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COMPOSITIONS AND METHODS COMPRISING A TRIARYL
POLYAMINE

CROSS-REFERENCES TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Provisional Application No. 62/482,106
(filed April 5, 2017). This application 1s incorporated by reference in its entirety for all

purposes.

STATEMENT AS TO RIGHTS TO INVENTIONS MADE UNDER
FEDERALLY SPONSORED RESEARCH AND DEVELOPMENT
[0002] Part of the work leading to this invention was carried out with U.S. Government
support provided by the Henry M. Jackson Foundation for the Advancement of Military
Medicine (Grant No. HUO001-15-2-0003) and the Veterans Affairs Medical Center (Grant
No. 1101RX002287-01). The U.S. Government therefore has certain rights in this invention.

FIELD OF THE INVENTION
[0003] The present invention 1s directed to triaryl polyamine compounds, compositions,
and methods, which preferably have antimicrobial or dispersing activity against a variety of
bacterial strains capable of forming biofilms. Various aspects and embodiments relate
generally to triaryl polyamine compounds and to methods of preparing or using such

compounds.

BACKGROUND OF THE INVENTION
[0004] Antimicrobial compounds, such as traditional antibiotics, have the ability to kill or
to retard the growth of bacteria, fungi, and other microorganisms. Some antimicrobial
compounds also are effective against viruses. Antimicrobial compounds are used 1n a wide
variety of clinical settings, industrial applications, food production facilities and
environmental applications all across the globe 1n an effort to reduce the risk of, for example,

bacterial colonization and development of disease 1n people.

[000S] Traditional antibiotics are primarily derivatives or synthetic mimics of natural
compounds secreted by bacteria, plants, or fungi. These compounds typically have very
specific methods of action against a cell wall/membrane component of bacteria, or an
enzyme/protein 1n a metabolic pathway. Examples of traditional antibiotics on the market
include penicillin, oxacillin, vancomycin, gentamicin, rifampicin and amoxicillin, among

others.
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[0006] Because bacteria have the ability to develop resistance genes to these antibiotics as
a result of genetic mutations or acquired defense mechanisms that target the specific activity
of the antibiotics, bacteria typically have the ability to develop resistance to traditional
antibiotics. Increasingly more prevalent bacterial resistance has made traditional antibiotics to

become less and less effective 1n a variety of applications.

[0007] Bacterial resistance to antibiotics represents one of the most underappreciated

threats to modern society. See Zhang et al., Antibiotic resistance as a global threat: Evidence

from China, Kuwait and the United States, Global Health 2, 6 (2006). Currently, more than

90% of clinical 1solates of Staphylococcus aureus display resistance to penicillin. See
Balaban et al., Control of Biofilm Infections by Signal Manipulation, Ch. 1, 1-11 (Springer,
2008). Recent reports have even indicated that bacteria in natural ecosystems metabolize
antibiotics as an energy source. See Leslie, Germs Take a Bite Out of Antibiotics, Science
320, 33 (2008). The trend of bacterial resistance continues to increase as indicated by almost
daily scientific publications and world news reports of antibiotic resistant superbugs such as
carbapenem-resistant Enterobacteriacea, vancomycin-resistant Enterococci, multidrug-
resistant Pseudomonas aeruginosa and methicillin-resistant Staphylococcus aureus (MRSA).
See, e.g., FoxNews.com. Furope in the Grip of Drug-Resistant Superbugs (2011); Melnick,
M., TIME (2010); Anas et al., The rise of the Enterococcus: beyond vancomycin resistance,
Nat Rev Microbiol 10, 266-278 (2012); Jain, R. et al., Veterans affairs initiative to prevent
methicillin-resistant Staphylococcus aureus infections, N Engl ] Med 364, 1419-1430 (2011);
Nordmann et al., 1he real threat of Klebsiella pneumoniae carbapenemase-producing
bacteria, Lancet Infect Di1s 9, 228-236 (2009); Aloush et al., Multidrug-resistant

Pseudomonas aeruginosa: risk factors and clinical impact, Antimicrob Agents Chem 50, 43-

48 (2006).

[0008] Biofilm-impaired wounds and antibiotic resistance constitute significant concerns to
military and civilian healthcare organizations worldwide. Multiple reports from Operation
Iraqi Freedom/Operation Enduring Freedom have indicated that multidrug-resistant bacteria
and antibiotic resistance constitute one of the most disconcerting aspects of military theater
treatment. See, e.g., Calhoun et al., Multidrug-resistant Organisms in Military Wounds from
Iraq and Afghanistan, Clinical Orthopaedics and Related Research 466, 1356-1362 (2008);
Murray et al., Bacteriology of War Wounds at the Time of Injury, Military Medicine 171,
826-829 (2006); Hujer et al., Analysis of Antibiotic Resistance Genes in Multidrug-Resistant

Acinetobacter sp. Isolates from Military and Civilian Patients Treated at the Walter Reed
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Army Medical Center, Antmicrobial Agents and Chemotherapy 50, 4114-4123 (2006). A.

baumannii 1s a common complicating organism 1n wounded warriors returning from current
conflicts 1n Iraq and Afghanistan that 1s well-known for its biofilm forming nature. Its
multidrug-resistant characteristic has made 1t difficult to treat 1in injured soldiers, has led to
delayed wound healing and many other complications. Limited therapeutic options exist for

this organism.

[0009] Multiple factors contribute to bacterial cells’ ability to resist the effects of
antibiotics. See, e.g., Morita et al., Antibiotic Inducibility of the Mex XY Multidrug Efflux
System of Pseudomonas aeruginosa: Involvement of the Antibiotic-Inducible PA5471 Gene
Product, Journal of Bacteriology 188, 1847-1855 (2006); Tran et al., Heat-Shock Protein
ClplL/HSP 100 Increases Penicillin Tolerance in Streptococcus pneumoniae, Advances in
Oto-rhino-laryngology 72, 126-128 (2011); Livorsi et al., Virulence Factors of Gram-
Negative Bacteria in Sepsis With a Focus on Neisseria meningitidis, Contributions to
Microbiology 17, 31-47 (2011); Nostro, et al., Specific lon Effects on the Growth Rates of
Staphylococus aureus and Pseudomonas aeruginosa, Physical Biology 2, 1-7 (2005).
Amongst these factors 1s the ability of bacteria to develop a biofilm. See, e.g., Costerton et
al., How bacteria stick, Sc1 Am 238, 86-95 (1978); Lawrence et al., Opftical sectioning of
microbial biofilms, J Bacteriol 173, 6558-6567 (1991); ZoBell, The Effect of Solid Surfaces
upon Bacterial Activity, Journal of Bacteriology 46, 39-56 (1943). Biofilms have unique
characteristics that allow them to withstand, or defend themselves against a variety of

perturbations including exposure to antibiotics.

[0010] Biofilms are surface-attached communities of bacteria, often polymicrobial, that
produce a slimy, extracellular polysaccharide substance (EPS) that encapsulates them. The
EPS provides protection, Leid et al., 7he Exopolysacharide Alginate Protects Pseudomonas
aeruginosa Biofilm Bacteria from [IFN-y-Mediated Macrophage Killing, The Journal of
Immunology 175, 7512-7518 (2005), as well as a reserve of nutrients, water and trace
elements to sustain life. Costerton et al., 7he Bacterial Glycocalyx in Nature and Disease,
Annual Review of Microbiology 35, 299-324 (1981). Biofilms are the predominant
phenotype of bacteria in natural ecosystems. Gram-negative bacteria, Gram-positive bacteria,

and mycobacteria, 1n addition to other unicellular organisms, can produce biofilms.

