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(57) Abstract: The present invention relates to c-di-GMP lowering chemical compounds having anti- biofilm properties. In patticular,
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biofilm infection in human subjects caused by biofilm-forming bacteria of the genus Pseudomonas, in particular Pseudomonas spp.
including P. acruginosa. Methods of treating such infections in human subjects are contemplated as well. The present inventions further
relates to the use of an anti-biofilm compound or a salt or tautomer thereof for dispersing biofilms in industrial water systems.
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Compounds having Pseudomonas anti-biofilm properties

Field of the invention
The present invention relates to cyclic di-GMP (cyclic diguanylate, hereinafter “c-di-GMP”)
-reducing chemical compounds exhibiting anti-biofilm properties.

Background of the invention

Biofilms consist of densely packed bacteria concealed in shielding biopolymers, and are
often attached to surfaces. For billions of years, environmental bacteria have escaped
annihilation by forming biofilms. It has become clear that this capacity also plays a key
role for the development of chronic, and in particular antibiotic-resistant infections. In the
biofilm mode, bacteria attain the highest levels of multiple resistances to the present
assortment of antibiotics and antimicrobials, and an almost unlimited capacity to evade the
immune system and survive in the infected host.

The increasing population of elderly, hospitalized citizens has sparked a multitude of
healthcare acquired infections that have become a major cause of death, disability, and
social and economic upheaval for millions of people. Evidence is accumulating that such
infections are caused by bacteria in the form of biofilms (Bryers, 2008; Hall and Mah,
2017; Ciofu and Tolker-Nielsen, 2019). A major shortcoming of the current assortment of
antibiotics is that it target bacteria present in an unshielded planktonic state. This renders
the majority of conventional antibiotics less efficient on biofilms bacteria because the cells
are shielded and predominantly exist in a non-growing state.

Compelling evidence suggests that the so-called “c-di-GMP signaling” is a general and key

bacterial process that controls the biofilm lifecycle (Fazli et al., 2014; Jenal et al., 2017): A
high internal level of ¢-di-GMP drives planktonic bacteria to form biofilms, whereas reduced
c-di-GMP levels promote dispersal of biofilm bacteria, leading to the bacteria assuming the
planktonic mode of life.

WO02006125262A1 discloses a method for promoting dispersal of, or preventing formation
of a microbial (e.g. P. aeruginosa) biofilm, the method comprising: exposing said biofilm to
an effective amount of nitric oxide.

EP2712863A1 discloses compositions and compounds useful for reducing or inhibiting the
formation of a biofilm and for controlling or treating a chronic bacterial infection involving
biofilms. EP2712863A1 also discloses various different compounds useful for inhibiting
biofilms of P. aeruginosa.
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WO06045041A2 discloses methods for microbial biofilm destruction and mentions P.
aeruginosa as such biofilm forming bacteria. WO06045041A2 also states that the
formation and maintenance of such biofilms is dependent on signaling pathways
responsive to the internal level of cyclic di-GMP and emphasizes that in response to a
sudden drop in the cyclic di-GMP level, microbes detach from the biofilm, and thereby
become more readily treatable with conventional antibiotics.

WO017044091A1 discloses various methods of reducing or killing P. aeruginosa biofilm by
various known antibiotics and by the use of combinations of aminoglycoside and triclosan.

WO02014011663A1 discloses agents (various unspecified compounds capable of inhibiting
the activity of diguanylate cyclase (DGC) enzymes) for use in inhibiting Pseudomonas
aeruginosa biofilm formation.

Many of today’s problematic infections are caused by bacterial biofilms. Bacteria in the
biofilm mode are hard to kill with the current assortment of antimicrobials. Neglecting this
life-form has been a significant flaw in previous antimicrobial discovery where the
concentration dependent inhibition of planktonic bacterial growth in a test tube (MIC value)
has been the hallmark of antimicrobial efficacy.

In addition, diguanylate cyclase (DGC) enzymes catalyze formation of ¢-di-GMP, whereas
phosphodiesterase (PDE) enzymes catalyze degradation of c-di- GMP. In other words, this
is the decision maker for bacteria to be or not to be organized in a biofilm. In response to
a variety of environmental and chemical signals, a number of different DGC and PDE

enzymes modulate the internal c-di-GMP content either by catalyzing the synthesis or the
breakdown of c-di-GMP. The hunt is therefore set to pursue c-di-GMP signaling as a novel

target for antimicrobial intervention principles.

