in all
organisms, the fatty acid synthase (FAS) systems vary considerably with respect to their
structural organization. It is believed that vertebrates and yeast possess a FAS in which all
the enzymatic activities are encoded on one or two polypeptide chains, respectively, and the
acyl carrier protein (ACP) is an integral part of the complex. In contrast, i bacterial FAS,
it is known that each of the reactions is catalyzed by a distinct, mono-functional enzyme
and the ACP is a discrete protein. Therefore, it may be possible to achieve selective
inhibition of the bacterial system by appropriate agents.

One such potential bacterial target is the Fabl protein. Fabl (previously designated
EnvM) is believed to function as an enoyl-ACP reductase in the final step of the four

reactions involved in each cycle of bacterial fatty acid biosynthesis. It is believed that in

this pathway, the first step is catalyzed by B-ketoacyl-ACP synthase, which condenses

malonyl-ACP with acetyl-CoA (FabH, synthase III). It1s believed that in subsequent
rounds, malonyl-ACP is condensed with the growing-chain acyl-ACP (FabB and FabF,

synthases I and II, respectively). The second step in the elongation cycle 1s thought to be
ketoester reduction by NADPH-dependent B-ketoacyl-ACP reductase (FabG). Subsequent
dehydration by B-hydroxyacyl-ACP dehydrase (either FabA or FabZ) leads to trans-2-
enoyl-ACP. Finally, in step four, trans-2-enoyl-ACP 1s converted to acyl-ACP by an
NADH (or NADPH)-dependent enoyl-ACP reductase (Fab I). Further rounds of this cycle,
adding two carbon atoms per cycle, would eventually lead to palmitoyl-ACP (16(), where
upon the cycle is stopped largely due to feedback inhibition of Fab I by palmitoyl-ACP.

.1 -



10

15

20

25

30

CA 02568914 2006-12-01

Atty Docket: IPT-076.25

Thus, Fab I is believed to be a major biosynthetic enzyme and is a key regulatory point in
the overall synthetic pathway of bacterial fatty acid biosynthesis.

In some bacteria the final step of fatty acid biosynthesis is catalyzed by Fab I only,
in others by FabK, an NADH and FMN dependent reductase, still others utilize both Fabl
and FabK. The present invention provides, in part, compounds and compositions with Fab]
inhibiting properties.

Summary of Invention

In part, the present invention is directed towards compounds with Fabl inhibiting

properties as well as other enzymes. Other uses for the subject compounds and

compositions will be readily discernable to those of skill 1n the art.

In part, the present invention is directed towards compounds that will affect multiple
species, so-called “wide spectrum” anti-bacterials. Alternatively, subject compounds that
are selective for one or more bactenal or other non-mammahan species, and not for one or
more mammalian species (especially human), may be identified.

In part, the present invention 1s directed towards pharmaceutical compositions
comprisin.g a compound with Fabl inhibiting properties.

The subject compositions may be administered by one of a variety of means known
to those of skill in the art. The subject compounds may be prepared as described herein and
as known to those of skill in the art.

Whole-cell antimicrobial activity for the antibacterial compositions of the present
invention may be determined by broth microdilution using the National Committee for
Clinical Laboratory Standards (NCCLS) recommended procedure, Document M7-AS,
“Methods for Dilution Susceptibility Tests for Bactena that Grow Aerobically”. The
compositions of the present invention may be tested, for example, in senal two-fold
dilutions ranging from 0.06 to 32 mcg/mL. A panel of up to 12 or more bactenal strains
may be evaluated in the assay. A panel may consist of, for example, the following

laboratory strains: Enterococcus faecalis 29212, Staphylococcus aureus 29213, Staphylococcus

aureus 43300, Moraxella catarrhalis 49143, Haemophilus influenzae 49247, Streptococcus
pneumoniae 49619, Staphylococcus epidermidis 1024939, Staphylococcus epidermidis 1024961,
Escherichia coli AG100 (AcrAB"), Escherichia coli AG100A (AcrAB’),, Pseudomonas aeruginosa

K767 (MexAB’, OprM®), Pseudomonas aeruginosa K1119 (MexAB’, OprM’). The minimum

inhibitory concentration (MIC) may then be determined as the lowest concentration of the

subject composition that inhibited visible growth. A spectrophotometer may be used to

assist in determining the MIC endpoint.
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Non-limiting examples of bacteria that the antibacterial compounds or compositions
of the present invention may be used to either destroy or inhibit the growth of include a
member of the genus Streptococcus, Staphylococcus, Bordetella, Corynebacterium,
Mpycobacterium, Neisseria, Haemophilus, Actinomycetes, Streptomycetes, Nocardia,

5  Enterobacter, Yersinia, Francisella, Pasturella, Moraxella, Acinetobacter, Erysipelothrix,
Branhamella, Actinobacillus, Streptobacillus, Listeria, Calymmatobacterium, Brucella,
Bacillus, Clostridium, Treponema, Escherichia, Salmonella, Kleibsiella, Vibrio, Proteus,
Erwinia, Borrelia, Leptospira, Spirillum, Campylobacter, Shigella, Legionella,
Pseudomonas, Aeromonas, Rickettsia, Chlamydia, Borrelia, Propionibacterium acnes, and

10  Mycoplasma, and further including, but not limited to, a member of the species or group,
Group A Streptococcus, Group B Streptococcus, Group C Streptococcus, Group D
Streptococcus, Group G Streptococcus, Streptococcus pneumoniae, Streptococcus
pyogenes, Streptococcus agalactiae, Streptococcus faecalis, Streptococcus faecium,
Streptococcus durans, Neisseria gonorrheae, Neisseria meningitidis, coagulase negative

15 Staphylococci, Staphylococcus aureus, Staphylococcus epidermidis, Corynebacterium
diptheriae, Gardnerella vaginalis, Mycobacterium tuberculosis, Mycobacterium bovis,
Mycobacterium ulcerans, Mycobacterium leprae, Actinomyctes israelii, Listeria
monocytogenes, Bordetella pertusis, Bordatella parapertusis, Bordetella bronchiseptica,
Escherichia coli, Shigella dysenteriae, Haemophilus influenzae, Haemophilus aegyptius,

20  Haemophilus parainfluenzae, Haemophilus ducreyi, Bordetella, Salmonella typhi,
Citrobacter freundii, Proteus mirabilis, Proteus vulgaris, Yersinia pestis, Kleibsiella
pneumoniae, Serratia marcessens, Serratia liquefaciens, Vibrio cholera, Shigella
dysenterii, Shigella flexneri, Pseudomonas aeruginosa, Franscisella tularensis, Brucella
abortis, Bacillus anthracis, Bacillus cereus, Clostridium perfringens, Clostridium tetan;,

25  Clostridium botulinum, Treponema pallidum, Rickettsia rickettsii, Helicobacter pylori or

Chlamydia trachomitis.

In another aspect, the subject compounds or compositions may be used to treat

bacteral infections.

In certain embodiments, the present invention provides antibacterial compositions of
30 the present invention, and methods of using the same, for the reduction and abatement of at
least one of the bacteria caused disorders or conditions based on a therapeutic regimen. In
certain aspects, the present invention contemplates monitoring such disorders or conditions

as part of any therapeutic regimen, which may be administered over the short-term and/or
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long-term. These aspects of the invention may be particularly helpful 1n preventive care
regimes.

In another aspect of the present invention, the antibacterial compounds or
compositions of the present invention may be used in the manufacture of a medicament to
treat any of the foregoing bacteria related conditions or diseases. In certain embodiments,
the present invention is directed to a method for formulating compounds of the present
invention in a pharmaceutically acceptable carrier or excipient.

In part, the present invention also relates to inhibitors and compositions comprising
inhibitors of enzymes similar to Fabl either structurally or functionally, such as, for
example, FabK which is also believed to play a role 1n bactenal fatty acid synthesis.

In another aspect of the present invention, the antibacterial compounds of the
present invention may be used to disinfect an inanimate surface by administering the
antibacterial compound to the inanimate surface.

