Office de la Proprieté Canadian
Intellectuelle Intellectual Property
du Canada Office

Un organisme An agency of
d'Industrie Canada Industry Canada

CA 2501132 A1 2004/04/22

(21) 2 501 132

12 DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION
(13) A1

(86) Date de déepot PCT/PCT Filing Date: 2003/10/08

(87) Date publication PCT/PCT Publication Date: 2004/04/22
(85) Entree phase nationale/National Entry: 2005/04/04

(86) N° demande PCT/PCT Application No.: US 2003/031991
(87) N° publication PCT/PCT Publication No.: 2004/032862
(30) Priorité/Priority: 2002/10/09 (60/417,373) US

(51) ClL.Int.”/Int.CIL." A61F 13/00

(71) Demandeur/Applicant:
INSERT THERAPEUTICS, INC., US

(72) Inventeurs/Inventors:
BELLOCQ, NATHALIE C., US;
DAVIS, MARK E., US;

PUN, SUZIE HWANG, US

(74) Agent: BORDEN LADNER GERVAIS LLP

(54) Titre : MATERIAUX ET COMPOSITIONS A BASE DE CYCLODEXTRINE, ET UTILISATIONS CORRESPONDANTES
(54) Title: CYCLODEXTRIN-BASED MATERIALS, COMPOSITIONS AND USES RELATED THERETO

(57) Abréegée/Abstract:

The application discloses cyclodextrin-modified materials for carrying drugs and other active agents, such as nucleic acids.
Compositions are also disclosed of cyclodextrin-modified materials that release such active agents under controlled conditions. The
Invention also discloses compositions of cyclodextrin-modified polymer carriers that are coupled to biorecognition molecules for

assisting the delivery of drugs to their site of action.

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~




O 20047032862 A3 NI AATH O] A O 0 RFR O AR OO AR A

CA 02501132 2005-04-04

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization

International Bureau

(43) International Publication Date

22 April 2004 (22.04.2004)

A61F 13/00

(51) International Patent Classification’:

(21) International Application Number:
PCT/US2003/031991

(22) International Filing Date: 8 October 2003 (08.10.2003)

(10) International Publication Number

WO 2004/032862 A3

(81) Designated States (national): AE, AG, AL, AM, AT, AU,
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU,
CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH,
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, L.C,
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,
MX, MZ, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC,
SD, SE, SG, SK, SL, SY, TJ, TM, TN, TR, TT, TZ, UA,
UG, US, UZ, VC, VN, YU, ZA, ZM, ZW.

(25) Filing Language: English
(84) Designated States (regional): ARIPO patent (GH, GM,
(26) Publication Language: English KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
(30) Priority Data: European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EL,
60/417,373 9 October 2002 (09.10.2002) US ES, FI, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, RO,
SE, SI, SK, TR), OAPI patent (BF, BJ, CF, CG, CI, CM,
(71) Applicant (for all designated States except US): INSERT GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).
THERAPEUTICS, INC. [US/US]; 2585 Nina Street,
Pasadena, CA 91107 (US). Published:

with international search report
before the expiration of the time limit for amending the

(72) Inventors; and

(75) Inventors/Applicants (for US only): BELLOCQ,
Nathalie, C. [FR/US]; 3129 Raymond Avenue, Altadena,
CA 91001 (US). DAVIS, Mark, E. [US/US]; 575 Laguna
Road, Pasadena, CA 91105 (US). PUN, Suzie, Hwang
[US/US]; 5327 Doris Way, Torrance, CA 90505 (US).

(74) Agents: HALSTEAD, David, P. et al.; Ropes & Gray
LLP, One International Place, Boston, MA 02110-2624
(US).

claims and to be republished in the event of receipt of
amendments

(88) Date of publication of the international search report:
1 July 2004

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gagzette.

(54) Title: CYCLODEXTRIN-BASED MATERIALS, COMPOSITIONS AND USES RELATED THERETO

(57) Abstract: The application discloses cyclodextrin-modified materials for carrying drugs and other active agents, such as nucleic
acids. Compositions are also disclosed of cyclodextrin-modified materials that release such active agents under controlled conditions.
The invention also discloses compositions of cyclodextrin-modified polymer carriers that are coupled to biorecognition molecules

for assisting the delivery of drugs to their site of action.



CA 02501132 2005-04-04

WO 2004/032862 PCT/US2003/031991

10

15

20

25

CYCLODEXTRIN-BASED MATERIALS, COMPOSITIONS
AND USES RELATED THERETO

Background of the Invention

Polymers having pendant sugar moieties known as "glycopolymers"
(Bioconj. Chem., 3:256 (1992)) have attracted much interest in recent years, largely
as scaffolds for the multivalent display of biologically important carbohydrate
molecules. These glycopolymers have been used as potent inhibitors of viral-host
cell attachment and leukocyte-endothelial cell adhesion (FEBS, 272:209 (1990);
Can. J. Microbiol., 37:233 (1991); J. Am. Chem. Soc., 119:3161 (1997)).
Glycopolymers have also been explored as vehicles for targeted drug and gene
delivery (J. Hepatology, 21:806 (1994)), and as artificial substrates for cell adhesion
(J. Cell Biol., 115:485 (1991)). The suitability of glycopolymers as biocompatible
implant materials has been relatively unexplored and 1s limited to a few examples

described, for example, in Microbiol. Chem. Phys., 195:3597 (1994).