Hence, the hypothesis of the present invention is that biofilms can be prevented from
establishing and/or be dismantled by chemical compounds that activate PDEs or inactivate
DGCs. The inventors have applied a high throughput screening (HTS) approach, testing
around 50,000 chemical compounds for their ability to reduce the bacterial c-di-GMP level
in the ESKAPEE pathogen Pseudomonas aeruginosa (hereinafter “P. aeruginosa”) and have
identified small molecule entities that modulate the c-di-GMP system to drive P. aeruginosa
to assume its planktonic life form.
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Summary of the invention

The inventors have previously found that biofilm bacteria of the ESKAPEE pathogen P.
aeruginosa can be dispersed by overexpression of a single gene encoding a native c-di-
GMP degrading phosphodiesterase.

The H6-range of compounds (H6-compounds) are narrow range anti-biofilm compounds in
the sense that H6-compounds do not induce dispersal of biofilm of the other members of
the ESKAPEE bacteria, Enterococcus facieum, Staphylococcus aureus, Klebsiella
pneumoniae, Acinetobacter baumanii, and Enterobacter cloacae (data not shown).

In addition, the H6-compounds do not induce dispersal of biofilm of other important
pathogens such as Escherichia coli, Burkholderia cenocepacia, and Stenotrophomonas
maltophilia (data not shown).

Taken together with the highly restricted structural freedom to maintain biological activity
(SAR “structure-activity relationship”analysis), the effects are likely to be restricted to
bacteria of the genus Pseudomonas, in particular Pseudomonas spp. including P.
aeruginosa.

Hence, the present invention relates to a c-di-GMP-reducing chemical scaffold denoted H6,
several compounds of which activate the c-di-GMP degrading activity of the BifA
phosphodiesterase (c-di-GMP phosphodiesterase BifA). By doing so, compounds of this
scaffold can inhibit formation of biofilms formed by bacteria of the genus Pseudomonas, in
particular Pseudomonas spp. including P. aeruginosa, and they are capable of dispersing
bacteria from already formed biofilms. Those liberated bacteria show increased sensitivity
to conventional antibiotics as compared with their biofilm counterparts. Importantly; H6
compounds are not to be considered antibiotic per se (do neither kill, prevent growth nor
inhibit bacterial cell division). Their antibiofilm properties arise because they provoke an
enzymatic down-regulation of the internal c-di-GMP level thereby forcing the exposed
bacteria to assume the planktonic life mode instead of the sessile biofilm mode.

Consequently, for medical applications, it is possible to combine H6 induced biofilm

dispersal with synergistic antibiotic treatments. As a result, biofilm infections can be
dismantled and subsequently eradicated by combinatorial treatments with clinically

relevant antibiotics (figure 11).
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The present invention also comprises industrial applications including water sanitation
procedures against biofilm formed by bacteria of the genus Pseudomonas, in particular
Pseudomonas spp. including P. aeruginosa.

Thus, an object of the present invention relates to an anti-biofilm compound according to
chemical formula (1):

R2 R3
NH-
N’N\
g H N
R’ /
N N
H Formula (1)

wherein R!, R?, and R? are independently selected from the group consisting of
hydrogen, hydroxy, fluoro, and oxido with counterion,

wherein the counterion is selected from the group consisting of organic cations,

wherein the group of organic cations is selected from ammonium salts, including
protonated forms of arginine, benzathine, chloroprocaine, choline, diethanolamine,
ethanolamine, ethylenediamine, lysine, histidine, meglumine, procaine, triethylamine,
and/or inorganic cations, including sodium, lithium, potassium, calcium, magnesium and
zinc, or a pharmaceutically acceptable salt or tautomer thereof,

for use in treatment and/or prevention of a bacterial biofilm infection.