For continuous intravenous infusion, e.g., drip or push, the antibacterial agent can
be provided in a sterile dilute solution or suspension (collectively hereinafter “1.v. injectable
solution”). The 1.v. injectable solution may be formulated such that the amount of
antibacterial agent (or antibacterial agents) provided 1n a 1L solution would provide a dose,
if administered over 15 minutes or less, of at least the median effective dose, or less than
100 times the EDs, or less than 10 or 5 times the EDsy. The 1.v. injectable solution may be
formulated such that the total amount of antibacterial agent (or antibactenal agents)
provided in 1L solution administered over 60, 90, 120 or 240 minutes would provide an
EDs dose to a patient, or less than 100 times the EDsy, or less than 10 or 5 times the EDsy.
In other embodiments, a single i.v. “bag” provides about 0.25 mg to 5000 mg of
antibacterial agent per liter 1.v. solution, or 0.25 mg to 2500 mg, or 0.25 mg to 1250 mg.

In another embodiment of the invention it will be desirable to include monitoring or
diagnostic regimes or kits with subject antibacterial compounds or methods based on Fabl
inhibitors described herein, and instructions for use of these compositions or methods.

In another aspect, the present invention also provides for kits containing at least one
dose of a subject composition, and ofien many doses, and other matenals for a treatment

regimen. For example, in one embodiment, a kit of the present invention contains sufficient
subject composition for from five to thirty days and optionally equipment and supplies
necessary to measure one or more indices relevant to the treatment regiment. In another

embodiment, kits of the present invention contain all the materials and supplies, including
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subject compositions, for carrying out any methods of the present invention. In still another
embodiment, kits of the present invention, as described above, additionally include
instructions for the use and administration of the subject compositions.

The dosage may be selected to modulate metabolism of the bacteria in such a way as to
1inhibit or stop growth of said bacteria or by killing said bacternia. The skilled artisan may
identify this amount as provided herein as well as by using other methods known in the art.

As explained herein in greater detail, the invention will readily enable the design
and implementation of trials in warm-blooded animals, including humans and mammals,

necessary for easily determining or tailoring the form and dose for any composition of the

present invention.

These embodiments of the present invention, other embodiments, and their features
and characteristics, will be apparent from the description, drawings and claims that follow.
Brief Description of Drawings
Figure 1 depicts the bacterial fatty acid biosynthesis cycle via a Type I or

dissociated fatty acid synthase system.
Figure 2 depicts a simplified view of ene-amide core flanked by LHS (left-hand

side) and RHS (right-hand side) moieties.
Figures 3a-e depict non limiting examples of the compounds of the present

invention.

Detailed Description of Invention

Introduction
The present invention is directed in part towards novel compositions that inhibit

bacterial enzymes, and methods of making and using the same. In certain aspects,
inhibitors and other compounds of the invention may be found by a structure-guided
medicinal chemistry effort.

Bacterial fatty acid biosynthesis is believed to proceed via a Type II or dissociated
fatty acid synthase system, in contrast to the mammalian Type I system. The overall
process is believed to proceed in two stages — initiation and cyclical elongation. Enoyl-

ACP reductase 1s part of the elongation cycle, in which malonyl-ACP is condensed with a
growing acyl chain by b-ketoacyl-ACP synthase (FabB, FabF, FabH). The -ketoester is
reduced by B-ketoacyl-ACP reductase, which 1s then dehydrated to the trans-unsaturated
acyl-ACP. The trans-unsaturated acyl-ACP 1s then reduced by enoyl-ACP reductase. (See

Figure 1).
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The enoyl-ACP reductase step is believed to be accomplished by Fabl in E. coli and
other gram negative organisms and Staphylococci. In certain gram-positive organisms,
Fabl paralogs exist. In Streptococcus pneumoniae, the enzymatic step is believed to be
accomplished by the FabK protein, which has himited homology with the S. aureus Fabl
protein, In B. subtilis and £. faecalis, genes encoding both Fabl and FabK exist. In
Mycobacterium tuberculosis a Fabl paralog termed InhA exists.

Enoyl-ACP reductase 1s believed to be the enzymatic target of the antimicrobial
product triclosan.

In certain embodiments, the design of new analogs having Fabl inhibiting properties
1s based on viewing the analogs as consisting of a central acrylamide flanked by two
relatively hydrophobic groups, conveniently denoted as lefi-hand side (LHS) and right-hand
side (RHS) as put forth in PCT Publication No. WO 2004/052890. Schematically
this is depicted in Figure 2, where a dumbbell like structure provides one way of viewing
certain of the subject compositions (the central bond disconnections that is envisioned in a
retrosynthetic sense are shown with dashed lines).

Defutions

For convenience, before further description of the present invention, certain terms
employed in the specification, examples and appended claims are collected here. These
definitions should be read in light of the remainder of the disclosure and understood as by a
person of skill in the art. Unless defined otherwise, all technical and scientific terms used

herein have the same meaning as commonly understood by a person of ordinary skill in the

art.
The articles “a” and “an” are used herein to refer to one or to more than one (i.€., to

at least one) of the grammatical object of the article. By way of example, “an element”

means one clement or more than one element.

The terms “comprise” and “comprising” are used 1n the inclusive, open sense,

meaning that additional elements may be mncluded.

The term “including” is used to mean “including but not hmited to”. “Including”

and “including but not limited to” are used interchangeably.

The term “Fabl” is art-recognized and refers to the bactenal enzyme believed to
function as an enoyl-acyl carrier protein (ACP) reductase in the final step of the four
reactions involved in each cycle of bacterial fatty acid biosynthesis. This enzyme 1s

believed to be widely distributed in bactena and plants.
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The term “enzyme 1nhibitor” refers to any compound that prevents an enzyme from
effectively carrying out its respective biochemical roles. Therefore a “Fabl inhibitor” is any
compound that inhibits Fabl from carrying out 1ts biochemical role. The amount of
inhibition of the enzyme by any such compound will vary and is described herein and
clsewhere.

The term “antibiotic agent” shall mean any drug that 1s useful in treating,
preventing, or otherwise reducing the severity of any bacterial disorder, or any
complications thereof, including any of the conditions, disease, or complications arising
therefrom and/or described herein. Antibiotic agents include, for example, cephalosporins,
quinolones and fluoroquinolones, penicillins, penicillins and beta lactamase inhibitors,
carbepenems, monobactams, macrolides and lincosamines, glycopeptides, rifampin,
oxazolidonones, tetracyclines, aminoglycosides, streptogramins, sulfonamides, and the like.
Other general categories of antibiotic agents which may be part of a subject composition
include those agents known to those of skill 1n the art as antibiotics and that qualify as (with
defined terms being 1n quotation marks): “drug articles” recognized 1n the official United
States Pharmacopoeia or official National Formulary (or any supplement thereto); “new
drug” and “new animal drug” approved by the FDA of the U.S. as those terms are used in
Title 21 of the United States Code; any drug that requires approval of a government entity,
in the U.S. or abroad (“approved drug”); any drug that it 1s necessary to obtain regulatory
approval so as to comply with 21 U.S.C. §355(a) (“regulatory approved drug”); any agent
that 1s or was subject to a human drug application under 21 U.S.C. §379(g) (“human drug”).

(All references to statutory code for this defimtion refer to such code as of the original
filing date of this provisional application.) Other &ntibiotic agents are disclosed herein, and
are known to those of skill in the art. In certain embodiments, the term “antibiotic agent”
does not include an agent that 1s a Fabl inhibitor, so that the combinations of the present
invention in certain instances will include one agent that 1s a Fabl inhibitor and another
agent that 1s not.

The term “synergistic” is art recognized and refers to two or more components
working together so that the total effect 1s greater than the sum of the effect of the

components.

The term “illness™ as used herein refers to any 1llness caused by or related to

infection by an organism.
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The term “bacterial illness” as used herein refers to any illness caused by or related
to infection by bactena.