For polymers used as biocompatible implant materials, their properties,
particularly the surface composition, are of great importance. Efforts include
introducing biocompatible components into the bulk system and on their surface.
Studies described, for example, in J. Colloid Interface Sci., 149:84 (1992) have
shown that copolymers with a pendant glucose unit in the bulk or surfaces with
covalently bound neutral polysaccharides demonstrate the reduction of platelet

adhesion and protein adsorption.

Accordingly, biocompatible polymeric materials that are easily prepared

would be useful for drug delivery and other biomedical uses.

Summary of the Invention
This invention provides a material formed by crosslinking a polymer bearing

inclusion hosts (such as cyclodextrin) with a linking molecule bearing at least two
functional groups that, as inclusion guests, form inclusion complexes with the

inclusion host. For polymers in which cyclodextrin is the inclusion host, exemplary
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inclusion guests include naphthol, adamantane, cholesterol, and derivatives thereof.
In certain embodiments, the polymer bears inclusion guests, and linking molecules
bearing inclusion hosts such as cyclodextrin are used to crosslink the polymer.
Materials according to the above description can be used to deliver therapeutic

agents, such as proteins, nucleic acids, and pharmaceuticals.

Brief Description of the Drawings

Figure 1 schematically depicts a crosslinked polymer matrix of the present

invention.
Figure 2 illustrates a matrix of the invention including therapeutic moieties.

Figure 3 depicts molecular weights of CD-PEGs340 as a function of

polymerization times.
Figure 4 presents results of transfection experiments.
Figure 5 shows cell migration through a matrix as described herein.

Figure 6 shows a dynamic frequency sweep of CD-PEG3400 polymer without
cross-linking. Concentration was 100 mg/ml in PBS, temperature was 37 °C and

strain was 0.5%.

Figure 7 presents a dynamic frequency sweep of CD-PEG3;400 polymer
without cross linker. Concentration was 100 mg/ml in PBS, temperature was 20 °C

and strain was 0.5%.

Figure 8 provides a dynamic frequency sweep of CD-PEG3400 polymer (100
mg/ml) with 36.5 mg/ml of di-Adamantane-PEG cross linker. Temperature was 37

°C and strain was 0.5%.

Figure 9 1s a dynamic frequency sweep of CD-PEG3400 polymer (100 mg/ml)
with 36.5 mg/ml of di-Adamantane-PEG cross linker. Temperature was 20 °C and

strain was 0.5%.
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Figure 10 shows a dynamic trequency sweep of bovine collagen matrix at 2.4

mg/ml. Temperature was 37 °C and strain was 0.5%.

Figure 11 illustrates results of in vitro assays using a matrix as described

herein.

Figure 12 poﬁrays results of treating wounds with subject compositions.
(12A): ICR mouse treated with Matrix A (Left Wound) and Matrix B (Right
Wound). Animal shown at sacrifice 4 days post surgery. The purple ink is markings
from a surgical pen and not the dye (dark blue/black in color) used in the matrices.
Little dye remains on the actual wound site; however, the remaining dye comes from
oozing and spreading of the matrices to the surrounding unwounded tissues that
occurred after applying the wound dressing. (12B): ICR mouse treated with Matrix
A (Left Wound) and Matrix B (Right Wound). Animal shown at sacrifice 4 days
post surgery. The left and right wounds show that Matrix A and Matrix B

respectively, did not spread to surrounding tissues after injection.

Figure 13 shows results of treating wounds with subject compositions.
(13A): ICR mouse treated with Matrix A (Left Wound) and Matrix B (Right
Wound). Animal shown at sacrifice 4 days post surgery. Natural wound contraction
can be seen in both left and right wounds. A small amount of dye remaining from
the original injections can be seen; however, there is no dye present in the
surrounding unwounded tissues. (13B): ICR mouse treated with Matrix A (Left
Wound) and Matrix B (Right Wound). Animal shown at sacrifice 4 days post
surgery. The left and right wounds show that Matrix A and Matrix B, respectively,

did not spread to surrounding tissues after injection.

Figure 14 depicts PDGF-B expression levels within treated sponges. QRT-

PCR was performed on individual sponge samples from each treatment group. The

data 1s expressed as the average of 6 sponges assayed + standard deviation.

Figure 15 tllustrates GAPDH RNA levels within treatment groups.
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Figure 16 shows viral PDGF-B DNA within treated sponges. QPCR assays
were performed on sponge samples from each treatment group. PCR primers

targeted specific expression of human PDGF-B sequence and do not cross react with

rat PDGF-B DNA.
Figure 17 portrays GAPDH DNA content within sponges.
Figure 18 depicts viral hexon DNA within sponge treatment groups.

Figure 19 provides morphological analysis of PVA sponges.