[0011] Within the biofilm community, bacteria may have several methods of defending

themselves against the biocidal effects of antibiotics. First, they have strength in numbers.
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Biofilms may contain millions or trillions of cells in a very small volume. Second, bacteria in
a biofilm have the ability to rapidly transfer genetic material, such as plasmids, that
specifically code for the production of molecules that protect them against antibiotics. Lujan
et al., Disrupting Antibiotic Resistance Propagation by Inhibiting the Conjugative DNA
Relaxase, PNAS 104, 12282-12287 (2007); Lederberg et al., Gene Recombination in
Lischerichia coli. Nature 158, 529-564 (1946). Rates of plasmid transfer in biofilms have
been shown to be much higher than amongst planktonic bacteria, which are free-floating in
an environment. Hausner et al., High Rates of Conjugation in Bacterial Biofilms as
Determined by Quantitative In Situ Analysis, Applied and Environmental Microbiology 65,
3710-3713 (1999). Third, as a biofilm community matures, 1t creates an oxygen gradient such
that an oxygen-rich environment exists on the outer edges of a biofilm, whereas an oxygen-
deprived, or anaerobic, area exists in the deepest portions of a biofilm. Walters et al
Contributions of Antibiotic Penetration, Oxygen Limitation, and Low Metabolic Activity to
lolerance of Pseudomonas aeruginosa biofilms to Ciprofloxacin and Tobramycin,
Antimicrobial Agents and Chemotherapy 47, 317-323 (2003); Borriello et al., Oxygen
Limitation Contributes to Antibiotic Tolerance of Pseudomonas aeruginosa in Biofilms,
Antimicrobial Agents and Chemotherapy 48, 2659-2664 (2004). This may result in reduced
metabolic activity in those cells that dwell 1n the interior of the biofilm. Importantly,
traditional antibiotics are typically effective against bacterial cells that are rapidly dividing,
1.e., 1n a logarithmic phase of growth. Mandell, /nteraction of Intraleukocytic Bacteria and
Antibiotics, The Journal of Clinical Investigation 52, 1673-1673 (1973); Gilbert et al .,
Influence of Growth Rate on Susceptibility to Antimicrobial Agents: Biofilms, Cell Cycle,
Dormancy, and Stringent Response, Antimicrobial Agents and Chemotherapy 34, 1865-1868
(1990). Fourth, 1n a mature biofilm, water channels form throughout the community.
Stoodley et al., Liquid flow in biofilm systems, App Env Microbiol 60, 2711-2716 (1994).
These water channels have the ability to diffuse, remove or prevent toxic byproducts as well
as antibiotics from interacting with cells 1n the biofilm. For novel antimicrobial agents to be
effective over the long term, addressing each of these four characteristics may increase the
potential for success 1n a variety of applications including healthcare, industrial,
environmental, agricultural and sanitation industries. Furthermore, biofilms tend to secrete
proteoglycan materials that create an extracellular matrix, which has the ability to potentially
bind and hinder the activity of antibiotics. These conditions reduce the efficacy of traditional

antibiotic agents, rendering them up to 1,000x less active against biofilms.
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[0012] Alternative approaches to killing bacteria include the use of antimicrobial agents
that have fast-acting and nonspecific mode of activity against the cell membrane of bacteria.
These alternate compounds include detergents, squalamine, quaternary ammonium
compounds, and naturally occurring antimicrobial peptides, among others. By attacking and
depolarizing the cell membrane 1n a nonspecific fashion at a faster rate, agents that attack the
cell membrane globally can kill bacteria before they have time to upregulate their defense
mechanisms. In addition, modes of action of these alternate antimicrobials are not limited to a

specific protein or enzyme within a metabolic pathway.

[0013] A hallmark of biofilm exopolysaccharides 1s the presentation of acidic residues
from repeated glucoronic acid motifs and pyruvate derived acetals. Losick et al. have
demonstrated that the simple polyamines spermine and norspermidine were naturally
occurring inhibitors of biofilm formation, endogenously produced at high concentrations (50-
80 uM) 1n response to nutrient limiting conditions and waste accumulation 1n mature pellicles
(Kolodkin-Gal, I. et al., A self-produced trigger for biofilm disassemby that targets
exopolysaccharide. Cell 149 (2012)). In this study, they were able to demonstrate that
norspermidine could 1inhibit biofilm formation at 25 uM and showed that, at similar
concentrations, 1t could disperse the exopolysaccharide component of the matrix but not the
protein component. Interestingly, spermidine was only active at much higher concentrations
(~1 mM) leading them to propose a rationale for this activity in the ability of the polyamines

to engage the acidic residues in the matrix at regular intervals.

[0014] However, as important as it 1s to kill bacteria and prevent their ability to cause
infections 1n humans or animals, or contaminate unwanted processes in industrial,
agricultural or environmental applications, when bacteria are attached to a surface, 1t
sometimes may be more beneficial to not only kill bacteria, but also to cause them to “fall
off” of a surface as well, e.g. disperse or dislodge bacteria 1in a biofilm community. In some
aspects, the present invention provides compounds, compositions, and methods that have
shown the ability to disperse or dislodge bacterial cells in a biofilm, such that the cells are no
longer able to reattach and form new biofilm communities, and, notably, the same

compounds, compositions, and methods kill substantially all bacteria cells 1n a biofilm.

[0015] By dispersing a biofilm and killing the cells within 1t, at least two benefits are
provided. This may be particularly important when considering the fact that although bacteria

1n a biofilm, which may be attached to a surface, can be killed by an antimicrobial agent, the
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dead cells and extracellular matrix residues may provide an attachment point for viable
bacteria to re-adhere and form a biofilm once again with greater atfinity. If biofilms are
dispersed and killed, viable bacteria that are introduced to a surface will have reduced ability
to preferentially adhere to that area. This can be particularly important 1n industnal
applications wherein the formation of biofilms on a surface can be problematic, as well as

medical applications wherein bacteria may adhere to the surface of a medical device.

[0016] Thus, there 1s a need for novel compounds, compositions, and methods that have
potent anttmicrobial and anti-biofilm activity against a variety of bacterial strains, especially
at high bacterial concentrations and against antibiotic-resistant bacteria. In an era of reduced
antibiotic efficacy, the development of a new class of antibiofilm agent that 1s active against
A. baumannii and other organisms 1s important. The addition of a topical therapy that can be
used 1n conjunction with and improve standards of care would be advantageous, and 1t
potentially could address current clinical limitations 1n the management of biofilm wound-

related infections.

BRIEF SUMMARY OF THE INVENTION
[0017] It1s an object of the present invention to provide novel compounds, compositions,
and methods having antimicrobial activity and dispersing activity against a wide variety of
bacterial strains capable of forming biofilms. In some preferred aspects, the invention
provides compounds, compositions, and methods that are effective against antibiotic-resistant

bacterial biofilms.

[0018] It has been discovered that compounds, compositions, and methods of the present
invention rapidly disperse biofilms and kill microorganisms such as bacteria, so that the
microorganisms do not have an opportunity to upregulate their defense mechanisms. Thus,
there may be a reduced risk of bacteria developing resistance to the compounds,
compositions, and methods of the present invention. Furthermore, such compounds,
compositions, and methods may not be limited to eradicating bacteria that are 1n log-phase
orowth. The ability of compounds, compositions, and methods of the present invention to
disperse biofilms while demonstrating antimicrobial activity may address many of the
characteristics that make biofilm communities difficult to treat using traditional antibiotics.
More specifically, by dispersing and killing bacteria in a biofilm, water channels and the

bacterial community as a whole may be broken apart, allowing for broader distribution of
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antimicrobial agent(s) to a greater number, or even substantially all, of the cells within a

biofilm.

[0019] Aspects of this disclosure feature methods of killing, dispersing, dislodging,

treating, and reducing biofilms as well as preventing or inhibiting biofilm formation. In some
5 embodiments, the method comprises exposing a biofilm to an effective amount of a

composition of the present invention to thereby kill, disperse, dislodge, treat, reduce, prevent,

or 1nhibit bacterial biofilms.

[0020] In some aspects, the compounds, compositions, and methods of the present
invention have significant potential to eradicate bacteria within a biofilm as well as cause the

10  biofilm to disperse or dislodge, resulting 1n a variety of potential applications across multiple
settings. The inventive compounds, compositions, and methods could reduce the risk of
antibiotic resistance development that 1s common with traditional antibiotics, and they could
also provide a targeted class of compounds against biofilms. In some aspects, they are

effective 1n treating or preventing biofilm-impaired wounds that are caused by well-

15  established biofilms.

[0021] In some embodiments, the present invention provides a triaryl polyamine

compound.