The term “polynucleotide(s)” is art recogmzed and refers to any polyribonucleotide
or polydeoxyribonucleotide, that may be unmodified RNA or DNA or modified RNA or
DNA. “Polynucleotide(s)” include, without limitation, single- and double-stranded DNA,
DNA that is a mixture of single- and double-stranded regions or single-, double- and triple-
stranded regions, single- and double-stranded RNA, and RNA that 1s mixture of single- and
double-stranded regions, hybrid molecules comprising DNA and RNA that may be single-
stranded or, more typically, double-stranded, or triple-stranded regions, or a mixture of
single- and double-stranded regions. In addition, “polynucleotide” as used herein refers to
triple-stranded regions comprising RNA or DNA or both RNA and DNA. The strands in
such regions may be from the same molecule or from different molecules. The regions may
include all of one or more of the molecules, but more typically involve only a region of
some of the molecules. One of the molecules of a triple-helical region often is an
oligonucleotide. As used herein, the term “polynucleotide(s)” also includes DNAs or
RNA s as described above that comprise one or more modified bases. Thus, DNASs or
RNAs with backbones modified for stability or for other reasons are “polynucleotide(s)” as
that term is intended herein. Moreover, DNAs or RNAs comprising unusual bases, such as
inosine, or modified bases, such as tritylated bases, to name just two examples, are
polynucleotides as the term is used herein. It will be appreciated that a great variety of
modifications have been made to DNA and RNA that serve many useful purposes known to
those of skill in the art. The term “polynucleotide(s)” as 1t 1s employed herein embraces
such chemically, enzymatically or metabolically modified forms of polynucleotides, as well
as the chemical forms of DNA and RNA characteristic of viruses and cells, including, for
example, simple and complex cells. “Polynucleotide(s)” also embraces short

polynucleotides often referred to as oligonucleotide(s).

The term “polypeptide(s)” is art recognized and refers to any peptide or protein
comprising two or more amino acids joined to each other by peptide bonds or modified
peptide bonds. “Polypeptide(s)” refers to both short chains, commonly referred to as
peptides, oligopeptides and oligomers and to longer chains generally referred to as proteins.
Polypeptides may comprise amino acids other than the 20 gene encoded amino acids.
“Polypeptide(s)” include those modified either by natural processes, such as processing and

other post-translational modifications, but also by chemical modification techniques. Such



10

15

20

25

30

CA 02568914 2006-12-01

Atty Docket: IPT-076.25

modifications are well described in basic texts and in more detailed monographs, as well as
in a voluminous research literature, and they are well known to those of skill in the art. It
will be appreciated that the same type of modification may be present in the same or
varying degree at several sites in a given polypeptide. Also, a given polypeptide may
comprise many types of modifications. Modifications can occur anywhere in a polypeptide,
including the peptide backbone, the amino acid side-chains, and the amino or carboxyl
termini. Modifications include, for example, acetylation, acylation, ADP-ribosylation,
amidation, covalent attachment of flavin, covalent attachment of a heme moiety, covalent
attachment of a nucleotide or nucleotide derivative, covalent attachment of a lipid or lipid
derivative, covalent attachment of phosphotidylinositol, cross-linking, cyclization, disulfide
bond formation, demethylation, formation of covalent cross-links, formation of cysteine,
formation of pyroglutamate, formylation, gamma-carboxylation, GPI anchor formation,
hydroxylation, iodination, methylation, mynstoylation, oxidation, proteolytic processing,
phosphorylation, prenylation, racemization, glycosylation, lipid attachment, sulfation,
gamma-carboxylation of glutamic acid residues, hydroxylation and ADP-ribosylation,
selenoylation, sulfation, transfer-RNA mediated addition of amino acids to proteins, such as

arginylation, and ubiquitination. See, for instance, PROTEINS - STRUCTURE AND

MOLECULAR PROPERTIES, 2™ Ed., T. E. Creighton, W. H. Freeman and Company, New
York (1993) and Wold, F., Posttranslational Protein Modifications: Perspectives and
Prospects, pgs. 1-12 in POSTTRANSLATIONAL COVALENT MODIFICATION OF
PROTEINS, B. C. Johnson, Ed., Academic Press, New York (1983); Seifter et al., Meth.
Enzymol. 182:626-646 (1990) and Rattan et al., Protein Synthesis: Posttranslational

Modifications and Aging, Ann. N.Y. Acad. Sc1. 663: 48-62 (1992). Polypeptides may be
branched or cyclic, with or without branching. Cyclic, branched and branched circular

polypeptides may result from post-translational natural processes and may be made by

entirely synthetic methods, as well.

The term “cis’ 1s art-recognized and refers to the arrangement of two atoms or
groups around a double bond such that the atoms or groups are on the same side of the
double bond. Cis configurations are often labeled as (Z) configurations.

The term “trans” is art-recognized and refers to the arrangement of two atoms or

groups around a double bond such that the atoms or groups are on the opposite sides of a

double bond. Trans configurations are often labeled as (E) configurations.
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The term “covalent bond” is art-recognized and refers to a bond between two atoms
where electrons are attracted electrostatically to both nucler of the two atoms, and the net
effect of increased electron density between the nuclei counterbalances the internuclear
repulsion. The term covalent bond includes coordinate bonds when the bond 1s with a
metal 1on.

The term “therapeutic agent” is art-recognized and refers to any chemical moiety
that is a biologically, physiologically, or pharmacologically active substance that acts
locally or systemically in a subject. Examples of therapeutic agents, also referred to as
“drugs”, are described in well-known literature references such as the Merck Index, the
Physicians Desk Reference, and The Pharmacological Basis of Therapeutics, and they
include, without limitation, medicaments; vitamins; mineral supplements; substances used
for the treatment, prevention, diagnosis, cure or mitigation of a disease or 1llness;
substances which affect the structure or function of the body; or pro-drugs, which become

biologically active or more active after they have been placed 1n a physiological
environment. Antibiotic agents and Fab I/Fab K 1nhibitors are examples of therapeutic
agents.

The term “therapeutic effect” is art-recognized and refers to a local or systemic
effect in animals, particularly mammals, and more particularly humans caused by a
pharmacologically active substance. The term thus means any substance intended for use in
the diagnosis, cure, mitigation, treatment or prevention of disease or in the enhancement of
desirable physical or mental development and/or conditions in an amimal or human. The
phrase “therapeutically-effective amount” means that amount of such a substance that
produces some desired local or systemic effect at a reasonable benefit/risk ratio applicable
to any treatment. The therapeutically effective amount of such substance will vary
depending upon the subject and disease condition being treated, the weight and age of the
subject, the severity of the disease condition, the manner of administration and the like,
which can readily be determined by one of ordinary skill in the art. For example, certain
compositions of the present invention may be administered in a sufficient amount to
produce a at a reasonable benefit/risk ratio applicable to such treatment.

The terms “combinatorial library” or “library” are art-recognized and refer to a
plurality of compounds, which may be termed “members,” synthesized or otherwise
prepared from one or more starting materials by employing either the same or different

reactants or reaction conditions at each reaction in the library. There are a number of other

-10 -
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terms of relevance to combinatorial libraries (as well as other technologies). The term
“identifier tag” is art-recognized and refers to a means for recording a step in a series of
reactions used in the synthesis of a chemical library. The term “immobilized” is art-
recognized and, when used with respect to a species, refers to a condition in which the
species is attached to a surface with an attractive force stronger than attractive forces that
are present in the intended environment of use of the surface, and that act on the species.
The term “solid support” is art-recognized and refers to a matertal which is an insoluble
matrix, and may (optionally) have a rnigid or semi-nigid surface. The term “linker” is art-
recognized and refers to a molecule or group of molecules connecting a support, including a
solid support or polymeric support, and a combinatorial ltbrary member. The term
“polymeric support” is art-recognized and refers to a soluble or insoluble polymer to which
a chemical moiety can be covalently bonded by reaction with a functional group of the
polymeric support. The term “functional group of a polymeric support” is art-recognized

and refers to a chemical moiety of a polymeric support that can react with an chemical

moiety to form a polymer-supported amino ester.