When used throughout this application the term “oxido” refers to negatively charged

oxygen, i.e. O

Another aspect of the present invention relates to a compound according to Formula (3)

Formula (3)

wherein R!, R?, and R3? are substituents to the benzene ring independently selected
from the group consisting of hydrogen, carboxy, carbamoyl, aminosulfonyl, hydroxy,
amino, (Ci-Ca)alkyl, (Ci-Cs)alkoxy, (C,-Cs)alkenyloxy, fluoro, chloro, iodo, bromo, amino,
nitro, trifluoromethyl, and oxido further connected to a cationic counterion,
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R* is selected from the group consisting of —NHR®, —NH,, and —NHs™,
X is selected from the group consisting of NR®, NH, and NH.*,
Y is selected from the group consisting of NR7, NH, and NH,™*,
R3, Ré, and R” are independently selected from the group consisting of hydrogen, (Ci-
Ca)alkyl, acetyl, optionally substituted phenyl, optionally substituted benzyl, benzoyl,
benzenesulfonyl, aminobenzenesulfonyl, hydroxy(Ci-Cs)alkyl, and pyridinoyl, and
wherein any or all of the —NHs* groups or NH,* moieties are further connected to
anionic counterions;
or a pharmaceutically acceptable salt thereof, or tautomer thereof.

Yet another aspect of the present invention is to provide a use of an anti-biofilm compound
according to chemical formula (1):

R2 R3
NH-
N’N\
. H N
R N
HN H Formula (1)

wherein R!, R?, and R? are independently selected from the group consisting of
hydrogen, hydroxy, fluoro, and oxido with counterion,

wherein the counterion is selected from the group consisting of organic cations,

wherein the group of organic cations is selected from ammonium salts, including
protonated forms of arginine, benzathine, chloroprocaine, choline, diethanolamine,
ethanolamine, ethylenediamine, lysine, histidine, meglumine, procaine, triethylamine,
and/or inorganic cations, including sodium, lithium, potassium, calcium, magnesium and
zinc, or a pharmaceutically acceptable salt or tautomer thereof,

for preventing and/or dispersing biofilms in industrial water systems formed by
bacteria of the genus Pseudomonas, in particular Pseudomonas spp. including P.

aeruginosa.

Brief description of the figures

Figure 1 shows the effect of H6-335 and H6-335-P1 on the c-di-GMP level of P. aeruginosa
determined by HPLC coupled MS-MS quantification of c-di-GMP extracts.
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Figure 2 shows the synthesis route of the H6-335-P1, i.e. 4-[(2-fluorophenyl)
hydrazinylidene]pyrazole-3,5-diamine.

Figure 3A shows the effects of varying H6-335-P1 concentrations on the GFP (Green
Fluorescent Protein) output from the c-di-GMP monitor P. aeruginosa AwspFApelAps!
monitor strain (Rybtke et al., 2012). GFP (FU, fluorescence unit) values were measured
every 20 minutes for 24 hours with the following concentrations: 100 uM H6-335-P1, 50
MM H6-335-P1, 25 uyM H6-335-P1, 12 yM H6-335-P1 or 0 uM H6-335-P1.

Figure 3B shows the effects of varying H6-335-P1 concentrations on corresponding growth
curves. OD600 values were measured every 20 minutes for 24 hours with the following
concentrations: 100 yM H6-335-P1, 50 yM H6-335-P1, 25 uM H6-335-P1, 12 yM H6-335-
P1 or O yM H6-335-P1.

Figure 4A shows inhibition of biofilm development as a function of H6-335-P1, H6-335, H6-
335-SAR compound 26 and H6-335-SAR compound 25 at the concentrations 100 uM, 50
MM, 25 uM, 12 uM, 6 UM or O M H6-335-P1 (dose-response).

Figure 4B shows anti-biofilm properties of H6-335-P1 on time dependent biofilm
development as a function of H6-335-P1 concentrations (100 yM, 50 yM, 25 uM, 12 yM, 6
MM or O uM).

Figure 4C shows time dependent liberation of bacteria during H6-335-P1 induced dispersal.

Figure 4D shows the amount of biofilms (8 hours old) that remained after induction of
dispersal (for subsequent two hours) with various concentrations of H6-335-P1, H6-335,
H6-335-SAR compound 26 and H6-335- SAR compound 25

Figure 5A shows biofilm growth and inhibition in the absence (untreated) and presence
(treated) of 25 uM of H6-335-P1.