[0022] In some embodiments, the present invention provides a compound compound

selected from the group including an A ring

20 A and a salt thereof:
wherein:
each A'"° ring member A', A%, A°, A*, A°, and A° is independently selected from the
group including N, CRY, CR? and CR"; or, alternatively, a pair of adjacent A ring members
join to form an independently selected aryl, cycloalkyl, heterocyclyl, or heterocycloaryl B
25  ring that is fused with the A'*° ring at the pair’s adjacent A'*° ring positions;

wherein two of the A ring members are each an independently selected CR®;

each R'is an independently selected A’ ring



CA 03058813 2015-10-01

WO 2018/187615 PCT/US2018/026320

A7:A8\
% —<\ //A9
A1 1_A1 0

each A”"'! ring member A7, A%, A”, A and A'! is independently selected from the
group including N, CRY, CR? and CRP"; or, alternatively, a pair of adjacent A’"!! ring members
join to form an independently selected aryl, cycloalkyl, heterocyclyl, or heterocycloaryl B
5  ring that is fused with the A”"!! ring at the pair’s adjacent A’""' ring positions;
wherein for each R!, one A”"!! ring member is an independently selected CR?;
each B! or B” ring, if present, is optionally substituted with up to one R? group and
with up to three independently selected R> groups;

each R*1s a member independently selected from the group including

R'3 1b — R 44
2a 1d 2a
§ < R R2b R Rze R RZb
21 RZC RZC
(<Rm)_%R2d A (<Rm)_%R2d

10 "R and "R .
each R R!® R! and R is a member independently selected from the group
including hydrogen, fluoro, alkyl, and fluoroalkyl; or, alternatively, an R'? and an R!® join to
form an oxo group;
each R* R?® R* R4 R* and R*' is a member independently selected from the
15  group including hydrogen, alkyl, fluoroalkyl, alkenyl, alkynyl, aryl, heteroaryl, arylalkyl, or
heteroarylalkyl; alternatively, a pair of R* members from the same R? group independently
selected from the group R?® and R*®, R*® and R*¢, and R*® and R*! join to form a member
independently selected from the group including spirocycloalkyl, spiroheterocycyl, and oxo;
or, alternatively, an R** and an R*® from the same R® group join to form a ring independently
20  selected from the group including cycloalkyl and heterocycyl;
each R™ is a member independently selected from the group including -CR**R?°-,
-CR*R*- -C(R**)=(R?®)-, -CC-, and -C(R**)(R?*®)-L-C(R**)(R*?)-;
each m 1s an integer independently selected from 1 to 20;
each L 1s a member independently selected from the group including a bond, -O-,
25  -C(0)0-, -NR*-, -NR*C(0)-, and -C(O)NR"-;
each R’ is a member independently selected from the group including -Z'-R*,

Z2-YRRY -ZL-YL-Y2RY and -Z2-Y-YA-Y°-R*:
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each R* is a member independently selected from the group including hydrogen,
alkyl, fluoroalkyl, alkenyl, alkynyl, aryl, cycloalkyl, heteroaryl, arylalkyl, cycloalkylalkyl,
and heteroarylalkyl; or, alternatively, for an -N(R*)2 group, one of the two R* in the group is a
member selected from the group including -(CO)OR®?-, -(CO)N(R®¥)(R®®), and
-C(NR*MN(R®®)R): or, alternatively, for an -N(R*)2 group, the two R* groups join to form a
heterocyclic ring;

each Y', Y*, and Y’ is an independently selected group of Formula IA:

each Z' and Z* is a member independently selected from the group including
-N(R"- and -O-; and

each R® is a member independently selected from hydrogen or an R”;

each R is a member independently selected from the group including alkyl, hydroxyl,
alkoxy, aminoalkoxy, alkylamino, alkylaminoalkoxy, alkenyl, alkynyl, aryl, aryloxy,
arylamino, cycloalkyl, cycloalkoxy, cycloalkylalkoxy, cycloalkylamino,
cycloalkylalkylamino, heterocyclyl, heterocycyloxy, heterocycylamino, halo, haloalkyl,
fluoroalkyloxy, heteroaryl, heteroaryloxy, heteroarylamino, arylalkyl, arylalkyloxy,
arylalkylamino, heteroarylalkyl, heteroarylalkyloxy, heteroarylalkylamino; hydroxyalkyl,
aminoalkyl, and alkylaminoalkyl;

each R® R and R%®is a member independently selected from the group including
hydrogen, alkyl, fluoroalkyl, alkenyl, alkynyl, aryl, heteroaryl, cycloalkyl, arylalkyl,
heteroarylalkyl, and cycloalkylalkyl; or, alternatively, two R®® members R®® and R®® or R
and R® join to form a heterocycyl ring;

wherein the polyamine compound comprises at least two primary or secondary amino

oroups.

[0023] In some embodiments, the present invention provides an antibacterial composition,
the composition comprising, consisting of, or consisting essentially of

a polyamine compound as set forth in any of the embodiments, aspects, or
combination of aspects herein; and

an exipient.
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[0024] In some embodiments, the present invention provides a method of 1inhibiting the
formation of a biofilm comprising, consisting of, or consisting essentially of the step of
administering a polyamine compound, or a composition comprising the polyamine
compound, as set forth 1n any of the embodiments, aspects, or combination of aspects herein;

thereby 1nhibiting incorporation of the planktonic bacteria into the biofilm.

[0025] In some embodiments, the present invention provides a method of enhancing wound
healing comprising, consisting of, or consisting essentially of the step of treating a patient
with a polyamine compound, or a composition comprising the polyamine compound, as set
forth 1in any of the embodiments, aspects, or combination of aspects herein, thereby

enhancing healing of a wound 1n the patient.

[0026] In some embodiments, the present invention provides a method of making a
polyamine compound, or a composition comprising, consisting essentially of, or consisting of
the polyamine compound, as set forth in any of the embodiments, aspects, or combination of

aspects herein.

[0027] In some embodiments, a method of the instant invention comprising a combination
of therapies, e.g., IV + topical, may provide advantages to treat or to prevent biofilm-related

infection.

[0028] These and other objects, aspects, and embodiments will become more apparent

when read with the following detailed description and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] Various embodiments and aspects of the present invention are shown and described
1n reference to the numbered drawings. The skilled artisan will understand, however, that the
inventions described below can be practiced without employing these specific details, or that
they can be used for purposes other than those described herein. Indeed, they can be modified
and can be used 1n conjunction with products and techniques known to those of skill in the art
1n light of the present disclosure. The drawings and descriptions are intended to be exemplary
of various aspects of the invention and are not intended to narrow the scope of the appended
claims. Furthermore, 1t will be appreciated that the drawings may show aspects of the
invention in 1solation and the elements 1n one figure may be used 1n conjunction with

elements shown 1n other figures.
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[0030] FIGS. 1A and 1B show materials from the wound healing study of Example 3. FIG.
1A shows the partial thickness wounds surgically created on a pig back. Bacteria were
inoculated 1n 50 ulL of PBS or on collagen plugs. FIG. 2B shows scanning electron

microscope (SEM) images of A. baumannii biofilms grown on the surface of a collagen plug.

[0031] FIG. 2A through FIG. 2D show methods and results from the wound healing study
of Example 3. FIG. 2A shows wound 1noculation with planktonic bacteria, while FIG. 2B
shows the results of planktonic wound infection. FIG. 2C shows wound 1inoculation with a

biofilm, while FIG. 2D shows the results of biofilm wound 1nfection.

[0032] FIG. 3 shows the wound closures rates from the planktonic inoculations of Example

3 with controls.

[0033] FIG. 4 shows the wound closures rates from the biofilm inoculations of Example 3

with controls.

[0034] FIG. 5 provides a schematic of each pig, inoculation patterns and antimicrobial
treatments that were given. Wounds on the left flank of each pi1g were inoculated with

planktonic bacteria and wounds on the right flank of each pig were inoculated with well-
established biofilms. Wounds were divided into 2-4 sections on each pig back with n = 8

wounds/section.

[003S] FIG. 6 provides representative images of infected wounds 3-4 days after surgery.
Wounds 1inoculated with planktonic bacteria are shown in the left panel. Wounds inoculated
with well-established biofilms are shown 1n the right panel. In Pig 1 (right panel), wounds are
shown that had been lightly cleansed of discharge and inoculated with fresh collagen plugs on
which biofilms were grown. Pig 2 had noticeably more redness develop around wound
borders with biofilm versus planktonic bacteria inocula. The wounds of P1g 3 and 4
demonstrate the noticeable amount of purulence 1n biofilm wounds compared to planktonic

wounds, which predominantly had serous discharge.

[0036] FIG. 7 provides measurements of planktonic bacteria-inoculated wounds over the
course of the monitoring period. Each section of a pig back and its treatment regimen (see
FIG. 5) 1s represented 1individually and in comparison on a collective graph. Data showed that
wounds treated with IV antibiotics closed at the slowest rate. Wound diameters in Pigs 1, 2 &

4 varied slightly from Weeks 1 to 3, but were similar by the endpoint.

11



10

15

20

25

30

CA 03058813 2015-10-01

WO 2018/187615 PCT/US2018/026320

[0037] FIG. 8 provides measurements of biofilm-inoculated wounds over the course of the
monitoring period. Each section of a p1g back and its treatment regimen (see FIG. 5) 1s
represented individually and 1n comparison on a collective graph. Similar to planktonic
wounds, data showed that wounds treated with IV antibiotics closed at the slowest rate.
Wound diameters in Pigs 1, 2 & 4 varied slightly from Weeks 1 to 3, but were similar by the

endpoint.