The term “synthetic” is art-recognized and refers to production by in vitro chemical

or enzymatic synthesis.

The term “meso compound” 1s art-recognized and refers to a chemical compound

which has at least two chiral centers but is achiral due to a plane or point of symmetry.

The term ““chiral” is art-recognized and refers to molecules which have the property
of non-superimposability of the mirror image partner, while the term “achiral” refers to
molecules which are superimposable on their mirror image partner. A “prochiral molecule”

is a molecule which has the potential to be converted to a chiral molecule 1n a particular

process.

The term “stereoisomers’ 1s art-recognized and refers to compounds which have
identical chemical constitution, but differ with regard to the arrangement of the atoms or
groups in space. In particular, “enantiomers™ refer to two stereoisomers of a compound
which are non-superimposable mirror images of one another. “Diastereomers”, on the other
hand, refers to stereoisomers with two or more centers of dissymmetry and whose
molecules are not mirror images of one another.

Furthermore, a “stereoselective process” 1s one which produces a particular

stereoisomer of a reaction product in preference to other possible stereoisomers of that

-11 -
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product. An “enantioselective process’” is one which favors production of one of the two

possible enantiomers of a reaction product.

The term “regioisomers” is art-recognized and refers to compounds which have the
same molecular formula but differ in the connectivity of the atoms. Accordingly, a
“regloselective process’ 1s one which favors the production of a particular regioisomer over
others, e.g., the reaction produces a statistically significant increase in the yield of a certain
regio1Somer.

The term “epimers’ 1s art-recognized and refers to molecules with identical
chemical constitution and containing more than one stereocenter, but which differ in

configuration at only one of these stereocenters.

The term “EDso” 1s art-recognized. In certain embodiments, EDsy means the dose of
a drug which produces 50% of 1its maximum response or effect, or alternatively, the dose
which produces a pre-determined response 1n 50% of test subjects or preparations. The term
“LDsg” is art-recognized. In certain embodiments, LDsy means the dose of a drug which is
lethal 1n 50% of test subjects. The term “‘therapeutic index” is an art-recognized term which
refers to the therapeutic index of a drug, defined as LDs¢/EDs.

The term “K;” 1s art-recognized and refers to the dissociation constant of the
enzyme-inhibitor complex.

The term “‘antimicrobial” 1s art-recognized and refers to the ability of the

compounds of the present invention to prevent, inhibit or destroy the growth of microbes

such as bacteria, fungi, protozoa and viruses.

The term “antibactenial” is art-recognized and refers to the ability of the compounds

of the present invention to prevent, inhibit or destroy the growth of microbes of bactena.
The term “microbe” is art-recognized and refers to a microscopic organism. In

certain embodiments the term microbe is applied to bacteria. In other embodiments the

term refers to pathogenic forms of a microscopic organism.

The term “prodrug” 1s art-recognized and 1s intended to encompass compounds
which, under physiological conditions, are converted into the antibacterial agents of the
present invention. A common method for making a prodrug 1s to select moieties which are
hydrolyzed under physiological conditions to provide the desired compound. In other

embodiments, the prodrug 1s converted by an enzymatic activity of the host animal or the

target bacteria.
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The term “structure-activity relationship” or “(SAR)” 1s art-recognized and refers to
the way in which altering the molecular structure of a drug or other compound alters its
interaction with a receptor, enzyme, nucleic acid or other target and the like.

The term “aliphatic” 1s art-recognized and refers to a hnear, branched, cyclic alkane,
alkene, or alkyne. In certain embodiments, aliphatic groups in the present invention are
linear or branched and have from 1 to about 20 carbon atoms.

The term “alkyl” 1s art-recognized, and includes saturated aliphatic groups,
including straight-chain alkyl groups, branched-chain alkyl groups, cycloalkyl (alicyclic)
groups, alkyl substituted cycloalkyl groups, and cycloalkyl substituted alkyl groups. In
certain embodiments, a straight chain or branched chain alkyl has about 30 or fewer carbon
atoms 1n i1ts backbone (e.g., C-Csq for straight chain, C;-Cs¢ for branched chain), and
alternatively, about 20 or fewer. Likewise, cycloalkyls have from about 3 to about 10
carbon atoms 1n their ring structure, and alternatively about 5, 6 or 7 carbons in the ring
structure. The term “‘alkyl” 1s also defined to include halosubstituted alkyls.

Moreover, the term “alkyl” (or “lower alkyl”) includes “substituted alkyls”, which
refers to alkyl moieties having substituents replacing a hydrogen on one or more carbons of
the hydrocarbon backbone. Such substituents may include, for example, a hydroxyl, a
carbonyl (such as a carboxyl, an alkoxycarbonyl, a formyl, or an acyl), a thiocarbonyl (such
as a thioester, a thioacetate, or a thioformate), an alkoxyl, a phosphoryl, a phosphonate, a
phosphinate, an amino, an amido, an amidine, an imine, a cyano, a nitro, an azido, a
sulthydryl, an alkylthio, a sulfate, a sulfonate, a sulfamoyl, a sulfonamido, a sulfonyl, a
heterocyclyl, an aralkyl, or an aromatic or heteroaromatic moiety. It will be understood by
those skilled 1n the art that the moieties substituted on the hydrocarbon chain may
themselves be substituted, 1f appropriate. For mstance, the substituents of a substituted alkyl
may include substituted and unsubstituted forms of amino, azido, imino, amido, phosphoryl
(inciuding phosphonate and phosphinate), sulfonyl (including sulfate, sulfonamido,
sulfamoyl and sulfonate), and silyl groups, as well as ethers, alkylthios, carbonyls
(including ketones, aldehydes, carboxylates, and esters), -CN and the like. Exemplary
substituted alkyls are described below. Cycloalkyls may be further substituted with alkyls,
alkenyls, alkoxys, alkylthios, aminoalkyls, carbonyl-substituted alkyls, -CN, and the like.

The term “aralkyl” 1s art-recognized and refers to an alkyl group substituted with an

aryl group (e.g., an aromatic or heteroaromatic group).
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The terms “alkenyl” and “alkynyl” are art-recognized and refer to unsaturated
aliphatic groups analogous in length and possible substitution to the alkyls described above,
but that contain at least one double or triple bond respectively.

Unless the number of carbons is otherwise specified, “lower alkyl” refers to an alkyl
group, as defined above, but having from one to about ten carbons, alternatively from one
to about six carbon atoms in i1ts backbone structure. Likewise, “lower alkenyl” and “lower
alkynyl” have similar chain lengths.

The term “heteroatom” 1s art-recognized and refers to an atom of any element other

than carbon or hydrogen. Illustrative heteroatoms include boron, nitrogen, oxygen,

phosphorus, sulfur and selenium.

The term “aryl” is art-recognized and refers to 5-, 6- and 7-membered single-ring
aromatic groups that may include from zero to four heteroatoms, for example, benzene,
pyrrole, furan, thiophene, imidazole, oxazole, thiazole, trazole, pyrazole, pyridine,
pyrazine, pyridazine and pynmidine, and the like. Those aryl groups having heteroatoms in
the ring structure may also be referred to as “heteroaryl” or “heteroaromatics.” The
aromatic ring may be substituted at one or more ring positions with such substituents as
described above, for example, halogen, azide, alkyl, aralkyl, alkenyl, alkynyl, cycloalkyl,
hydroxyl, alkoxyl, amino, nitro, sulfhydryl, imino, amido, phosphonate, phosphinate,
carbonyl, carboxyl, silyl, ether, alkylthio, sulfonyl, sulfonamido, ketone, aldehyde, ester,
heterocyclyl, aromatic or heteroaromatic mozieties, -CF3, -CN, or the like. The term “aryl”
also includes polycyclic ring systems having two or more cyclic nngs in which two or more
carbons are common to two adjoining rings (the rings are “fused rings”) wherein at least
one of the rings is aromatic, e.g., the other cyclic nngs may be cycloalkyls, cycloalkenyls,
cycloalkynyls, aryls and/or heterocyclyls.