Detailed Description of the Invention

I Overview

Cyclodextrins have a ring structure which has a basket-like shape. This shape
allows cyclodextrins to include many kinds of molecules into their internal cavity.
See, for example, Szejtli, Cyclodextrins and Their Inclusion Complexes; Akademiai
Klado, Budapest, 1982; and Bender et al., Cyclodextrin Chemistry, Springer-Verlag,
Berlin, 1978. Cyclodextrins are able to form inclusion complexes with an array of
organic molecules including, for example, drugs, pesticides, herbicides, and agents
of war. See, Tenjarla et al., J. Pharm. Sci., 87: 425-429 (1998); Zughul et al., Pharm.
Dev. Technol., 3: 43-53 (1998); and Albers et al., Crit. Rev. Ther. Drug Carrier
Syst., 12: 311-337 (199)3).

Linear cyclodextrin-based polymers (CDPs) have previously been shown to
have low toxicity both in vitro (in many different cell lines) and in vivo (Gonzalez et

al. 1999 Bioconjugate Chem 10:1068-1074; and Hwang et al. 2001 Bioconjugate

Chem 12(2):280-290). The present invention relates, at least in part, to

biocompatible materials based on polymers that bear or include cyclodextrin
moleties, by crosslinking the linear strands with linking molecules bearing two or
more moieties that form inclusion complexes with cyclodextrin, as shown in Figure
I. Additionally, those of skill in the art will recognize that this concept can naturally
be extended to polymers bearing or including inclusion hosts other than

cyclodextrin, in conjunction with linking molecules that bear inclusion guests that
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form inclusion complexes with those inclusion hosts, or, alternatively, polymers that
bear inclusion guests in conjunction with linking molecules that bear or include
inclusion hosts that form inclusion complexes with those inclusion guests. Examples
of inclusion hosts other than cyclodextrins and related cycloamyloses include
perhydrotriphenylene (which forms inclusion complexes with polyethylene),
urea/thiourea (which form inclusion complexes with fatty acids and related
molecules as described in U.S. Patent Nos. 4,776,984, 5,106,542, and 4,170,601),
cyclophanes (such as those described in U.S. Patent No. 4,116,955), and those
described in U.S. Patent Nos. 4,841,081, 4,367,072, and 4,898,654, all of which are

hereby incorporated by reference in their entireties.

In certain embodiments of the present invention, such as is described below
in Example 19, a polymer bears both inclusion hosts and inclusion guests, and thus
crosslinks with itself by forming inclusion complexes between hosts and guests on
the same polymer chain and/or between hosts and guests on adjacent polymer chains.
Conditions under which the crosslinking is performed will influence the balance
between these two types of inclusion complexes. For example, performing the
complexation at high dilution will favor the formation of intramolecular complexes,
while performing the complexation at high concentrations will favor the formation
of intermolecular complexes, including, in some cases, catenane- and rotaxane-type
structures. In certain such embodiments, a high degree of intermolecular interaction

increases the rigidity, melting point, and strength of the material.

For purposes of the present application, polymers ‘incorporate’ inclusion
hosts, such as cyclodextrin moieties, by having inclusion hosts within the polymer
chain, e.g., removing inclusion hosts from the polymer would require severing the
polymer chain. Examples of such polymers are the linear cyclodextrin-based
polymers referred to above. Polymers that ‘bear’ cyclodextrin moieties have a
polymer chain to which inclusion hosts are attached, e.g., inclusion hosts are
appended to a distinct polymer chain. Polyethylenimine-CD polymers as described
herein are examples of this type of polymer. Polymers that ‘include’ inclusion hosts
are those polymers that ‘bear’ or ‘incorporate’, or both bear and incorporate,

inclusion hosts, or otherwise have covalently bound inclusion hosts as part of the
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polymer chain. Any polymer that includes inclusion hosts can be employed in the
present application. In certain embodiments, a polymer that incorporates inclusion
hosts is a linear (i.e., non-branched) polymer. In certain embodiments, inclusion
hosts, e.g., incorporated into or borne on the polymer, are regularly spaced

throughout or along the polymer.

The physical properties of the resultant material can be varied by selecting
moieties that form inclusion complexes of varying strength; the stronger the
complex, the more durable and rigid the resulting material. Similarly, using linking
molecules bearing more than two such moieties may increase the strength and
rigidity of the material by increasing the degree of crosslinking, as will increasing
the proportion of linking molecules to polymer mass. Physical properties of the
material can also be varied by altering the flexibility of the linking molecules
themselves, or by altering the flexibility of linkers within the cyclodextrin polymer

itself.

Furthermore, the in vivo properties of the matrix may be varied by using
bonds in the matrix that are labile under physiological conditions. For example, the
polymer strands, the crosslinking molecules, or both, may comprise bonds that are
labile under physiological conditions, such as ester and peptide bonds. After
placement in a physiological environment, these bonds will gradually begin to
cleave, resulting in a gradual degradation and loss of structural integrity. -A wide
spectrum of properties can be achieved by varying the frequency of such bonds in a
polymer strand, by combining labile and resistant crosslinking molecules in varying
proportions, or by selecting difterent labile bonds with differing strengths. For
example a peptide bond is generally more resistant to cleavage than an ester bond,

which is 1n turn less labile than a thioester bond.

Compounds and materials such as therapeutic agents, viruses, adjuvants, and
the like, can be formulated with the polymer by forming inclusion complexes, or by
simple admixture or encapsulation, without forming inclusion complexes, as is well
known in the art for ordinary biocompatible polymers.