[0038] It will be appreciated that the drawings are illustrative and not limiting of the scope
of the invention, which 1s defined by the appended claims. The embodiments shown
accomplish various aspects and objects of the invention; however, 1t will be understood that
other aspects, features or modifications may be within the scope of the appended claims. It 1s
appreciated that 1t 1s not possible to clearly show each element and aspect of the invention 1n
a single figure, and as such, multiple figures are presented to separately illustrate various
details of the invention 1n greater clarity. Similarly, not every embodiment need accomplish

all advantages of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0039] It will be appreciated that reference throughout this specification to aspects,
features, advantages, or similar language does not imply that all of the aspects and advantages
that may be realized with the present invention should be or are 1n any single embodiment of
the invention. Rather, language referring to the aspects and advantages 1s understood to mean
that a specific aspect, feature, advantage, or characteristic described 1n connection with an

embodiment 1s included 1n at least one embodiment of the present invention. Thus, discussion
of the aspects and advantages, and similar language, throughout this specification may, but

does not necessarily, refer to the same embodiment.

[0040] The described aspects, features, advantages, and characteristics of the invention
may be combined 1n any suitable manner 1n one or more further embodiments. Furthermore,
one skilled 1n the relevant art will recognize that the invention may be practiced without one
or more of the specific aspects or advantages of a particular embodiment. In other instances,
additional aspects, features, and advantages may be recognized and claimed 1n some

embodiments that may not be present 1n all embodiments of the invention.

DEFINITIONS

[0041] Unless otherwise defined, all technical and scientific terms used herein have the

same meaning as commonly understood by one of ordinary skill in the art to which this
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invention belongs. Although methods and materials similar or equivalent to those described
herein can be used 1n the practice or testing of the present invention, suitable methods and
materials are described below. In addition, the materials, methods, and examples are
1llustrative only and not intended to be limiting. All publications, patent applications, patents,
and other references mentioned herein are incorporated by reference in their entirety,
including U.S. Appl. Nos. 61/482,522; 61/482523; 61/591,601; 61/616,944; 61/826,453;
61/826,761; 61/836,555; 61/834,149; 13/379,191; 14/076,143; 14/076,149; 14/507,701;
14/683,075; and 15/222,576; as well as Int’l Pat. Publ. Nos. WO 2010/148390, 2012/151555,
and 2013/148230 and PCT Appl. No. PCT/US14/39039. In case of conflict, the present

specification, including these definitions, will control.

[0042] The terms “a,” “an,” and “the” as used herein not only includes aspects with one
member, but also includes aspects with more than one member. For example, an embodiment
including “a polyamine compound and an excipient” should be understood to present some

aspects with at least a second polyamine compound, at least a second excipient, or both.

[0043] The term “about” as used herein to modify a numerical value indicates a defined
range around that value. If “X” were the value, “about X” would generally indicate a value
from 0.90X to 1.10X. Any reference to “about X" specifically indicates at least the values X,
0.90X, 091X, 0.92X, 093X, 0.94X, 0.95X, 0.96X, 097X, 0.98X, 0.99X, 1.01X, 1.02X,
1.03X, 1.04X, 1.05X, 1.06X, 1.07X, 1.08X, 1.09X, and 1.10X. Thus, “about X” 1s intended
to teach and provide written description support for a claim limitation of, e.g., “0.98X.”
When the quantity “X” only includes whole-integer values (e.g., “X carbons”), “about X”
indicates from (X-1) to (X+1). In this case, “about X as used herein specifically indicates at

least the values X, X-1, and X+1.

[0044] When “about” 1s applied to the beginning of a numerical range, 1t applies to both
ends of the range. Thus, “from about 5 to 20” 1s equivalent to “from about 5 to about 20.”
When “about” 1s applied to the first value of a set of values, 1t applies to all values 1n that set.

Thus, “about 7, 9, or 11 1s equivalent to “about 7, about 9, or about 11.”

[0045] The term “acyl” as used herein includes an alkanoyl, aroyl, heterocycloyl, or
heteroaroyl group as defined herein. Examples of acyl groups include, but are not limited to,

acetyl, benzoyl, and nicotinoyl.
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[0046] The term “alkanoyl” as used herein includes an alkyl-C(O)- group wherein the alkyl
agroup 1s as defined herein. Examples of alkanoyl groups include, but are not limited to, acetyl

and propanoyl.

[0047] The term “agent” as used herein includes a compound or mixture of compounds
that, when added to a composition, tend to produce a particular effect on the composition’s
properties. For example, a composition comprising a thickening agent 1s likely to be more

viscous than an otherwise 1dentical comparative composition that lacks the thickening agent.

[0048] The term “alkenyl” as used herein includes a straight or branched chain
hydrocarbon containing at least one carbon-carbon double bond. The chain may contain an
indicated number of carbon atoms. For example, “C1-C12 alkenyl” indicates that the group
may have from 1 to 12 (inclusive) carbon atoms and at least one carbon-carbon double bond.
When the indicated number of carbon atoms 1s 1, then the Ci alkenyl 1s double bonded to a
carbon (i.e., a carbon equivalent to an oxo group). In some aspects, the chain includes 1 to 12,
about 2 to 15, about 2 to 12, about 2 to 8, or about 2 to 6 carbon atoms. Examples of an
alkenyl group may include, but are not limited to, ethenyl (i.e., vinyl), allyl, propeny],
butenyl, crotyl, pentenyl, hexenyl, heptenyl, octenyl, nonenyl, decenyl, dodecenyl,
cyclopentenyl, cyclohexenyl, 2-1sopentenyl, allenyl, butadienyl, pentadienyl, 3-(1,4-
pentadienyl), and hexadienyl.

[0049] An alkenyl group can be unsubstituted or optionally substituted. When optionally
substituted, one or more hydrogen atoms of the alkenyl group (e.g., from 1 to 4, from 1 to 2,
or 1) may be replaced with a moiety independently selected from fluoro, hydroxy, alkoxy,
amino, alkylamino, acylamino, thio, and alkylthio, with the proviso that no hydrogen atom
substituent on the carbon-carbon double bond 1s replaced by a hydroxy, amino, or thio group.

In some aspects, the alkenyl group 1s unsubstituted or not optionally substituted.

[0050] The term “alkyl” as used herein includes an aliphatic hydrocarbon chain that may be
straight chain or branched. The chain may contain an indicated number of carbon atoms: For
example, C1-Ci2 indicates that the group may have from 1 to 12 (inclusive) carbon atoms in
1t. If not otherwise indicated, an alkyl group contains from 1 to about 20 carbon atoms. In
some aspects, alkyl groups have 1 to about 12 carbon atoms 1n the chain. In some aspects,
alkyl groups (“lower alkyl”) have 1 to about 6 carbon atoms 1n the chain. Examples may

include, but are not limited to, methyl, ethyl, propyl, 1sopropyl (iPr), 1-butyl, 2-butyl, 1sobutyl
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(1Bu), tert-butyl, pentyl, 2-methylbutyl, 1,1-dimethylpropyl, hexyl, heptyl, octyl, nony],
decyl, or dodecyl.

[0051] An alkyl group can be unsubstituted or optionally substituted. When optionally
substituted, one or more hydrogen atoms of the alkyl group (e.g., from 1 to 4, from 1 to 2, or
1) may be replaced with a moiety independently selected from fluoro, hydroxy, alkoxy,
amino, alkylamino, acylamino, thio, and alkylthio. In some aspects, the alkyl group 1s

unsubstituted or not optionally substituted.

[0052] The term “alkoxy” as used herein includes a straight or branched chain saturated or
unsaturated hydrocarbon containing at least one oxygen atom 1n an ether group (e.g., EtO-).
The chain may contain an indicated number of carbon atoms. For example, “Ci-Ci2 alkoxy”
indicates that the group may have from 1 to 12 (inclusive) carbon atoms and at least one
oxygen atom. Examples of a C1-C12 alkoxy group include, but are not limited to, methoxy,

ethoxy, 1sopropoxy, butoxy, n-pentoxy, 1sopentoxy, neopentoxy, and hexoxy.

[0053] An alkoxy group can be unsubstituted or optionally substituted. When optionally
substituted, one or more hydrogen atoms of the alkoxy group (e.g., from 1 to 4, from 1 to 2,
or 1) may be replaced with a moiety independently selected from fluoro, hydroxy, alkoxy,
amino, alkylamino, acylamino, thio, and alkylthio, with the proviso that no hydrogen atom
alpha to the ether oxygen 1s replaced by a hydroxy, amino, or thio group. In some aspects, the

alkoxy group 1s unsubstituted or not optionally substituted.