The terms ortho, meta and para are art-recognized and refer to 1,2-, 1,3- and 1,4-
disubstituted benzenes, respectively. For example, the names 1,2-dimethylbenzene and
ortho-dimethylbenzene are synonymous.

The terms “heterocyclyl” or “heterocyclic group” are art-recognized and refer to 3-

to about 10-membered ring structures, alternatively 3- to about 7-membered nngs, whose
ring structures include one to four heteroatoms. Heterocycles may also be polycycles.
Heterocyclyl groups include, for example, thiophene, thmanthrene, furan, pyran,
1sobenzofuran, chromene, xanthene, phenoxanthene, pyrrole, imidazole, pyrazole,

isothiazole, isoxazole, pyridine, pyrazine, pyrimidine, pyridazine, indolizine, isoindole,
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indole, indazole, purine, quinolizine, 1soquinoline, quinoline, phthalazine, naphthyridine,
quinoxaline, quinazohne, cinnoline, pteridine, carbazole, carboline, phenanthridine,
acnidine, pynmidine, phenanthroline, phenazine, phenarsazine, phenothiazine, furazan,
phenoxazine, pyrrolidine, oxolane, thiolane, oxazole, pipendine, piperazine, morpholine,
lactones, lactams such as azetidinones and pyrrolidinones, sultams, sultones, and the like.

The heterocyclic ring may be substituted at one or more positions with such substituents as

described above, as for example, halogen, alkyl, aralkyl, alkenyl, alkynyl, cycloalkyl,
hydroxyl, amino, nitro, sulthydryl, imino, amido, phosphonate, phosphinate, carbony],
carboxyl, silyl, ether, alkylthio, sulfonyl, ketone, aldehyde, ester, a heterocyclyl, an
aromatic or heteroaromatic moiety, -CF3, -CN, or the like.

The terms “polycyclyl” or “polycyclic group™ are art-recognized and refer to two or
more rings (e.g., cycloalkyls, cycloalkenyls, cycloalkynyls, aryls and/or heterocyclyls) in
which two or more carbons are common to two adjoining rings, e.g., the rings are “fused
rings”. Rings that are joined through non-adjacent atoms are termed “bridged” rings. Each
of the rings of the polycycle may be substituted with such substituents as described above,
as for example, halogen, alkyl, aralkyl, alkenyl, alkynyl, cycloalkyl, hydroxyl, amino, nitro,
sulthydryl, imino, amido, phosphonate, phosphinate, carbonyl, carboxyl, silyl, ether,
alkylthio, sulfonyl, ketone, aldehyde, ester, a heterocyclyl, an aromatic or heteroaromatic

moiety, -CF3, -CN, or the like.

The term “carbocycle”™ 1s art-recognized and refers to an aromatic or non-aromatic
ring in which each atom of the ring 1s carbon.

The term “nitro” is art-recognized and refers to -NO;; the term “halogen” is art-
recognized and refers to -F, -Cl, -Br or -I; the term “sulthydryl” is art-recognized and refers
to -SH; the term “hydroxyl” means -OH; and the term “sulfonyl” is art-recognized and

refers to -SO,". “Halide” designates the corresponding anion of the halogens, and

“pseudohalide” has the definition set forth on 560 of “Advanced Inorganic Chemistry” by
Cotton and Wilkinson.

The terms “amine” and “amino” are art-recognized and refer to both unsubstituted

and substituted amines, €.g., a moiety that may be represented by the general formulas:

R50
R50 l
/ +
—N —N—R53
\ |
R51 RS
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wherein R50, R51 and R52 each independently represent a hydrogen, an alkyl, an alkenyl, -
(CH2)m-R61, or R50 and R51, taken together with the N atom to which they are attached
complete a heterocycle having from 4 to 8 atoms in the ring structure; R61 represents an
aryl, a cycloalkyl, a cycloalkenyl, a heterocycle or a polycycle; and m is zero or an integer
In the range of 1 to 8. In certain embodiments, only one of R50 or R51 may be a carbonyl,
e.g., R50, R51 and the mitrogen together do not form an imide. In other embodiments, R50
and R51 (and optionally R52) each independently represent a hydrogen, an alkyl, an
alkenyl, or -(CH;)m-R61. Thus, the term “alkylamine” includes an amine group, as defined
above, having a substituted or unsubstituted alkyl attached thereto, 1.e., at least one of R50

and R51 1s an alkyl group.

The term *“‘acylamino” 1s art-recognized and refers to a moiety that may be

represented by the general formula:
O

R50
wherein R50 1s as defined above, and R54 represents a hydrogen, an alkyl, an alkenyl or -
(CH;)m-R61, where m and R61 are as defined above.

The term “amido” is art recognized as an amino-substituted carbonyl and includes a

moiety that may be represented by the general formula:
O

R51
k /
N

|

R50

wherein R50 and R51 are as defined above. Certain embodiments of the amide in the
present invention will not include 1imides which may be unstable.

The term ““alkylthio” refers to an alkyl group, as defined above, having a sulfur
radical attached thereto. In certain embodiments, the “alkylthio” moiety is represented by

one of -S-alkyl, -S-alkenyl, -S-alkynyl, and -S-(CH;),,-R61, wherein m and R61 are defined
above. Representative alkylthio groups include methylthio, ethyl thio, and the like.

The term “carbonyl” 1s art recognized and includes such moieties as may be

represented by the general formulas:
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O

O
)j\ /RSS ~N JJ\
X50 X350 R56

wherein X50 is a bond or represents an oxygen or a sulfur, and R55 and R56 represents a
hydrogen, an alkyl, an alkenyl, -(CH;),-R610r a pharmaceutically acceptable salt, R56
represents a hydrogen, an alkyl, an alkenyl or -(CHj)-R61, where m and R61 are defined
above. Where X50 1s an oxygen and R55 or R56 1s not hydrogen, the formula represents an
“ester”. Where X50 i1s an oxygen, and R55 1s as defined above, the moiety is referred to
herein as a carboxyl group, and particularly when R55 1s a hydrogen, the formula represents
a “carboxylic acid”. Where X50 is an oxygen, and R56 1s hydrogen, the formula represents
a “formate”. In general, where the oxygen atom of the above formula is replaced by sulfur,
the formula represents a “thiolcarbonyl” group. Where X50 1s a sulfur and R55 or R56 is
not hydrogen, the formula represents a “thiolester.” Where X50 1s a sulfur and R55 is
hydrogen, the formula represents a “thiolcarboxylic acid.” Where X350 is a sulfur and R56
is hydrogen, the formula represents a “thiolformate.” On the other hand, where X50 is a
bond, and R55 is not hydrogen, the above formula represents a “ketone” group. Where X50
is a bond, and R55 i1s hydrogen, the above formula represents an “aldehyde” group.

The terms “‘alkoxyl” or “alkoxy” are art-recognized and refer to an alkyl group, as
defined above, having an oxygen radical attached thereto. Representative alkoxyl groups
include methoxy, ethoxy, propyloxy, fert-butoxy and the like. An “ether” is two
hydrocarbons covalently linked by an oxygen. Accordingly, the substituent of an alkyl that
renders that alkyl an ether 1s or resembles an alkoxyl, such as may be represented by one of
-O-alkyl, -O-alkenyl, -O-alkynyl, -O--(CH;)m-R61, where m and R61 are described above.

The term “sulfonate’ is art recognized and refers to a moiety that may be

represented by the general formula:
O

—S——O0R57

O
in which R57 is an electron pair, hydrogen, alkyl, cycloalkyl, or aryl.
The term “sulfate” is art recognized and includes a moiety that may be represented

by the general formula:

- 17 -



10

15

CA 02568914 2006-12-01

Atty Docket: IPT-076.25

O

——O——S——O0RY57

O

in which R57 1s as defined above.