Compounds increasing the therapeutic utility of the material, such as

signaling peptides, other moieties facilitating cell ‘mi gration, or adjuvants, may be

-6 -
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incorporated into the crosslinked material by conjugating an inclusion complex guest
to the entity of interest and including the conjugate in the material as depicted in
Figure 2. The conjugate may be included before, during or after the crosslinking
process. Therapeutic compounds may also be included in this fashion, preferably
where the attachment between the drug and the inclusion guest/host is labile under

physiological conditions, such as an ester bond. See U.S. Patent Application
Publication Nos. 20030008818 and 20030017972.

II. Definitions

For convenience, certain terms employed in the specification, examples, and

appended claims are collected here.

An ‘adjuvant’, as the term is used herein, is a compound that has little or no
therapeutic value on its own, but increases the effectiveness of a therapeutic agent.
Exemplary adjuvants include radiosensitizers, transfection-enhancing agents (such as
chloroquine and analogs thereot), chemotactic agents and chemoattractants, peptides
that modulate cell adhesion and/or cell mobility, cell permeabilizing agents,

inhibitors of multidrug resistance and/or efflux pumps, etc.

The terms "biocompatible polymer" and "biocompatibility" when used in
relation to polymers are art-recognized. For example, biocompatible polymers
include polymers that are neither themselves toxic to the host (e.g., an animal or
human), nor degrade (if the polymer degrades) at a rate that produces monomeric or
oligomeric subunits or other byproducts at toxic concentrations in the host. In certain
embodiments of the present invention, biodegradation generally involves
degradation of the polymer in an organism, €.g., into its monomeric subunits, which
may be known to be effectively non-toxic. Intermediate oligomeric products
resulting from such degradation may have different toxicological properties,
however, or biodegradation may involve oxidation or other biochemical reactions
that generate molecules other than monomeric subunits of the polymer.
Consequently, in certain embodiments, toxicology of a biodegradable polymer

intended for in vivo use, such as implantation or injection into a patient, may be
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determined after one or more toxicity analyses. It is not necessary that any subject
composition have a purity of 100% to be deemed biocompatible. Hence, a subject
composition may comprise 99%, 98%, 97%, 96%, 95%, 90% 85%, 80%, 75% or
even less of biocompatible polymers, e.g., including polymers and other materials

and excipients described herein, and still be biocompatible.

To determine whether a polymer or other material is biocompatible, it may
be necessary to conduct a toxicity analysis. Such assays are well known in the art.
One example of such an assay may be performed with live carcinoma cells, such as
GT3TKB tumor cells, in the following manner: the sample is degraded in 1 M

NaOH at 37 °C until complete degradation 1s observed. The solution is then

neutralized with 1 M HCI. About 200 pL of various concentrations of the degraded
sample products are placed in 96-well tissue culture plates and seeded with human
gastric carcinoma cells (GT3TKB) at 104/well density. The degraded sample
products are incubated with the GT3TKB cells for 48 hours. The results of the assay
may be plotted as % relative growth vs. concentration of degraded sample in the
tissue-culture well. In addition, polymers and formulations of the present invention
may also be evaluated by well-known in vivo tests, such as subcutaneous
implantations in rats to confirm that they do not cause significant levels of irritation

or inflammation at the subcutaneous implantation sites.

The term "biodegradable" is art-recognized, and includes polymers,
compositions and formulations, such as those described herein, that are intended to
degrade during use. Biodegradable polymers typically difter from non-biodegradable
polymers in that the former may be degraded during use. In certain embodiments,
such use involves in vivo use, such as in vivo therapy, and in other certain
embodiments, such use involves in vitro use. In general, degradation attributable to
biodegradability involves the degradation of a biodegradable polymer into its
component subunits, or digestion, e.g., by a biochemical process, of the polymer into
smaller, non-polymeric subunits. In certain embodiments, two different types of
biodegradation may generally be identified. For example, one type of biodegradation

may involve cleavage of bonds (whether covalent or otherwise) in the polymer
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backbone. In such biodegradation, monomers and oligomers typically result, and
even more typically, such biodegradation occurs by cleavage of a bond connecting
one or more of subunits of a polymer. In contrast, another type of biodegradation
may involve cleavage of a bond (whether covalent or otherwise) internal to sidechain
5  orthat connects a side chain to the polymer backbone. For example, a therapeutic
agent or other chemical moiety attached as a side chain to the polymer backbone
may be released by biodegradation. In certain embodiments, one or the other or both

general types of biodegradation may occur during use of a polymer.

As used herein, the term "biodegradation” encompasses both general types of
10 biodegradation. The degradation rate of a biodegradable polymer often depends in
part on a variety of factors, including the chemical identity of the linkage responsible
for any degradation, the molecular weight, crystallinity, biostability, and degree of
cross-linking of such polymer, the physical characteristics (€.g., shape and size) of an
implant, and the mode and location of administration. For example, the greater the
15  molecular weight, the higher the degree of crystallinity, and/or the greater the
biostability, the biodegradation of any biodegradable polymer is usually slower. The

term "biodegradable” i1s intended to cover materials and processes also termed

"bioerodible".