[0054] The term “alkynyl” as used herein includes a straight, branched, or cyclic
hydrocarbon containing at least one carbon—carbon triple bond. Examples may include, but
are not limited to, ethynyl, propargyl, propynyl, butynyl, pentynyl, hexynyl, heptynyl,
octynyl, nonynyl, decynyl, or decynyl.

[00SS] An alkynyl group can be unsubstituted or optionally substituted. When optionally
substituted, one or more hydrogen atoms of the alkynyl group (e.g., from 1 to 4, from 1 to 2,
or 1) may be replaced with a moiety independently selected from fluoro, hydroxy, alkoxy,
amino, alkylamino, acylamino, thio, and alkylthio, with the proviso that no sp-hybridized
hydrogen atom substituent 1s replaced by a hydroxy, amino, or thio group. In some aspects,

the alkynyl group 1s unsubstituted or not optionally substituted.
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[0056] The term “aroyl” as used herein includes an aryl-CO- group wherein aryl 1s as
defined herein. Examples include, but are not limited to, benzoyl, naphth-1-oyl and naphth-2-
oyl.

[0057] The term “aryl” as used herein includes cyclic aromatic carbon ring systems
containing from 6 to 18 carbons. Examples of an aryl group include, but are not limited to,

phenyl, naphthyl, anthracenyl, tetracenyl, biphenyl and phenanthrenyl.

[0058] An aryl group can be unsubstituted or optionally substituted. When optionally
substituted, one or more hydrogen atoms of the aryl group (e.g., from 1 to 5, from 1 to 2, or
1) may be replaced with a moiety independently selected from alkyl, cyano, acyl, halo,
hydroxy, alkoxy, amino, alkylamino, acylamino, thio, and alkylthio. In some aspects, the

alkoxy group 1s unsubstituted or not optionally substituted.

[0059] The term “arylalkyl” or “aralkyl” as used herein includes an alkyl group as defined
herein where at least one hydrogen substituent has been replaced with an aryl group as
defined herein. Examples include, but are not limited to, benzyl, 1-phenylethyl, 4-
methylbenzyl, and 1,1,-dimethyl-1-phenylmethyl.

[0060] A arylalkyl or aralkyl group can be unsubstituted or optionally substituted as per its
component groups. For example, but without limitation, the aryl group of an arylalkyl group
can be substituted, such as in 4-methylbenzyl, 2,4,6-trimethylbenzyl, 4-fert-butylbenzyl, 4-
1sopropylbenzyl, and the like. In some aspects, the group 1s unsubstituted or not optionally
substituted, especially 1f including a defined substituent, such as a hydroxyalkyl or

alkylaminoalkoxy group.

[0061] The linking term “comprising” or “comprise” as used herein 1s not closed. For
example, “a composition comprising A” must include at least the component A, but 1t may

also 1include one or more other components (e.g., B; B and C; B, C, and D; and the like).

[0062] A composition or method comprising certain claim elements presents an aspect that
consists of those claim elements and an aspect that consists essentially of those claim
elements. For example, the description of a method comprising the step A 1s intended to
present (and provide support for) a method consisting of the step A and a method consisting

essentially of the step A.

[0063] The term “cycloalkyl” as used herein includes a cyclic hydrocarbon group that may

contain an indicated number of carbon atoms: For example, C3-Ci2 indicates that the group
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may have from 3 to 12 (inclusive) carbon atoms 1n 1t. If not otherwise indicated, a cycloalkyl
agroup 1ncludes about 3 to about 20 carbon atoms. In some aspects, cyclo alkyl groups have 3
to about 12 carbon atoms 1n the group. In some aspects, cycloalkyl groups have 3 to about 7

carbon atoms 1n the group. Examples may include, but are not limited to, cyclopropyl,

cyclobutyl, cyclopentyl, cyclohexyl, 4,4-dimethylcyclohexyl, and cycloheptyl.

[0064] A cycloalkyl group can be unsubstituted or optionally substituted. When optionally
substituted, one or more hydrogen atoms of the cycloalkyl group (e.g., from 1 to 4, from 1 to
2, or 1) may be replaced with a moiety independently selected from fluoro, hydroxy, alkoxy,
amino, alkylamino, acylamino, thio, and alkylthio. In some aspects, a substituted cycloalkyl
group can incorporate an exo- or endocyclic alkene (e.g., cyclohex-2-en-1-yl). In some

aspects, a cycloalkyl group 1s unsubstituted or not optionally substituted.

[006S5] As used herein, “cycloalkylalkyl” includes an alkyl group wherein the alkyl group
includes one or more cycloalkyl substituents (typically one). Examples include, but are not

limited to, cyclohexylmethyl, cyclopentylmethyl, and cyclopropylmethyl.

[0066] The terms “disorder,” “disease,” and “condition” are used herein interchangeably
for a condition 1n a subject. A disorder 1s a disturbance or derangement that atfects the

normal function of the body of a subject. A disease 1s a pathological condition of an organ, a
body part, or a system resulting from various causes, such as infection, genetic defect, or
environmental stress that 1s characterized by an 1dentifiable group of symptoms. A disorder or
disease can refer to a biofilm-related disorder or disorder caused by a planktonic bacterial

phenotype that 1s characterized by a disease-related growth of bacteria.

[0067] The term “effective amount” or “effective dose” as used herein includes an amount
sufficient to achieve the desired result and accordingly will depend on the ingredient and 1ts
desired result. Nonetheless, once the desired effect 1s identified, determining the effective

amount 1s within the skill of a person skilled 1n the art.

[0068] As used herein, “fluoroalkyl” includes an alkyl group wherein the alkyl group
includes one or more fluoro- substituents. Examples include, but are not limited to,

trifluoromethyl.

[0069] As used herein, “geminal” substitution includes two or more substituents that are
directly attached to the same atom. An example 1s 3,3-dimethyl substitution on a cyclohexyl

or spirocyclohexyl ring.
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[0070] As used herein, “halo” or “halogen” includes fluoro, chloro, bromo, or 10do.

[0071] The term “heteroaryl” includes mono and bicyclic aromatic groups of about 4 to
about 14 ring atoms (e.g., 4 to 10 or 5 to 10 atoms) containing at least one heteroatom.
Heteroatom as used 1n the term heteroaryl refers to oxygen, sulfur and nitrogen. A nitrogen
atom of a heteroaryl 1s optionally oxidized to the corresponding N-oxide. Examples include,
but are not limited to, pyrazinyl, furanyl, thienyl, pynidyl, pyrimidinyl, 1soxazolyl,
1sothiazolyl, oxazolyl, thiazolyl, pyrazolyl, furazanyl, pyrrolyl, pyrazolyl, triazolyl, 1,2,4-
thiadiazolyl, pyrazinyl, pyridazinyl, quinoxalinyl, phthalazinyl, imidazo[ 1,2-aJpyridine,
1midazo[2,1-b]thiazolyl, benzofurazanyl, indolyl, azaindolyl, benzimidazolyl, benzothienyl,
quinolinyl, imidazolyl, thienopyridyl, quinazolinyl, thienopyrimidyl, pyrrolopyridyl,

imidazopyridyl, 1soquinolinyl, benzoazaindolyl, 1,2,4-tritazinyl, and benzothiazolyl.

[0072] A heteroaryl group can be unsubstituted or optionally substituted. When optionally
substituted, one or more hydrogen atoms of the heteroaryl group (e.g., from 1 to 5, from 1 to
2, or 1) may be replaced with a moiety independently selected from alkyl, cyano, acyl, halo,
hydroxy, alkoxy, amino, alkylamino, acylamino, thio, and alkylthio. In some aspects, the

heteroaryl group 1s unsubstituted or not optionally substituted.

[0073] In some embodiments, a heteroaryl group includes includes mono and bicyclic
aromatic groups of about 4 to about 14 ring atoms (e.g., 4 to 10 or 5 to 10 atoms) containing
at least one heteroatom, but no such groups with a six-membered ring bonded to the site to
which the heteroaryl group 1s a substituent (i.e., a “non-six-membered heteroaryl” or “nébm
heteroaryl™). For example, for a group A with a non-six-membered heteroaryl substituent, A
could be bonded to an indolyl moeity at the indole nitrogen, the 2- position, or the 3- position,

but not at the positions on the indolyl’s phenyl ring (i.e., the six-membered ring).