The term “‘sulfonamido” is art recognized and includes a moiety that may be

represented by the general formula:
O

——ons

R50 O
in which R50 and R56 are as defined above.

The term “sulfamoyl” 1s art-recognized and refers to a moiety that may be

represented by the general formula:

O

” /RSO
"—"S_"N\

M R51

in which R50 and R51 are as defined above.

The term “sulfonyl” is art-recognized and refers to a moiety that may be represented

by the general formula:
O

——S—R58

O
in which R58 is one of the following: hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl,

heterocyclyl, aryl or heteroaryl.

The term “sulfoxido” 1s art-recognized and refers to a moiety that may be

represented by the general formula:

in which R58 1s defined above.
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The term “phosphoryl™ 1s art-recognized and may in general be represented by the

formula:

Q50

..___P_._

OR59
wherein Q50 represents S or O, and R59 represents hydrogen, a lower alkyl or an aryl.
5  When used to substitute, €.g., an alkyl, the phosphoryl group of the phosphorylalkyl may be

represented by the general formulas:

Q50 Q50
P N [
0459 0}159

wherein Q50 and R59, each independently, are defined above, and Q51 represents O, S or
N. When Q50 1s S, the phosphoryl moiety 1s a “phosphorothioate”.

10 The term “phosphoramidite™ 1s art-recognized and may be represented in the general
formulas:
ﬁ ﬁ
—0Q5 1.._._..1,) O __....QSI-—--1|>—OR59
N N
/7 N\ 7\
R50 RSl R50  RSI

wherein Q51, R50, RS1 and R59 are as defined above.

The term “phosphonamidite” 1s art-recognized and may be represented in the

15  general formulas:

Rl60 RI60
—Q5 I—IIJ——o——- ——-Q51—}’)—OR59
N
7N\ 2N
R50  RSI R50  RSl1
wherein Q51, R50, R51 and R59 are as defined above, and R60 represents a lower alkyl or

an aryl.
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Analogous substitutions may be made to alkenyl and alkynyl groups to produce, for
example, aminoalkenyls, aminoalkynyls, amidoalkenyls, amidoalkynyls, iminoalkenyls,

iminoalkynyls, thioalkenyls, thioalkynyls, carbonyl-substituted alkenyls or alkynyls.

The definition of each expression, €.g. alkyl, m, n, and the like, when it occurs more
than once i any structure, 1s intended to be independent of 1ts definition elsewhere in the
same structure.

The term “selenoalkyl” 1s art-recognized and refers to an alkyl group having a
substituted seleno group attached thereto. Exemplary “selenoethers” which may be
substituted on the alkyl are selected from one of -Se-alkyl, -Se-alkenyl, -Se-alkynyl, and -

Se-(CH;)-R61, m and R61 being defined above.
The terms tnflyl, tosyl, mesyl, and nonaflyl are art-recognized and refer to

trifluoromethanesulfonyl, p-toluenesulfonyl, methanesulfonyl, and
nonafluorobutanesulfonyl groups, respectively. The terms triflate, tosylate, mesylate, and
nonaflate are art-recognized and refer to trifluoromethanesulfonate ester, p-toluenesulfonate
ester, methanesulfonate ester, and nonafluorobutanesulfonate ester functional groups and
molecules that contain said groups, respectively.

The abbreviations Me, Et, Ph, Tf, Ni, Ts, and Ms represent methyl, ethyl, phenyl,
trifluoromethanesulfonyl, nonafluorobutanesulfonyl, p-toluenesulfonyl and
methanesulfonyl, respectively. A more comprehensive list of the abbreviations utilized by

organic chemists of ordinary skill in the art appears in the first 1ssue of each volume of the

Journal of Organic Chemistry; this list 1s typically presented 1n a table entitled Standard List

of Abbreviations.

Certain compounds contained in compositions of the present invention may exist in

particular geometric or stereoisomeric forms. In addition, polymers of the present invention

may also be optically active. The present invention contemplates all such compounds,
including cis- and trans-isomers, R- and S-enantiomers, diastereomers, (D)-i1somers, (L)-

isomers, the racemic mixtures thereof, and other mixtures thereof, as falling within the

scope of the invention. Additional asymmetric carbon atoms may be present in a

substituent such as an alkyl group. All such 1somers, as well as mixtures thereof, are

intended to be included 1n this invention.

If, for instance, a particular enantiomer of compound of the present invention is

desired, it may be prepared by asymmetric synthesis, or by derivation with a chiral

auxiliary, where the resulting diastereomeric mixture 1s separated and the auxiliary group
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cleaved to provide the pure desired enantiomers. Alternatively, where the molecule contains
a basic functional group, such as amino, or an acidic functional group, such as carboxyl,
diastereomeric salts are formed with an appropnate op?ically-active acid or base, followed
by resolution of the diastereomers thus formed by fractional crystallization or
chromatographic means well known in the art, and subsequent recovery of the pure
enantiomers.

It will be understood that “substitution” or “substituted with” includes the implicit
proviso that such substitution 1s in accordance with permitted valence of the substituted
atom and the substituent, and that the substitution results 1n a stable compound, e.g., which

does not spontaneously undergo transformation such as by rearrangement, cyclization,

elimination, or other reaction.

The term “substituted” is also contemplated to include all permissible substituents
of organic compounds. In a broad aspect, the permissible substituents include acyclic and
cyclic, branched and unbranched, carbocyclic and heterocyclic, aromatic and nonaromatic
substituents of organic compounds. Illustrative substituents include, for example, those
described herein above. The permissible substituents may be one or more and the same or
different for appropriate organic compounds. For purposes of this invention, the
heteroatoms such as nitrogen may have hydrogen substituents and/or any permissible
substituents of organic compounds described herem which satisfy the valences of the
heteroatoms. This invention is not intended to be limited in any manner by the permissible

substituents of organic compounds.

For purposes of this invention, the chemical elements are identified in accordance

with the Periodic Table of the Elements, CAS version, Handbook of Chemistry and
Physics, 67" Ed., 1986-87, inside cover. Also for purposes of this invention, the term
“hydrocarbon” is contemplated to include all permissible compounds having at least one
hydrogen and one carbon atom. In a broad aspect, the permissible hydrocarbons include
acyclic and cyclic, branched and unbranched, carbocyclic and heterocyclic, aromatic and
nonaromatic organic compounds that may be substituted or unsubstituted.

The term “protecting group” is art-recognized and refers to temporary substituents
that protect a potentially reactive functional group from undesired chemical
transformations. Examples of such protecting groups include esters of carboxylic acids,

silyl ethers of alcohols, and acetals and ketals of aldehydes and ketones, respectively. The
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field of protecting group chemistry has been reviewed by Greene and Wuts in Protective
Groups in Organic Synthesis (2™ ed., Wiley: New York, 1991).

The term “hydroxyl-protecting group” is art-recognized and refers to those groups
intended to protect a hydrozyl group against undesirable reactions during synthetic
procedures and includes, for example, benzyl or other suitable esters or ethers groups
known 1n the art.

The term “carboxyl-protecting group” is art-recognized and refers to those groups
intended to protect a carboxylic acid group, such as the C-terminus of an amino acid or
peptide or an acidic or hydroxyl azepine ring substituent, against undesirable reactions
during synthetic procedures and includes. Examples for protecting groups for carboxyl
groups involve, for example, benzyl ester, cyclohexyl ester, 4-nitrobenzyl ester, t-butyl
ester, 4-pynidylmethyl ester, and the like.