Figure 5B shows biofilm growth and dispersal before (before treatment) and 4 hours after
(+ 4h of treatment) exposure to 25 uM of H6-335-P1.

Figure 6A shows that a functional BifA is required for H6-335-P1 induced dispersal of P.
aeruginosa biofilm. Biofilm formed by a bifA mutant does not disperse in response to H6-
335-P1 treatment, whereas biofilm formed by the wt and all other PDE mutants does
disperse in response to H6-335-P1 treatment.
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Figure 6B shows that a functional BifA is required for H6-335-P1-mediated inhibition of
biofilm formation (left graph), as well as for H6-335-P1-mediated reduction in the c-di-
GMP level (right graph).

Figure 6C shows the effect of variable bifA+ expressions and H6-335-P1 concentrations on
biofilm formation of P. aeruginosa PAO1(wspF) (a) and PAOL1(wspF)::araC-PBAD-bifA+
carrying an arabinose inducible bifA expression cassette (araC-Peap-bifA+) on its
chromosome) (b,c,d). The biofilm amounts prevailing following treatment with varying
concentrations of arabinose and H6-335-P1 were plotted. The amounts of supplemented
arabinose (0% A, 0.05% A or 0.2% A) and H6-335-P1 (100 yM, 50 uM, 25 uM, 12 yM, 6
MM or O uM) are indicated below the X-axis of figure 6C. Numbers above the bars in figure
6C represents the crystal violet measurements.

Figure 7A shows time dependent antibiotic killing assay of P. aeruginosa biofilms and of
planktonic cells, originated from H6-335-P1 treated biofilms, exposed to 30 pg/ml
tobramycin.

Figure 7B shows time dependent Kkilling assay of P. aeruginosa biofilms and of planktonic
cells, originated from H6-335-P1 treated biofilms, exposed to 0.5 pug/ml ciprofloxacin.
Biofilms were grown on pegs and subsequently treated with and without H6-335-P1.
Biofilms treated with H6-335-P1 (open squares) and without H6-335-P1 (filled squares) as
well as their planktonic cells (open circles) were challenged with antibiotics. The biofilms
were disrupted at 0, 2, 4, 6 and 8 hour and planktonic cells were withdrawn at 0, 1, 2, 3
and 4 hours, diluted and spotted on LB-agar plates for CFU determination. The data are
averages of three replicates. Bars indicate standard deviations.

Figure 8 shows bacterial contents on P. aeruginosa-infected peritoneal implants after
treatment with H6-335-P1 and/or tobramycin/ciprofloxacin. Silicone implants (5 mm long,
6 mm OD x 4mm ID) were incubated with P. aeruginosa cultures (OD 0.1) for 20 hours to
allow bacterial adhesion and subsequent coating. At time t=0, mice had the implants
inserted in the peritoneal cavity and biofilm developed on the implants for 24 hours. (A) At
24 hours and 26 hours post-insertion of the implants (PI), the mice were treated with
either H6-335-P1 (named “H6 P1” in figure 8) 25uM (~ 6 pug/g BW) in 0.2% cyclodextrin or
0.2% cyclodextrin, and at 26 hours PI with 30 ug per g BW tobramycin (TOB) or 0.9%
NaCl. (B) At 24 hours and 26 hours PI mice were treated with either H6-335-P1 25 yM (~
6 ug/g BW) in 0.2% cyclodextrin or 0.2% cyclodextrin, and at 24 hours PI with either 10
Mg per g BW ciprofloxacin (CIP) or 0.9% NaCl. At 28 hours PI the mice were euthanized,
and the bacterial contents as CFU per implant were determined. The median CFU per
implant for the placebo group was set to 100. The median CFU per implant for the placebo
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groups were 8.5 x 108 (A) and 1.5 x 108 (B). Horizontal lines indicate median CFU for each
group. Each symbol represents a mouse. Significance levels are based on Mann-Whitney U
test (analysis of non-parametric data). IP administered doses: TOB: 30 mg/Kg BW, CIP:
10 mg/Kg BW, H6 P1: 2 x 6mg/Kg BW.

Figure 9 shows the synthesis of the water soluble salt H6-335-P1-HCI.