[0074] The term “heteroaroyl” as used herein includes a heteroaryl-C(O)- group wherein
heteroaryl 1s as defined herein. Heteroaroyl groups include, but are not limited to,

thiophenoyl, nicotinoyl, pyrrol-2-ylcarbonyl, and pyridinoyl.

[007S] The term “heterocycloyl” as used herein includes a heterocyclyl-C(O)- group
wherein heterocyclyl 1s as defined herein. Examples include, but are not limited to, N-methyl

prolinoyl and tetrahydrofuranoyl.

[0076] As used herein, “heterocyclyl” includes a non-aromatic saturated monocyclic or

multicyclic ring system of about 3 to about 10 ring atoms (e.g., 5 to about 10 ring atoms, or 3
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to about 6 ring atoms), 1n which one or more of the atoms 1n the ring system 1s an element or
elements other than carbon, e.g., nitrogen, oxygen or sulfur. A heterocyclyl group optionally
comprises at least one sp*-hybridized atom (e.g., a ring incorporating an carbonyl, endocyclic
olefin, or exocyclic olefin). In some embodiments, a nitrogen or sulfur atom of the
heterocyclyl 1s optionally oxidized to the corresponding N-oxide, S-oxide or S,S-dioxide.
Examples of monocycylic heterocyclyl rings include, but are not limited to, piperidyl,
pyrrolidinyl, piperazinyl, morpholinyl, thiomorpholinyl, thiazolidinyl, 1,3-dioxolanyl, 1,4-
dioxanyl, tetrahydrofuranyl, tetrahydrothiophenyl, and tetrahydrothiopyranyl.

[0077] A heterocycyl group can be unsubstituted or optionally substituted. When optionally
substituted, one or more hydrogen atoms of the group (e.g., from 1 to 4, from 1 to 2, or 1)
may be replaced with a moiety independently selected from fluoro, hydroxy, alkoxy, amino,
alkylamino, acylamino, thio, and alkylthio. In some aspects, a substituted heterocycyl group
can incorporate an exo- or endocyclic alkene (e.g., cyclohex-2-en-1-yl). In some aspects, the

heterocycyl group 1s unsubstituted or not optionally substituted.

[0078] The term “hydrophobic moiety” or “hydrophobic group” as used herein includes a
moiety or a functional group that repels water. Examples may include, but are not limited to,
a non-polar alkyl moiety, such as an unsubstituted alkyl group having more than five carbons;

a phenyl group; and an anthracenyl group.

[0079] As used herein, the terms “hydrophilic moiety" or “hydrophilic group” includes a
moiety or a functional group that has a strong affinity to water. Examples may include, but
are not limited to, a charged moiety, such as a cationic moiety or an anionic moiety, or a

polar uncharged moiety, such as an alkoxy group or an amine group.

[0080] As used herein, the term “hydroxyalkyl” includes an alkyl group where at least one
hydrogen substituent has been replaced with an alcohol (-OH) group. In some aspects, the
hydroxyalkyl group has one alcohol group. In some aspects, the hydroxyalkyl group has one
or two alcohol groups, each on a different carbon atom. In some aspects, the hydroxyalkyl
group has 1, 2, 3, 4, 5, or 6 alcohol groups. Examples may include, but are not limited to,

hydroxymethyl, 2-hydroxyethyl, and 1-hydroxyethyl.

[0081] When any two substituent groups or any two instances of the same substituent
agroup are “independently selected” from a list of alternatives, the groups may be the same or
different. For example, if R* and R® are independently selected from alkyl, fluoro, amino, and

hydroxyalkyl, then a molecule with two R? groups and two R® groups could have all groups
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be an alkyl group (e.g., four different alkyl groups). Alternatively, the first R® could be alky],

the second R? could be fluoro, the first R® could be hydroxyalkyl, and the second R® could be
amino (or any other substituents taken from the group). Alternatively, both R? and the first R®
could be fluoro, while the second R® could be alkyl (i.e., some pairs of substituent groups

may be the same, while other pairs may be different).

[0082] As used herein, “polyamine” includes a compound that has at least two amine
agroups, which may be the same or different. The amine group may be a primary amine, a
secondary amine, a tertiary amine, or quaternary ammonium salt. Examples may include, but
are not limited to, 1,3-diaminopropane, 1,4-diaminobutane, hexamethylenediamine, dodecan-

1,12-diamine, spermine, spermidine, norspermine, and norspermidine.

[0083] As used herein, “or” should 1n general be construed non-exclusively. For example,
an embodiment of “a composition comprising A or B” would typically present an aspect with
a composition comprising both A and B, and an embodiment of “a method to disperse or kill
biofilms” could disperse, kill, or a combination of both. “Or” should, however, be construed
to exclude those aspects presented that cannot be combined without contradiction (e.g., a

composition pH that 1s between 9 and 10 or between 7 and 8).

[0084] As used herein, “spirocycloalkyl” includes a cycloalkyl in which geminal
substituents on a carbon atom are replaced to join 1n forming a 1,1-substituted ring. For
example, but without limitation, for a —C(R")(R*)- group that was part of a longer carbon
chain, if R! and R* joined to form a cyclopropyl ring incorporating the carbon to which R!

and R* were bonded, this would be a spirocycloalkyl group (i.e., spirocyclopropyl).

[008S] As used herein, the term "salt" refers to acid or base salts of a compound, although
for a polyamine compound, the salt 1s generally an acid salt of the polyamine. Illustrative
examples of pharmaceutically acceptable acid salts are mineral acids (e.g., hydrochloric acid,
hydrobromic acid, phosphoric acid, and the like) salts, organic carboxylic acid (e.g., acetic
acid, propionic acid, glutamic acid, citric acid, and the like) salts, and organic sulfonic acid
(methanesulfonic acid) salts. In some aspects, a salt may be a quaternary ammonium salts
produced by reaction with an alkylating agent (e.g., methyl 10dide, ethyl 10dide, and the like).
Additional information on suitable pharmaceutically acceptable salts can be found 1n
Remington's, Pharmaceutical Sciences (current edition), Mack Publishing Co., Easton, PA,

which 1s incorporated herein by reference.
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[0086] As used herein, a reference to a composition of formula A, B, C, or a salt thereof

may indicate A, a salt of A, B, a salt of B, C, or a salt of C.

[0087] As used herein, “spiroheterocyclyl” includes a heterocycloalkyl in which geminal
substituents on a carbon atom are replaced to join in forming a 1,1-substituted ring. For
example, but without limitation, for a —C(R")(R*)- group that was part of a longer carbon
chain, if R' and R* joined to form a pyrrolidine ring incorporating the carbon to which R! and

R* were bonded, this would be a spiroheterocyclyl group.

[0088] As used herein, the term “treat,” “treating,” or “treatment” includes administering or
applying a composition (e.g., a composition described herein) 1n an amount, manner (e.g.,
schedule of administration), and mode (e.g., route of administration) that 1s effective to
improve a disorder or a symptom thereof, or to prevent, to retard, or to slow the progression
of a disorder or a symptom thereof. Such improvements can include, but are not limited to,
alleviation or amelioration of one or more symptoms or conditions, diminishment of the
extent of a disease, stabilizing (i.e., not worsening) the state of disease, prevention of a
disease’s transmission or spread, delaying or slowing of disease progression, amelioration or
palliation of the disease state, diminishment of the reoccurrence of disease, and remission,

whether partial or total and whether detectable or undetectable.

[0089] This can be evidenced by, e.g., an improvement 1in a parameter associated with a
biofilm or with a biofilm-related disorder or an indication or symptom thereof, a biofilm-
related industnial, agricultural, environmental, etc. condition, e.g., to a statistically significant
degree or to a degree detectable to one skilled 1n the art. For example, “treating” a planktonic
bacteria with the polyamine composition may provide a decrease in the rate or extent of
biofilm formation from the planktonic bacteria as compared to a similar system without the
polyamine composition. An effective amount, manner, or mode can vary depending on the
surface, application, or subject and may be tailored to the surface, application, or subject. By
eradicating a biofilm or preventing or slowing progression of a biofilm or of a biofilm-related
disorder or an indication or symptom thereof, or a biofilm-related industrial, agricultural,
environmental, etc. condition, a treatment can prevent or slow deterioration or corrosion
resulting from a biofilm or from a biofilm-related disorder or an indication or symptom

thereof on an atfected surface or 1in an affected or diagnosed subject.