The term “amino-blocking group” is art-recognized and refers to a group which will
prevent an amino group from participating in a reaction carried out on some other

functional group, but which can be removed from the amine when desired. Such groups are

discussed by in Ch. 7 of Greene and Wauts, cited above, and by Barton, Protective Groups in
Organic Chemistry ch. 2 (McOmie, ed., Plenum Press, New York, 1973). Examples of
suitable groups include acyl protecting groups such as, to illustrate, formyl, dansyl, acetyl,
benzoyl, trifluoroacetyl, succinyl, methoxysuccinyl, benzyl and substituted benzyl such as
3,4-dimethoxybenzyl, o-nitrobenzyl, and triphenylmethyl; those of the formula -COOR
where R includes such groups as methyl, ethyl, propyl, isopropyl, 2,2,2-trichloroethyl, 1-
methyl-1-phenylethyl, isobutyl, t-butyl, t-amyl, vinyl, allyl, phenyl, benzyl, p-nitrobenzyl,
o-nitrobenzyl, and 2,4-dichlorobenzyl; acyl groups and substituted acyl such as formyi,

acetyl, chloroacetyl, dichloroacetyl, trichloroacetyl, trifluoroacetyl, benzoyl, and p-
methoxybenzoyl; and other groups such as methanesulfonyl, p-toluenesulfonyl, p-
bromobenzenesulfonyl, p-nitrophenylethyl, and p-toluenesulfonyl-aminocarbonyl.
Preferred amino-blocking groups are benzyl (-CHCgHs), acyl [C(O)R1] or S1R1; where R1
is C;-C4 alkyl, halomethyl, or 2-halo-substituted-(C;-C4 alkoxy), aromatic urethane
protecting groups as, for example, carbonylbenzyloxy (Cbz), and aliphatic urethane

protecting groups such as t-butyloxycarbonyl (Boc) or 9-fluorenylmethoxycarbonyl

(FMOC).
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The definition of each expression, e.g. lower alkyl, m, n, p and the like, when it

occurs more than once 1n any structure, 1s intended to be independent of 1ts definition

elsewhere in the same structure.
The term “electron-withdrawing group” 1s art-recognized, and refers to the tendency
of a substituent to attract valence electrons from neighboring atoms, 1.e., the substituent is

electronegative with respect to neighboring atoms. A quantification of the level of electron-
withdrawing capability is given by the Hammett sigma (o) constant. This well known

constant is described in many references, for instance, March, Advanced Organic
Chemistry 251-59 (McGraw Hill Book Company: New York, 1977). The Hammett

constant values are generally negative for electron donating groups (o(P) = - 0.66 for NH,)

and positive for electron withdrawing groups (o(P) = 0.78 for a nitro group), o(P)
indicating para substitution. Exemplary electron-withdrawing groups include nitro, acyl,
formyl, sulfonyl, triﬂuoromethyl, cyano, chlonde, and the hike. Exemplary electron-

donating groups include amino, methoxy, and the like.

The term “amino acid” is art-recognized and refers to all compounds, whether
natural or synthetic, which include both an amino functionality and an acid functionality,
including amino acid analogs and derivatives. The terms “amino acid residue” and “peptide
residue” are art-recognized and refer to an amino acid or peptide molecule without the -OH
of its carboxyl group. The term “amino acid residue” further includes analogs, derivatives
and congeners of any specific amino acid referred to herein, as well as C-terminal or N-
terminal protected amino acid dernvatives (e.g. modified with an N-terminal or C-terminal
protecting group). The names of the natural amino acids are abbreviated herein in

accordance with the recommendations of IUPAC-IUB.

A “reversed” or “retro” peptide sequence as disclosed herein refers to that part of an
overall sequence of covalently-bonded amino acid residues (or analogs or mimetics thereof)
wherein the normal carboxyl-to amino direction of peptide bond formation in the amino
acid backbone has been reversed such that, reading in the conventional left-to-right
direction, the amino portion of the peptide bond precedes (rather than follows) the carbonyl
portion. See, generally, Goodman et al. Accounts of Chem. Res. 12:423 (1979).

The reversed orientation peptides described herein include (a) those wherein one or
more amino-terminal residues are converted to a reversed (“rev”) orientation (thus yielding
a second “carboxyl terminus” at the left-most portion of the molecule), and (b) those

wherein one or more carboxyl-terminal residues are converted to a reversed (“rev’”)
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orientation (yielding a second “amino terminus” at the right-most portion of the molecule).
A peptide (amude) bond cannot be formed at the interface between a normal orientation

residue and a reverse orientation residue.

Therefore, certain reversed peptide compounds of the invention may be formed by
utilizing an appropriate amino acid mimetic moiety to link the two adjacent portions of the
sequences depicted above utilizing a reversed peptide (reversed amide) bond.

The reversed direction of bonding 1n such compounds will generally, in addition,
require inversion of the enantiomeric configuration of the reversed amino acid residues in
order to maintain a spatial orientation of side chains that is similar to that of the non-
reversed peptide. The configuration of amino acids in the reversed portion of the peptides is
usually (D), and the configuration of the non-reversed portion is usually (L). Opposite or
mixed configurations are acceptable when appropriate to optimize a binding activity.

The term “nucleic acid” 1s art-recognized and refers to polynucleotides such as

deoxyribonucleic acid (DNA), and, where appropriate, ribonucleic acid (RNA). The term

should also be understood to include, as equivalents, analogs of either RNA or DNA made

from nucleotide analogs, and, as applicable to the embodiment being described, single-

stranded (such as sense or antisense) and double-stranded polynucleotides.

The terms “gene” or “recombinant gene” are art-recognized and refer to a nucleic
acid comprising an open reading frame encoding a polypeptide, including both exonic and

(optionally) intronic sequences.

The term “gene construct” 1s art-recognized and refers to a vector, plasmid, viral

genome or the like which includes an “coding sequence” for a polypeptide or which is

otherwise transcribable to a biologically active RNA (e.g., antisense, decoy, ribozyme, etc),

can transfect cells, in certain embodiments mammalian cells, and may cause expression of

the coding sequence 1n cells transfected with the construct.

The term “homology” 1s art-recognized and refers to sequence similarity between

two peptides or between two nucleic acid molecules.

The term “operably linked” 1s art-recognized and refers to the relationship between
two nucleic acid regions, means that they are functionally related to each other.

The term “host cell” 1s art-recogmzed and refers to a cell transduced with a specified

transfer vector. The cell 1s optionally selected from in vitro cells such as those derived

from cell culture, ex vivo cells, such as those denved from an organism, and in vivo cells,
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such as those in an organism. “Recombinant host cells” refers to cells which have been

transformed or transfected with vectors constructed using recombinant DNA techniques.

32

The terms “recombinant protein,” “heterologous protein” and “exogenous protein”

are art-recognized and are used 1nterchangeably to refer to a polypeptide which is produced
by recombinant DNA technmques, wherein generally, DNA encoding the polypeptide is

inserted into a suitable expression vector which is 1n turn used to transform a host cell to

produce the heterologous protein. That 1s, the polypeptide is expressed from a heterologous
nucleic acid.

The term “regulatory element” 1s art-recognized and refers to nucleotide sequences
(such as DNA sequences) that induce or control transcription of protein coding sequences
with which they are operably linked. Examples of regulatory elements categorized by
function include initiation signals, enhancers, promoters and the like. Exemplary regulatory
elements are described in Goeddel; Methods 1n Enzymology 185 (1990). In certain
embodiments, transcription of a gene or other DNA 1s under the control of a promoter
sequence (or other regulatory element) which controls the expression of a coding sequence
in a cell-type in which expression is intended. A variety of promoters categonzed by
function are known. The term “tissue-specific promoter” means a DNA sequence that
serves as a promoter, 1.¢., regulates expression of a selected DNA sequence operably linked
to the promoter, and which effects expression of the selected DNA sequence in specific
cells of a tissue, such as cells of a urogenital origin, e.g., renal cells, or cells of a neural
origin, e.g., neuronal cells. The term also covers so-called “leaky” promoters, which
regulate expression of a selected DNA primarily in one tissue, but cause expression in other
tissues as well. The term “inducible” promoter refers to a promoter which is under

environmental or developmental regulation. The term “constitutive” promoter refers to a
promoter which is active under most environmental and developmental conditions.