Figure 10A shows bacterial contents on P. aeruginosa-infected urinary tract catheters after
treatment with H6-335-P1 and/or ciprofloxacin. Silicone catheters (5 mm long, 0.64 mm
OD x 0.3 mm ID) incubated with P. aeruginosa cultures (OD 1) for 22 hours to allow
bacterial adhesion and subsequent coating. Mice then had the catheters inserted in the
bladder and biofilm developed on the catheters for 24 hours. At 24 hours and 36 hours
post-insertion (PI) the mice were treated with either H6-335-P1-HCI (50 uM ~ 13 pg/g
BW) or 0.9% NaCl alone, and at 25 hours and 37 hours PI 1 ug per g BW ciprofloxacin
(CIP) or 0.9% NaCl. At 48 hours post-insertion the mice were euthanized, and the
bacterial contents as CFU per implant were determined. Two experiments were pooled, and
the median CFU per implant for the placebo group was set to 100. Horizontal lines indicate
median CFU for each group. Each symbol represents a mouse. IP administered doses: H6
P1: 2 x 13 mg/Kg BW, CIP: 2 x 1 mg/Kg BW.

Figure 10B shows bacterial contents on P. aeruginosa-infected urinary tract catheters after
oral administration with H6-335-P1 in Nutella or Nutella (control). Silicone catheters (5
mm long, 0.64 mm OD x 0.3 mm ID) incubated with P. geruginosa cultures (OD 1) for 22
hours to allow bacterial adhesion and subsequent coating. Mice then had the catheters
inserted in the bladder and biofilm developed on the catheters for 24 hours. At 24 hours
and 36 hours post-insertion (PI) the mice were given Nutella with H6-335-P1-HCI (12.5 uM
or 50 UM corresponding to 3.25 pg/g BW and 13 ug/g BW, respectively) or Nutella alone.
At 48 hours post-insertion the mice were euthanized, and the bacterial contents as CFU
per implant were determined. Two experiments are shown in the figure. The median CFU
per catheter for the control groups were set to 100. The median CFU per catheter for the
placebo groups were 3 x 10°and 7 x 10% Horizontal lines indicate median CFU for each
group. Each symbol represents one mouse. Orally administered doses: 2 x 13 mg/Kg BW,
2 X 3.3 mg/Kg BW.

Figure 11 shows the effect of H6-335-P1 on biofilm development of various Pseudomonas
species. It is evident that the compound inhibits biofilm formation the three shown species.

Figure 12 shows the general pharmaceutical anti-biofilm strategy for treatment of infected
patients with the present invention.
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The present invention will now be described in more detail in the following.

Detailed description of the invention

By means of genetic analyses, the inventors have discovered and demonstrated that H6-
5 compounds according to the invention control the enzymatic activity of the membrane

bound phosphodiesterase BifA to reduce the amount of intracellular c-di-GMP thereby

leading to the inhibition and disruption of Pseudomonas spp. biofilms. In this context, the

following embodiments of the invention are contemplated.

10 Second medical use
According to one embodiment, the present invention relates to an anti-biofilm compound

according to chemical formula (1):

R2 R3
NH-
N’N\
. H N
R N
HN H Formula (1)

15
wherein R!, R?, and R? are independently selected from the group consisting of
hydrogen, hydroxy, fluoro, and oxido with counterion,
wherein the counterion is selected from the group consisting of organic cations,
wherein the group of organic cations is selected from ammonium salts, including
20 protonated forms of arginine, benzathine, chloroprocaine, choline, diethanolamine,
ethanolamine, ethylenediamine, lysine, histidine, meglumine, procaine, triethylamine,
and/or inorganic cations, including sodium, lithium, potassium, calcium, magnesium and
zinc, or a pharmaceutically acceptable salt or tautomer thereof,
for use in treatment and/or prevention of a bacterial biofilm infection.
25
According to a further embodiment, the present invention relates to a compound according

to chemical formula (1):