[0090] “‘Treating” and “treatment” as used herein also include prophylactic treatment 1n

some embodiments. In some embodiments, treatment methods comprise administering to a
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subject a therapeutically effective amount of a composition of the invention. The
administering step may consist of a single administration or may comprise a series of
administrations. The length of the treatment period depends on a variety of factors, such as
the severity of the condition, the age of the patient, the concentration of active agent 1n the
composition, the activity of the compositions used in the treatment, or a combination thereof.
It will also be appreciated that the effective dosage of an agent used for the treatment or
prophylaxis may increase or decrease over the course of a particular treatment or prophylaxis
regime. Changes in dosage may result and become apparent by standard diagnostic assays
known 1n the art. In some aspects, chronic administration may be required. For example, the
compositions are administered to the subject in an amount, and for a duration, sufficient to

treat the patient.

[0091] In the Summary of the Invention above, Detailed Description, and the claims below,
reference 1s made to particular features and aspects of the invention, including method steps.
The disclosure of the invention 1n this specification includes all possible combinations of
such particular features within the embodiments of the invention disclosed, at least to the
extent that such combinations are non-contradictory. For example, 1f the Detailed Description
presents aspects A, B, and C of an embodiment, it 1s understood that this also discloses
particular embodiments including both aspects A and B, both aspects B and C, and both

aspects A and C, as well as an embodiment with aspects A, B, and C.
POLYAMINE COMPOUNDS AND COMPOSITIONS

[0092] In some aspects, the invention provides a compound or composition that comprises,
consists essentially of, or consists of a polyamine compound or composition used 1n any of

the embodiments or aspects of the methods described herein.

[0093] In some aspects, the invention provides a compound selected from the group

including an A'*° ring

and a salt thereof;
wherein:
each A'"° ring member A', A%, A°, A*, A°, and A° is independently selected from the

group including N, CR!, CR?, and CR?; or, alternatively, a pair of adjacent A*® ring members
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join to form an independently selected aryl, cycloalkyl, heterocyclyl, or heterocycloaryl B
ring that is fused with the A'*° ring at the pair’s adjacent A'*° ring positions;
wherein two of the A ring members are each an independently selected CRY;

each R'is an independently selected A" ring

A7:A8\
% 4<\ //Ag
5 A1 1_A1 0

each A”"'! ring member A7, A%, A”, A and A'! is independently selected from the
group including N, CRY, CR? and CR"; or, alternatively, a pair of adjacent A”"!! ring members
join to form an independently selected aryl, cycloalkyl, heterocyclyl, or heterocycloaryl B
ring that is fused with the A”"!! ring at the pair’s adjacent A’*'! ring positions;
10 wherein for each RY, one A”"!! ring member is an independently selected CR?;
each B! or B* ring, if present, is optionally substituted with up to one R? group and
with up to three independently selected R> groups;

each R® 1s a member independently selected from the group including

R1 a 1b — R1 2 1b
RZa R1 d RZa

( Rm)_%RZd A Rm)_QRZd
T R®  and TR
15 each R R!® R!¢ and R!¢is a member independently selected from the group

including hydrogen, fluoro, alkyl, and fluoroalkyl; or, alternatively, an R'? and an R!® join to
form an oxo group;
each R* R?® R** R%{ R* and R*is a member independently selected from the
group including hydrogen, alkyl, fluoroalkyl, alkenyl, alkynyl, aryl, heteroaryl, arylalkyl, or
20  heteroarylalkyl; alternatively, a pair of R* members from the same R? group independently
selected from the group R*® and R?°, R*® and R?¢, and R*® and R* join to form a member
independently selected from the group including spirocycloalkyl, spiroheterocycyl, and oxo;
or, alternatively, an R** and an R*® from the same R® group join to form a ring independently
selected from the group including cycloalkyl and heterocycyl;
25 each R™ is a member independently selected from the group including -CR*R?®-,
-CR*R*- -C(R**)=(R?)-, -CC-, and -C(R**)(R?*®)-L-C(R**)(R*?)-;

each m 1s an integer independently selected from 1 to 20;
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each L 1s a member independently selected from the group including a bond, -O-,
-C(0)0-, -NR*-, -NR*C(0)-, and -C(O)NR*-;

each R’ is a member independently selected from the group including -Z'-R*,
Z-YRRY -ZL-YL-Y2RY and -Z-Y-Y2-Y°-R*:

each R* is a member independently selected from the group including hydrogen,
alkyl, fluoroalkyl, alkenyl, alkynyl, aryl, cycloalkyl, heteroaryl, arylalkyl, cycloalkylalkyl,
and heteroarylalkyl; or, alternatively, for an -N(R*)2 group, one of the two R* in the group is a
member selected from the group including -(CO)OR®-, -(CO)N(R®*)(R®?), and
-C(NR®N(R®*)(R®); or, alternatively, for an -N(R*)2 group, the two R* groups join to form a
heterocyclic ring;

each Y!, Y2, and Y’ is an independently selected group of Formula IA:

each Z' and Z* is a member independently selected from the group including
-N(R*- and -O-; and

each R® is a member independently selected from hydrogen or an R>:

each R is a member independently selected from the group including alkyl, hydroxyl,
alkoxy, aminoalkoxy, alkylamino, alkylaminoalkoxy, alkenyl, alkynyl, aryl, aryloxy,
arylamino, cycloalkyl, cycloalkoxy, cycloalkylalkoxy, cycloalkylamino,
cycloalkylalkylamino, heterocyclyl, heterocycyloxy, heterocycylamino, halo, haloalkyl,
fluoroalkyloxy, heteroaryl, heteroaryloxy, heteroarylamino, arylalkyl, arylalkyloxy,
arylalkylamino, heteroarylalkyl, heteroarylalkyloxy, heteroarylalkylamino; hydroxyalkyl,
aminoalkyl, and alkylaminoalkyl;

each R® R and R® is a member independently selected from the group including
hydrogen, alkyl, fluoroalkyl, alkenyl, alkynyl, aryl, heteroaryl, cycloalkyl, arylalkyl,
heteroarylalkyl, and cycloalkylalkyl; or, alternatively, two R members R%* and R®® or R®?
and R join to form a heterocycyl ring;
wherein the polyamine compound comprises at least two primary or secondary amino
groups.wherein the polyamine compound comprises at least two primary or secondary amino

oroups.

[0094] In some aspects, the compound 1s selected from the group including
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A9
AS/ %A'IO
Al A" : AL :
A P A
A7// \Ag ?9/ \AM A7// \Ag
||1o A | A2 ”10
AN \AH/A 8§A7J\r AN \AH/A
A3 py A’ A3 7 A
e e
\Az , \AZ , and
A8
A7// \Ag
A3 ||10
7 A
A4 \ \A'H/
Al A A
A? A
N
A . or a salt thereof.
[009S] In some aspects, the compound 18
AQ
AS/ %A'IO
Al Al 8
~ 7//A\
A A’
A10
TF = \A”/
A A
N

or a salt thereof.

5 [0096] In some aspects, the compound 1s

A7 P |T9
A3 10
e A
Al A
AL 2
A° or a salt thereof.

[0097] In some aspects, the compound 18
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S
p‘\g P \A'H A7// \Ag
AN | A | ,Lm
\A7 I \ \A'] 1/
A A
\Az/
or a salt thereof.

[0098] In some aspects, at least one A’ is a CR?. In some aspects, each A’ is a CR? (e.g., the

pair of A” members are both the same CR?).

[0099] In some aspects, A?is CR®. In some specific aspects, the A% R is selected from the
group including alkyl, alkoxy, cylcloalkyl, cycloalkoxy, arylalkyl, and arylalkoxy. In some
more specific aspects, the A* R is selected from the group including alkyl, alkoxy, and

arylalkoxy.

[0100] In some aspects, the A% R is alkoxy. In some more specific aspects, the A? RP
alkoxy 1s selected from the group including methoxy, ethoxy, n-propoxy, 1Sopropoxy, n-

butoxy, 1so-butoxy, t-butoxy, n-pentoxy, and 1sopentoxy.

[0101] In some aspects, the A? R®is alkyl (e.g., lower alkyl). In some more specific
aspects, the A* R? alkyl is selected from the group including methyl, ethyl, n-propyl,
1sopropyl, n-butyl, 1so-butyl, t-butyl, n-pentyl, and 1sopentyl. In some more specific aspects,

the A% R® alkyl is t-butyl.

[0102] In some aspects, at least one A ring member is CR®. In some aspects, at least one

of Al A%, or A’ is CR®.

[0103] In some aspects, at least one A" ring member is CR®. In some aspects, at least one
of A® or A is CR®. In some aspects, a pair of A”"!! ring members is CR® (e.g., both A®

member or both A'” members).