In certain embodiments wherein the biodegradable polymer also has a
20  therapeutic agent or other material associated with it, the biodegradation rate of such
polymer may be characterized by a release rate of such materials. In such
circumstances, the biodegradation rate may depend on not only the chemical identity
and physical characteristics of the polymer, but also on the identity of material(s)
incorporated therein. Degradation of the subject compositions includes not only the
25  cleavage of intramolecular bonds, e.g., by oxidation and/or hydrolysis, but also the
disruption of intermolecular bonds, such as dissociation of host/guest complexes by

competitive complex formation with foreign inclusion hosts.

In certain embodiments, polymeric formulations of the present invention
biodegrade within a period that is acceptable in the desired application. In certain

30 embodiments, such as in vivo therapy, such degradation occurs in a period usually

- 0.
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less than about five years, one year, six months, three months, one month, fifteen
days, five days, three days, or even one day on exposure to a physiological solution
with a pH between 6 and 8 having a temperature of between 25 and 37 °C. In other
embodiments, the polymer degrades in a period of between about one hour and

5  several weeks, depending on the desired application.

A biohydrolyzable bond (e.g., ester, amide, carbonate, carbamates, or imide)
refers to a bond that is cleaved (e.g., an ester is cleaved to form a hydroxyl and a
carboxylic acid) under physiological conditions. Physiological conditions include
the acidic and basic environments of the digesttve tract (e.g., stomach, intestines,
10 etc.), acidic environment of a tumor, enzymatic cleavage, metabolism, and other
biological processes, and preferably refer to physiological conditions in a vertebrate,

such as a mammal.

The term "healthcare providers" refers to individuals or organizations that

provide healthcare services to a person, community, etc. Examples of "healthcare
15  providers" include doctors, hospitals, continuing care retirement communities,
skilled nursing facilities, subacute care facilities, clinics, multispecialty clinics,

freestanding ambulatory centers, home health agencies, and HMO's.

“Instruction(s)” as used herein means documents describing relevant

materials or methodologies pertaining to a kit. These materials may include any

20  combination of the following: background information, list of components and their
availability information (purchase information, etc.), brief or detailed protocols for
using the kit, trouble-shooting, references, technical support, and any other related
documents. Instructions can be supplied with the kit or as a separate member
component, either as a paper form or an electronic form which may be supplied on

25  computer readable memory device or downloaded from an internet website, or as
recorded presentation. Instructions can comprise one or multiple documents, and are

meant to include future updates.

“Kit” as used herein means a collection of at least two components

constituting the kit. Together, the components constitute a functional unit for a

-10 -
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given purpose. Individual member components may be physically packaged together
or separately. For example, a kit comprising an instruction for using the kit may or
may not physically include the instruction with other individual member
components. Instead, the instruction can be supplied as a separate member
component, either in a paper form or an electronic form which may be supplied on
computer readable memory device or downloaded from an internet website, or as

recorded presentation.

As used herein, the term ‘RNAI1 construct’ is a generic term including small
interfering RNAs (siRNAs), hairpin RNAs, and other RNA species which can be
cleaved in vivo to form siRNAs. RNAI constructs herein also include expression
vectors (also referred to as RNAI expression vectors) capable of giving rise to
transcripts which form dsRNAs or hairpin RNAs in cells, and/or transcripts which

can produce siRNAs in vivo.

An ‘effective amount’ of a subject compound, with respect to the subject
method of treatment, refers to an amount of the therapeutic in a preparation which,
when applied as part of a desired dosage regimen provides a benefit according to
clinically acceptable standards tor the treatment or prophylaxis of a particular

disorder.

‘Patients’ or ‘subjects’ to be treated by the subject method are animals,

preferably mammals, including humans.

The term "prophylactic or therapeutic"” treatment is art-recognized and
includes 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 is
prophylactic, 1.e., it protects the host against developing the unwanted condition,
whereas if 1t 1s administered after manifestation of the unwanted condition, the
treatment is therapeutic, (i.e., it is intended to diminish, ameliorate, or stabilize the

existing unwanted condition or side effects thereof).

-11 -
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The term "preventing" is art-recognized, and when used in relation to a
condition, such as a local recurrence (e.g., pain), a disease such as cancer, a
syndrome complex such as heart failure or any other medical condition, is well
understood in the art, and includes administration of a composition which reduces
5 the frequency of, or delays the onset of, symptoms of a medical condition in a
subject relative to a subject which does not receive the composition. Thus,
prevention of cancer includes, for example, reducing the number of detectable
cancerous growths in a population of patients receiving a prophylactic treatment
relative to an untreated control population, and/or delaying the appearance of
10 detectable cancerous growths in a treated population versus an untreated control
population, e.g., by a statistically and/or clinically significant amount. Prevention of
an infection includes, for example, reducing the number of diagnoses of the infection
in a treated population versus an untreated control population, and/or delaying the
onset of symptoms of the infection in a treated population versus an untreated
15 control population. Prevention of pain includes, for example, reducing the frequency
of, or alternatively delaying, pain sensations experienced by subjects in a treated

population versus an untreated control population.