Formula (1)
30
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wherein R!, R?, and R? are independently selected from the group consisting of
hydrogen, hydroxy, fluoro, and oxido with counterion,

wherein the counterion is selected from the group consisting of organic cations,
wherein the group of organic cations is selected from ammonium salts, including
protonated forms of arginine, benzathine, chloroprocaine, choline, diethanolamine,
ethanolamine, ethylenediamine, lysine, histidine, meglumine, procaine, triethylamine,
and/or inorganic cations, including sodium, lithium, potassium, calcium, magnesium and
zinc, or a pharmaceutically acceptable salt or tautomer thereof,

wherein the pharmaceutically acceptable salt is a salt according to chemical
formula (1) wherein one or more of the primary or secondary amino groups are protonated
and the resulting positive charge countered by anions selected from the group consisting
of organic anions, acetate, trifluoroacetate, aspartate, benzenesulfonate, benzoate,
besylate, bicarbonate, bitartrate, camsylate, carbonate, citrate, decanoate, edetate,
esylate, fumarate, gluceptate, gluconate, glutamate, glycolate, hexanoate,
hydroxynaphthoate, isethionate, lactate, lactobionate, malate, maleate, mandelate,
mesylate, methylsulfate, mucate, napsylate, octanoate, oleate, pamoate, pantothenate,
polygalactonate, propionate, salicylate, stearate, succinate, tartrate, teoclate, tosylate,
inorganic anions, tetrafluoroborate, hexafluorophosphate, bromide, chloride, iodide,
nitrate, phosphate, and sulfate,

for use in treatment of a bacterial infection caused by biofilm-forming bacteria of
the genus Pseudomonas, in particular Pseudomonas spp. including P. aeruginosa.

According to a further embodiment, the present invention relates to an anti-biofilm
compound according to chemical formula (1):

R2 R3
NH-
N’N\
g H N
R’ N
HN H Formula (1)

wherein R!, R?, and R? are independently selected from the group consisting of
hydrogen, hydroxy, fluoro, and oxido with counterion,

wherein the counterion is selected from the group consisting of organic cations,
wherein the group of organic cations is selected from ammonium salts, including
protonated forms of arginine, benzathine, chloroprocaine, choline, diethanolamine,

ethanolamine, ethylenediamine, lysine, histidine, meglumine, procaine, triethylamine,
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and/or inorganic cations, including sodium, lithium, potassium, calcium, magnesium and
zinc, or a pharmaceutically acceptable salt or tautomer thereof,
wherein the pharmaceutically acceptable salt is a salt according to chemical

formula (1) wherein one or more of the primary or secondary amino groups are protonated

and the resulting positive charge countered by anions selected from the group consisting
of organic anions, acetate, trifluoroacetate, aspartate, benzenesulfonate, benzoate,
besylate, bicarbonate, bitartrate, camsylate, carbonate, citrate, decanoate, edetate,
esylate, fumarate, gluceptate, gluconate, glutamate, glycolate, hexanoate,
hydroxynaphthoate, isethionate, lactate, lactobionate, malate, maleate, mandelate,
mesylate, methylsulfate, mucate, napsylate, octanoate, oleate, pamoate, pantothenate,
polygalactonate, propionate, salicylate, stearate, succinate, tartrate, teoclate, tosylate,
inorganic anions, tetrafluoroborate, hexafluorophosphate, bromide, chloride, iodide,
nitrate, phosphate, and sulfate,

wherein the molecular target of said anti-biofilm compounds is the BifA
phosphodiesterase in P. aeruginosa;

for use in treatment of a bacterial infection caused by biofilm-forming bacteria of
the genus Pseudomonas, in particular Pseudomonas spp. including P. aeruginosa.

According to still another embodiment, the present invention relates to an anti-biofilm
compound according to chemical formula (1):

R2 R3
NH,
N/N\
. H N
R /
HN” N
H Formula (1)

wherein R!, R?, and R3 are independently selected from the group consisting of
hydrogen, hydroxy, fluoro, and oxido with counterion,

wherein the counterion is selected from the group consisting of organic cations,
wherein the group of organic cations is selected from ammonium salts, including
protonated forms of arginine, benzathine, chloroprocaine, choline, diethanolamine,
ethanolamine, ethylenediamine, lysine, histidine, meglumine, procaine, triethylamine,
and/or inorganic cations, including sodium, lithium, potassium, calcium, magnesium and
zinc, or a pharmaceutically acceptable salt or tautomer thereof,

for use in treatment of a bacterial infection caused by biofilm-forming bacteria of
the genus Pseudomonas, in particular Pseudomonas spp. including P. aeruginosa and the
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infection is chosen from the group consisting of infections in wounds, eyes, urinary tract

and respiratory tract.