The term “transfection” is art-recognized and refers to the introduction of a nucleic
acid, e.g., an expression vector, into a recipient cell, which in certain embodiments may be
by nucleic acid-mediated gene transfer. “Transformation,” as used with respect to
transfected nucleic acid, 1s an art-recognized term and refers to a process in which a cell’s
genotype is changed as a result of the cellular uptake of exogenous nucleic acid.

The term “transfer vector’ is art-recognized and refers to a first nucleic acid
molecule to which a second nucleic acid has been linked, and includes for example

plasmids, cosmids or phages (as discussed in grater detail below). In certain embodiments
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of the present invention, the therapeutic agent 1s the second nucleic acid. One type of

transfer vector is an episome, i.€., a nucleic acid capable of extra-chromosomal replication.

In certain embodiments, a transfer vector may be an “expression vector,” which
refers to a replicable DNA construct used to express DNA which encodes the desired
protein and which includes a transcriptional unit comprising an assembly of (1) genetic
element(s) having a regulatory role in gene expression, for example, promoters, operators,
or enhancers, operatively linked to (i1) a DNA sequence encoding a desired protein which 1s
transcribed into mRNA and translated into protein, and (i11) appropriate transcription and
translation initiation and termination sequences. In certain embodiments, the therapeutic
agent is the DNA sequence. The choice of promoter and other regulatory elements
generally varies according to the intended host cell. In general, expression vectors of utility
in recombinant DNA techniques are often in the form of “plasmids,” which refer to circular
double stranded DNA loops which, in their vector form are not bound to the chromosome.
The invention is intended to include such other forms of expression vectors which serve
equivalent functions and which become known 1n the art subsequently hereto.

Certain transfer vectors may contain regulatory elements for controlling
transcription or translation, which may be generally dertved from mammalian, microbial,
viral or insect genes. The ability to replicate in a host, usually conferred by an origin of
replication, and a selection gene to facilitate recognition of transformants, may additionally
be incorporated.

The design of any transfer vector may depend on such factors as the choice of the
host cell to be transformed and/or the type of protein desired to be expressed. Moreover,
the vector’s copy number, the ability to control that copy number and the expression of any

other proteins encoded by the vector, such as antibiotic markers (e.g., ampicillin), may also

be considered.

The term ““transgenic animal’ is art-recognized and reters to any animal, often a
non-human mammal, a bird or an amphibian, in which one or more of the cells of the
animal contain nucleic acid introduced by way of human intervention, such as by transgenic
techniques well known 1n the art. Such nucleic acid may be referred to as a “transgene.”
The nucleic acid is introduced into the cell, directly or indirectly by introduction into a
precursor of the cell, by way of deliberate genetic manipulation, such as by microinjection
or by infection with a recombinant virus. The term genetic manipulation does not include

classical cross-breeding, or 1n vitro fertilization, but rather 1s directed to the introduction of
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a recombinant DNA molecule. This molecule may be mntegrated within a chromosome, or
1t may be extrachromosomally replicating DNA. A transgene may be partly or entirely
heterologous, 1.e., foreign, to the transgenic animal or cell into which it is introduced, or, is
homologous to an endogenous gene of the transgenic animal or cell into which it is
introduced, but which 1s designed to be inserted, or 1s inserted, into the animal’s genome in
such a way as to alter the genome of the cell into which it is inserted (e.g., 1t is inserted at a
location which differs from that of the natural gene or 1ts insertion results in a knockout). A
transgene may also be present in a cell in the form of an episome. A transgene may include
one or more regulatory elements and any other nucleic acid, such as introns, that may be
necessary for optimal expression of a selected nucleic acid. In certain embodiments, a
transgene comprises a nucleic acid sequence of interest and one or more regulatory
elements for controlling transcription of the nucleotide sequence encoded by such nucleic
acid sequence, e.g., the regulatory element is operably linked to a nucleic acid.

In certain embodiments, the transgene or other therapeutic agent may be a “gene
therapy construct,” which 1s an expression vector which may alter the phenotype of a cell
when taken up by the cell, or a gene construct. In certain embodiments, the gene therapy
construct may be a “recombinant coding sequence” which encodes a polypeptide, or is
transcribable to an antisense nucleic acid, a nbozyme, or any other RNA product which

alters the phenotype of the cell in which 1t 1s produced. “Recombinant gene’ refers to a

genetic construct including a “recombinant coding sequence.”

The term “antibody” is art-recognized and refers to whole antibodies, e.g., of any
isotype (IgG, IgA, IgM, IgE, etc.), and includes fragments thereof which are also
specifically reactive with a vertebrate, e.g., mammalian, protein. Antibodies may be
fragmented using conventional techniques and the fragments screened for utility in the

same manner as described above for whole antibodies. Thus, the term includes segments of
proteolytically-cleaved or recombinantly-prepared portions of an antibody molecule that are

capable of selectively reacting with a certain protein. Non-limiting examples of such
proteolytic and/or recombinant fragments include Fab, F(ab’)2, Fab’, Fv, and single chain
antibodies (scFv) containing a V[L] and/or V[H] domain joined by a peptide linker. The
scFv’s may be covalently or non-covalently linked to form antibodies having two or more

binding sites. The subject invention includes polyclonal, monoclonal or other purified

preparations of antibodies and recombinant antibodies.
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The term “small molecule” 1s art-recognized and refers to a composition which has
a molecular weight of less than about 2000 amu, or less than about 1000 amu, and even
less than about 500 amu. Small molecules may be, for example, nucleic acids, peptides,
polypeptides, peptide nucleic acids, peptidomimetics, carbohydrates, lipids or other organic
(carbon containing) or mnorganic molecules. Many pharmaceutical companies have
extensive libraries of chemical and/or biological mixtures, often fungal, bacterial, or algal
extracts, which can be screened with any of the assays of the invention. The term “small
organic molecule” refers to a small molecule that is often identified as being an organic or
medicinal compound, and does not include molecules that are exclusively nucleic acids,
peptides or polypeptides.

A “target” shall mean a site to which targeted constructs bind. A target may be

either in vivo or 1n vitro. In certain embodiments, a target may be a tumor (e.g., tumors of

the brain, lung (small cell and non-small cell), ovary, prostate, breast and colon as well as
other carcinomas and sarcomas). In other embodiments, a target may be a site of infection
(e.g., by bacteria, viruses (e.g., HIV, herpes, hepatitis) and pathogenic fungi (Candida sp.).
In still other embodiments, a target may refer to a molecular structure to which a targeting
moiety binds, such as a hapten, epitope, receptor, dsDNA fragment, carbohydrate or

enzyme. Additionally, a target may be a type of tissue, €.g., neuronal tissue, intestinal

tissue, pancreatic tissue etc.

The term “targeting moiety” refers to any molecular structure which assists the
construct in localizing to a particular target area, entering a target cell(s), and/or binding to
a target receptor. For example, lipids (including cationic, neutral, and steroidal lipids,
virosomes, and liposomes), antibodies, lectins, ligands, sugars, steroids, hormones,

nutrients, and proteins may serve as targeting moieties.

The term “modulation” 1s art-recogmzed and refers to up regulation (i.e., activation

or stimulation), down regulation (1.e., inhibition or suppression) of a response, or the two in

combination or apart.

The term “treating” 1s art-recognized and refers to curing as well as ameliorating at

least one symptom of any condition or disease.

The term “prophylactic” or “therapeutic” treatment 1s art-recognized and refers to
administration to the host of one or more of the subject compositions. If it is administered
prior to clinical manifestation of the unwanted condition (e.g., disease or other unwanted

state of the host animal) then the treatment 1s prophylactic, i.e., it protects the host against
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developing the unwanted condition, whereas 1f administered after manifestation of the
unwanted condition, the treatment is therapeutic (1.e., 1t 1s intended to diminish, ameliorate
or maintain the existing unwanted condition or side effects therefrom).

A “patient,” “subject” or “host” to be treated by the subject method m<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>