As used herein, the terms "therapeutic agent” include any synthetic or

naturally occurring biologically active compound or composition of matter which,

20  when administered to an organism (human or nonhuman animal), induces a desired
pharmacologic, immunogenic, and/or physiologic effect by local and/or systemic
action. The term theretore encompasses those compounds or chemicals traditionally
regarded as drugs, vaccines, and biopharmaceuticals including molecules such as
proteins, peptides, hormones, nucleic acids, gene constructs and the like. More

25  particularly, the term "therapeutic agent” includes compounds or compositions for
use in all of the major therapeutic areas including, but not limited to, adjuvants; anti-
infectives such as antibiotics and antiviral agents; analgesics and analgesic
combinations, anorexics, anti-inflammatory agents, anti-epileptics, local and general
anesthetics, hypnotics, sedatives, antipsychotic agents, neuroleptic agents,

30 antidepressants, anxiolytics, antagonists, neuron blocking agents, anticholinergic and

cholinomimetic agents, antimuscarinic and muscarinic agents, antiadrenergics,

- 12 -
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antiarrhythmics, antihypertensive agents, hormones, and nutrients, antiarthritics,
antiasthmatic agents, anticonvulsants, antihistamines, antinauseants, antineoplastics,
antipruritics, antipyretics; antispasmodics, cardiovascular preparations (including
calcium channel blockers, beta-blockers, beta-agonists and antiarrythmics),
antihypertensives, diuretics, vasodilators; central nervous system stimulants; cough
and cold preparations; decongestants; diagnostics; hormones; bone growth
stimulants and bone resorption inhibitors; immunosuppressives; muscle relaxants;
psychostimulants; sedatives; tranquilizers; proteins, peptides, and fragments thereof
(whether naturally occurring, chemically synthesized or recombinantly produced);
and nucleic acid molecules (polymeric forms of two or more nucleotides, either
ribonucleotides (RNA) or deoxyribonucleotides (DNA) including both double- and
single-stranded molecules, gene constructs, expression vectors, antisense molecules
and the like), small molecules (e.g., doxorubicin) and other biologically active
macromolecules such as, for example, proteins and enzymes. The agent may be a
biologically active agent used in medical, including veterinary, applications and in
agriculture, such as with plants, as well as other areas. The term therapeutic agent
also includes without limitation, medicaments; vitamins; mineral supplements;
substances used for the treatment, prevention, diagnosis, cure or mitigation of
disease or illness; or 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 in a predetermined physiological environment.

The term “‘therapeutic index” refers to the therapeutic index of a drug defined

aS LD50/ED50.

"Acyl’ refers to a group suitable for acylating a nitrogen atom to form an
amide or carbamate, a carbon atom to form a ketone, a sulfur atom to form a
thioester, or an oxygen atom to form an ester group, €.g., a hydrocarbon attached to a
-C(=0)- moiety. Preferred acyl groups include benzoyl, acetyl, tert-butyl acetyl,
pivaloyl, and trifluoroacetyl. More preferred acyl groups include acetyl and benzoyl.

The most preferred acyl group is acetyl.
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The term ‘acylamino’ is art-recognized and preferably refers to a moiety that

can be represented by the general formula:

R'41
O

wherein Ry and R’; each independently represent hydrogen or a hydrocarbon
5  substituent, such as alkyl, heteroalkyl, aryl, heteroaryl, carbocyclic aliphatic, and

heterocyclic aliphatic.

The terms ‘amine’ and ‘amino’ are art-recognized and refer to both
unsubstituted and substituted amines as well as ammonium salts, e.g., as can be

represented by the general formula:

Rq R10
/ -
—_—N or —N/ 10
\ \
10 " Ro

wherein Rg, R0, and R’ ;o each independently represent hydrogen or a hydrocarbon

substituent, or Rg and R taken together with the N atom to which they are attached
complete a heterocycle having from 4 to 8 atoms in the ring structure. In preferred
embodiments, none of Rg, Ryo, and R’jg is acyl, e.g., Ro, R0, and R’ are selected
15  from hydrogen, alkyl, heteroalkyl, aryl, heteroaryl, carbocyclic aliphatic, and
heterocyclic aliphatic. The term ‘alkylamine’ as used herein means an amine group,
as defined above, having at least one substituted or unsubstituted alkyl attached
thereto. Amino groups that are positively charged (e.g., R’)¢ 1s present) are referred
to as ‘ammonium’ groups. In amino groups other than ammonium groups, the amine

20  is preferably basic, e.g., its conjugate acid has a pK, above 7.

The terms ‘amido’ and ‘amide’ are art-recognized as an amino-substituted

carbonyl, such as a moiety that can be represented by the general formula:
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wherein Rg and Rgare as defined above. In certain embodiments, the amide will

include imides.

"‘Alkyl’ refers to a saturated or unsaturated hydrocarbon chain having 1 to 18
carbon atoms, preferably 1 to 12, more preferably 1 to 6, more preferably still 1 to 4
carbon atoms. Alkyl chains may be straight (e.g., n-butyl) or branched (e.g., sec-
butyl, isobutyl, or ¢-butyl). Preferred branched alkyls have one or two branches,
preferably one branch. Preferred alkyls are saturated. Unsaturated alkyls have one or
more double bonds and/or one or more triple bonds. Preferred unsaturated alkyls
have one or two double bonds or one triple bond, more preferably one double bond.
Alkyl chains may be unsubstituted or substituted with from 1 to 4 substituents.
Preferred alkyls are unsubstituted. Preferred substituted alkyls are mono-, di-, or
trisubstituted. Preferred alkyl substituents include halo, haloalkyl, hydroxy, aryl
(e.g., phenyl, tolyl, alkoxyphenyl, alkyloxycarbonylphenyl, halophenyl),

heterocyclyl, and heteroaryl.