[0104] In some specific aspects, at least one R is selected from the group including alkyl,
alkoxy, cylcloalkyl, cycloalkoxy, arylalkyl, and arylalkoxy. In some more specific aspects,
said RP is selected from the group including alkyl, alkoxy, and arylalkoxy.

[0105] In some aspects, at least one R® is alkoxy. In some more specific aspects, said R°
alkoxy 1s selected from the group including methoxy, ethoxy, n-propoxy, 1sopropoxy, n-

butoxy, 1so-butoxy, t-butoxy, n-pentoxy, and 1sopentoxy.
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[0106] In some aspects, at least one R® is alkyl (e.g., lower alkyl). In some more specific
aspects, said R® alkyl is selected from the group including methyl, ethyl, n-propyl, isopropyl,
n-butyl, iso-butyl, t-butyl, n-pentyl, and isopentyl. In some more specific aspects, said R®

alkyl is t-butyl.

[0107] In some aspects, at least one A” is a CR?. In some aspects, each each R?is an

independently selected

[0108] In some aspects, each A’"'! member is independently selected from the group
including CR? and CR®. In some aspects, wherein each A'® member is independently selected

from the group consisting of CR!, CR? and CR®.

[0109] In some aspects, the compound comprises two independently selected CR®. In some

aspects, wherein the compound comprises three independently selected CR®.

[0110] In some aspects, each R!? R!® R!¢ and R!?is a member independently selected from
the group including hydrogen, fluoro, alkyl, and fluoroalkyl. In some aspects, each R'? R'®,

R! and R!¥is a member independently selected from hydrogen and alkyl. In some aspects,

each R'? R!® R! and R!is hydrogen.

[0111] In some aspects, each R!'* and R!® is a member independently selected from the group
including hydrogen, fluoro, alkyl, and fluoroalkyl. In some aspects, each R'? and R!® is a
member independently selected from hydrogen and alkyl. In some aspects, each R'* and R

1S hydrogen.

[0112] In some aspects, each R?® R?®, R** R*d R*¢ and R* is a member independently
selected from the group including hydrogen, alkyl, fluoroalkyl, alkenyl, alkynyl, aryl,
heteroaryl, arylalkyl, and heteroarylalkyl. In some aspects, R*? R?® R** R?¢ R%* and R*'is a
member independently selected from hydrogen, alkyl, fluoroalkyl, and arylalkyl. In some
aspects, each R* R?® R* R?¢ R* and R*! is a member independently selected from

hydrogen, alkyl, and fluoroalkyl. In some aspects, each R*®, R*®, R* R?¢ R* and R*'is
hydrogen.
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[0113] In some aspects, each R*® R?®, R*  and R* is a member independently selected from
hydrogen, alkyl, and fluoroalkyl. In some aspects, each R?®, R*, R** and R*? is a member
independently selected from hydrogen, alkyl, fluoroalkyl, and arylalkyl. In some aspects,
each R* R’ R’°, and R* is a member independently selected from hydrogen, alkyl, and

fluoroalkyl. In some aspects, each R**, R*®, R*, and R*? is hydrogen.

[0114] In some aspects, each m 1s an integer independently selected from 1 to 8. In some
aspects, each m 1s an integer independently selected from 1 to 6. In some aspects, each m 1s

an integer independently selected from 1 to 3.

[011S5] In some aspects, each m 1s 1. In some aspects, at least one m 1s 1. In some aspects,

each m 1s 2. In some aspects, at least one m 1s 2.

[0116] In some aspects, each L 1s a member independently selected from the group including

a bond, -O-, and -NR*-. In some aspects, each L is a bond.

[0117] In some aspects, each R’ is a member independently selected from the group
including -Z'-R* and -Z'-Y'-R* In some aspects, each R’ is an independently selected -Z'-

YL-R*

[0118] In some aspects, each R* is a member independently selected from the group
including hydrogen, alkyl, fluoroalkyl, alkenyl, alkynyl, aryl, cycloalkyl, arylalkyl,
cycloalkylalkyl, and heteroarylalkyl. In some aspects, each R* is a member independently
selected from the group including hydrogen, alkyl, fluoroalkyl, alkenyl, alkynyl, arylalkyl,
and cycloalkylalkyl. In some aspects, each R* is a member independently selected from the

ogroup including hydrogen, alkyl, arylalkyl, and cycloalkylalkyl.

[0119] In some aspects, for each -N(R*)2 group (e.g., the terminal amine for a polyamine side
chain), one of the R* is a member independently selected from the group including alkyl,
fluoroalkyl, alkenyl, alkynyl, aryl, cycloalkyl, heteroaryl, arylalkyl, cycloalkylalkyl, and
heteroarylalkyl. In some more specific aspects, said R* is a member independently selected
from the group including alkyl, arylalkyl, and cycloalkylalkyl. In some more specific aspects,
said R* is a member independently selected from the group including n-butyl, isobuyl, 2-

ethylbutyl, 2-methylbutyl, 3-methylbutyl, n-hexyl, isohexyl, and 2-ethylhexyl.

[0120] In some aspects, for each -N(R"*)2 group (e.g., the terminal amine for a polyamine side
chain), the -N(R*)2 group is -NH(R"), and said R* is a member independently selected from
the group including alkyl, fluoroalkyl, alkenyl, alkynyl, aryl, cycloalkyl, heteroaryl, arylalkyl,
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cycloalkylalkyl, and heteroarylalkyl. In some more specific aspects, said R* is a member
independently selected from the group including alkyl, arylalkyl, and cycloalkylalkyl. In
some more specific aspects, said R* is a member independently selected from the group
including n-butyl, 1sobuyl, 2-ethylbutyl, 2-methylbutyl, 3-methylbutyl, n-hexyl, 1sohexyl, and
2-ethylhexyl.

[0121] In some aspects, at least one pair of R* (e.g., the terminal R* of two polyamine side
chains) are both a member selected from the group including alkyl, arylalkyl, and
cycloalkylalkyl. In some more specific aspects, said at least one pair of R* are both an alkyl

(e.g., the same alkyl group).

[0122] In some aspects, each R* is a member independently selected from the group
including hydrogen, alkyl, fluoroalkyl, alkenyl, alkynyl, aryl, heteroaryl, arylalkyl, and
heteroarylalkyl; or, alternatively, for a -N(R*)2 group, one of the two R* in the group is a
member selected from -(CO)OR?-, (CO)N(R®*)(R®), and —C(NR**)N(R®?)(R®¢); and
each R® is a member independently selected from the group including hydrogen, alkyl,
hydroxyl, alkoxy, alkylamino, alkenyl, alkynyl, aryl, aryloxy, arylamino, cycloalkyl,
cycloalkoxy, cycloalkylamino, heterocyclyl, heterocycyloxy, heterocycylamino, halo,
haloalkyl, fluoroalkyloxy, heteroaryl, heteroaryloxy, heteroarylamino, arylalkyl,
arylalkyloxy, arylalkylamino, heteroarylalkyl, heteroarylalkyloxy, heteroarylalkylamino,
hydroxyalkyl, aminoalkyl, and alkylaminoalky]l.

[0123] In some aspects, each R? is a member independently selected from the group
including hydrogen, alkyl, hydroxyl, alkoxy, alkylamino, alkenyl, alkynyl, aryl, aryloxy,
arylamino, cycloalkyl, cycloalkoxy, cycloalkylamino, heterocyclyl, heterocycyloxy,
heterocycylamino, halo, haloalkyl, fluoroalkyloxy, heteroaryl, heteroaryloxy,
heteroarylamino, arylalkyl, arylalkyloxy, arylalkylamino, heteroarylalkyl, heteroarylalkyloxy,
heteroarylalkylamino, hydroxyalkyl, aminoalkyl, and alkylaminoalkyl. In some aspects, each
R’ is a member independently selected from the group including hydrogen, alkyl, hydroxyl,
alkoxy, aminoalkoxy, alkylamino, alkylaminoalkoxy, aryl, aryloxy, cycloalkyl, cycloalkoxy,
cycloalkylalkoxy, halo, fluoroalkyl, fluoroalkyloxy, heteroaryl, arylalkyl, arylalkyloxy,
hydroxyalkyl, aminoalkyl, and alkylaminoalkyl. In some aspects, each R® is a member
independently selected from the group including hydrogen, alkyl, hydroxyl, alkoxy,
aminoalkoxy, alkylaminoalkoxy, aryl, aryloxy, cycloalkylalkoxy, halo, fluoroalkyl,

fluoroalkyloxy, arylalkyloxy, and hydroxy<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>