The terms “alkeny!’ and “alkynyl’ 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. When not otherwise
indicated, the terms alkenyl and alkynyl preferably refer to lower alkenyl and lower
alkynyl groups, respectively. When the term alkyl is present in a list with the terms
alkenyl and alkynyl, the term alkyl refers to saturated alkyls exclusive of alkenyls

and alkynyls.

The terms ‘alkoxyl’ and ‘alkoxy’ as used herein refer to an -O-alkyl group.
Representative alkoxyl groups include methoxy, ethoxy, propyloxy, tert-butoxy, and
the like. An ‘ether’ is two hydrocarbons covalently linked by an oxygen.

Accordingly, the substituent of a hydrocarbon that renders that hydrocarbon an ether
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can be an alkoxyl, or another moiety such as -O-aryl, -O-heteroaryl, -O-heteroalkyl, -

O-aralkyl, -O-heteroaralkyl, -O-carbocylic aliphatic, or -O-heterocyclic aliphatic.

The term ‘alkylthio’ refers to an -S-alkyl group. Representative alkylthio
groups include methylthio, ethylthio, and the like. ‘Thioether’ refers to a sulfur atom
bound to two hydrocarbon substituents, e.g., an ether wherein the oxygen is replaced
by sulfur. Thus, a thioether substituent on a carbon atom refers to a hydrocarbon-

substituted sulfur atom substituent, such as alkylthio or arylthio, etc.

The term ‘aralkyl’, as used herein, refers to an alkyl group substituted with an

aryl group.

"Aryl ring’ refers to an aromatic hydrocarbon ring system. Aromatic rings are
monocyclic or fused bicyclic ring systems, such as phenyl, naphthyl, etc. Monocyclic
aromatic rings contain from about 5 to about 10 carbon atoms, preferably from 5 to 7
carbon atoms, and most preferably from 5 to 6 carbon atoms in the ring. Bicyclic
aromatic rings contain from 8 to 12 carbon atoms, preferably 9 or 10 carbon atoms in
the ring. The term “aryl’ also includes bicyclic ring systems wherein only one of the
rings 1s aromatic, €.g., the other ring is cycloalkyl, cycloalkenyl, or heterocyclyl.
Aromatic rings may be unsubstituted or substituted with from 1 to about 5
substituents on the ring. Preferred aromatic ring substituents include: halo, cyano,
lower alkyl, heteroalkyl, haloalkyl, phenyl, phenoxy, or any combination thereof.

More preferred substituents include lower alkyl, cyano, halo, and haloalkyl.

‘Carbocyclic aliphatic ring’ refers to a saturated or unsaturated hydrocarbon
ring. Carbocyclic aliphatic rings are not aromatic. Carbocyclic aliphatic rings are
monocyclic, or are fused, spiro, or bridged bicyclic ring systems. Monocyclic
carbocyclic aliphatic rings contain from about 4 to about 10 carbon atoms, preferably
from 4 to 7 carbon atoms, and most preferably from 5 to 6 carbon atoms in the ring.
Bicyclic carbocyclic aliphatic rings contain from 8 to 12 carbon atoms, preferably
from 9 to 1 0 carbon atoms in the ring. Carbocyclic aliphatic rings may be
unsubstituted or substituted with from 1 to 4 substituents on the ring. Preferred

carbocyclic aliphatic ring substituents include halo, cyano, alkyl, heteroalkyl,
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haloalkyl, phenyl, phenoxy or any combination thereof. More preferred substituents
include halo and haloalkyl. Preferred carbocyclic aliphatic rings include cyclopentyl,
cyclohexyl, cyclohexenyl, cycloheptyl, and cyclooctyl. More preferred carbocyclic

aliphatic rings include cyclohexyl, cycloheptyl, and cyclooctyl.

5 The term ‘carbonyl’ is art-recognized and includes such moieties as can be

represented by the general formula:

O O

XR11 Or YR'H

X

wherein X 1s a bond or represents an oxygen or a sulfur, and R;; represents a
hydrogen, hydrocarbon substituent, or a pharmaceutically acceptable salt, Ry,

10  represents a hydrogen or hydrocarbon substituent. Where X is an oxygen and Ry or
Ry1> 1s not hydrogen, the formula represents an “ester’. Where X is an oxygen, and
Ry 1s as defined above, the moiety is referred to herein as a carboxyl group, and
particularly when R, 1s a hydrogen, the formula represents a ‘carboxylic acid’.
Where X is an oxygen, and R;;- is hydrogen, the formula represents a ‘formate’. In

15  general, where the oxygen atom of the above formula is replaced by sulfur, the

formula represents a “thiocarbonyl” group. Where X is a sulfur and R |, or Ry is not

hydrogen, the formula represents a ‘thioester.” Where X is a sulfur and Ry, is
hydrogen, the formula represents a ‘thiocarboxylic acid.” Where X is a sulfur and
R;> 1s hydrogen, the formula represents a ‘thioformate.” On the other hand, where X
20  1sabond, R;; 1s not hydrogen, and the carbonyl is bound to a hydrocarbon, the above
formula represents a ‘ketone’ group. Where X is a bond, R;; is hydrogen, and the
carbonyl 1s bound to a hydrocarbon, the above formula represents an ‘aldehyde’ or

‘formyl’ group.

‘Ci alkyl’ 1s an alkyl chain having 1 member atoms. For example, C4 alkyls
25  contain four carbon member atoms. C4 alkyls containing may be saturated or
unsaturated with one or two double bonds (cis or trans) or one triple bond. Preferred

C4 alkyls are saturated. Preferred unsaturated C4 alkyl have one double bond. C4
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alkyl may be unsubstituted or substituted with one or two substituents, Preferred

substituents include lower alkyl, lower heteroalkyl, cyano, halo, and haloalkyl.

‘Halogen’ refers to fluoro, chloro, bromo, or iodo substituents. Preferred

halo are fluoro, chloro and bromo; more preferred are chloro and fluoro.

5 ‘Haloalkyl’ refers to a straight, branched, or cyclic hydrocarbon substituted
with one or more halo substituents. Preferred haloalkyl are C1-C12; more preferred
are C1-C6; more preferred still are C1-C3. Preferred halo substituents are fluoro and

chloro. The most preferred haloalkyl 1s trifluoromethyl.

‘Heteroalkyl’ is a saturated or unsaturated chain of carbon atoms and at least
10 one heteroatom, wherein no two heteroatoms are adjacent. Heteroalkyl chains
contain from 1 to 18 member atoms (carbon and heteroatoms) in the chain,
preferably 1 to 12, more preferably 1 to 6, more preferably still 1 to 4. Heteroalkyl
chains may be straight or branched. Preferred branched heteroalkyl have one or two
branches, preferably one branch. Preferred heteroalkyl are saturated. Unsaturated
15  heteroalkyl have one or more double bonds and/or one or more triple bonds. Prefer-
red unsaturated heteroalkyl have one or two double bonds or one triple bond, more
preferably one double bond. Heteroalkyl chains may be unsubstituted or substituted
with from 1 to about 4 substituents unless otherwise specified. Preferred heteroalkyl
are unsubstituted. Preferred heteroalkyl substituents include halo, aryl (e.g., phenyl,
20  tolyl, alkoxyphenyl, alkoxycarbonylphenyl, halophenyl), heterocyclyl, heteroaryl.
For example, alkyl chains substituted with the following substituents are heteroalkyl:
alkoxy (e.g., methoxy, ethoxy, propoxy, butoxy, pentoxy), aryloxy (e.g., phenoxy,
chlorophenoxy, tolyloxy, methoxyphenoxy, benzyloxy, alkoxycarbonylphenoxy,
acyloxyphenoxy), acyloxy (e.g., propionyloxy, benzoyloxy, acetoxy), carbamoyloxy,
25  carboxy, mercapto, alkylthio, acylthio, arylthio (e.g., phenylthio, chlorophenylthio,
alkylphenylthio, alkoxyphenylthio, benzylthio, alkoxycarbonylphenylthio), amino
(e.g., amino, mono- and di-C1-C3 alkylamino, methylphenylamino,

methylbenzylamino, C1-C3 alkylamido, carbamamido, ureido, guanidino).
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‘Heteroatom’ refers to a multivalent non-carbon atom, such as a boron,
phosphorous, silicon, nitrogen, sulfur, or oxygen atom, preferably a nitrogen, sulfur,
or oxygen atom. Groups containing more than one heteroatom may contain difterent

heteroatoms.

5 ‘Heteroaryl ring’ refers to an aromatic ring system containing carbon and

from 1 to about 4 heteroatoms in the ring. Heteroaromatic rings are monocyclic or
fused bicyclic ring systems. Monocyclic heteroaromatic rings contain from about 5
to about 10 member atoms (carbon and heteroatoms), preterably from 5 to 7, and
most preferably from 5 to 6 in the ring. Bicyclic heteroaromatic rings contain from 8

10  to 12 member atoms, preferably 9 or 10 member atoms in the ring. The term
‘heteroaryl’ also includes bicyclic ring systems wherein only one of the rings is
aromatic, €.g., the other ring is cycloalkyl, cycloalkenyl, or heterocyclyl.
Heteroaromatic rings may be unsubstituted or substituted with from 1 to about 4
substituents on the ring. Preferred heteroaromatic ring substituents include halo,

15  cyano, lower alkyl, heteroalkyl, haloalkyl, phenyl, phenoxy or any combination
thereof. Preferred heteroaromatic rings include thienyl, thiazolyl, oxazolyl, pyrrolyl,
purinyl, pyrimidyl, pyridyl, and furanyl. More preferred heteroaromatic rings include

thienyl, furanyl, and pyridyl.

‘Heterocyclic aliphatic ring’ 1s a non-aromatic saturated or unsaturated ring
20  containing carbon and from 1 to about 4 heteroatoms in the ring, wherein no two
heteroatoms are adjacent in the ring and preferably no carbon in the ring attached to
a heteroatom also has a hydroxyl, amino, or thiol group attached to it. Heterocyclic
aliphatic rings are monocyclic, or are fused or bridged bicyclic ring systems.
Monocyclic heterocyclic aliphatic rings contain from about 4 to about 10 member
25  atoms (carbon and heteroatoms), prefe<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>