According to a further embodiment, the present invention relates to an anti-biofilm
compound according to chemical formula (1):

R2 R3
NH,
N’N\
g H N
R’ /
N N
H Formula (1)

wherein R!, R?, and R? are independently selected from the group consisting of
hydrogen, hydroxy, fluoro, and oxido with counterion,

wherein the counterion is selected from the group consisting of organic cations,
wherein the group of organic cations is selected from ammonium salts, including
protonated forms of arginine, benzathine, chloroprocaine, choline, diethanolamine,
ethanolamine, ethylenediamine, lysine, histidine, meglumine, procaine, triethylamine,
and/or inorganic cations, including sodium, lithium, potassium, calcium, magnesium and
zinc, or a pharmaceutically acceptable salt or tautomer thereof,

wherein the pharmaceutically acceptable salt is a salt according to chemical
formula (1) wherein one or more of the primary or secondary amino groups are protonated
and the resulting positive charge countered by anions selected from the group consisting
of organic anions, acetate, trifluoroacetate, aspartate, benzenesulfonate, benzoate,
besylate, bicarbonate, bitartrate, camsylate, carbonate, citrate, decanoate, edetate,
esylate, fumarate, gluceptate, gluconate, glutamate, glycolate, hexanoate,
hydroxynaphthoate, isethionate, lactate, lactobionate, malate, maleate, mandelate,
mesylate, methylsulfate, mucate, napsylate, octanoate, oleate, pamoate, pantothenate,
polygalactonate, propionate, salicylate, stearate, succinate, tartrate, teoclate, tosylate,
inorganic anions, tetrafluoroborate, hexafluorophosphate, bromide, chloride, iodide,
nitrate, phosphate, and sulfate,

wherein the anti-biofilm compound or the pharmaceutically acceptable salt or
tautomer thereof is used in combination with one or more antibiotic(s) in a controlled
release formulation or in a form suitable for topical, oral, intravenous, intramuscular or
intraperitoneal administration,

for use in treatment of a bacterial infection caused by biofilm-forming bacteria of
the genus Pseudomonas, in particular Pseudomonas spp. including P. aeruginosa.
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According to still another embodiment, the present invention relates to an anti-biofilm
compound according to chemical formula (1):

R?2 R3
NH,
N/N\
. H N
R V'
HN= N
H Formula (1)

wherein R!, R?, and R3 are independently selected from the group consisting of
hydrogen, hydroxy, fluoro, and oxido with counterion,

wherein the counterion is selected from the group consisting of organic cations,
wherein the group of organic cations is selected from ammonium salts, including
protonated forms of arginine, benzathine, chloroprocaine, choline, diethanolamine,
ethanolamine, ethylenediamine, lysine, histidine, meglumine, procaine, triethylamine,
and/or inorganic cations, including sodium, lithium, potassium, calcium, magnesium and
zinc, or a pharmaceutically acceptable salt or tautomer thereof,

wherein the anti-biofilm compound or the pharmaceutically acceptable salt or
tautomer thereof is used in combination with one or more antibiotic(s) in a controlled
release formulation or in a form suitable for topical, oral, intravenous, intramuscular or
intraperitoneal administration,

for use in treatment of a bacterial infection caused by biofilm-forming bacteria of
the genus Pseudomonas, in particular Pseudomonas spp. including P. aeruginosa and the
infection is chosen from the group consisting of infections in wounds, eyes, urinary tract

and respiratory tract.
According to still another embodiment, the present invention relates to a an anti-biofilm

compound 4-[(2-fluorophenyl) hydrazinylidene]pyrazole-3,5-diamine (H6-335-P1) having
the following formula (2):

F
L™
H’N\I(\IN
NH
HN Formula (2)

or a pharmaceutically acceptable salt or tautomer thereof,
for use in treatment of a bacterial infection.
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According to a further embodiment, the present invention relates to an anti-biofilm
compound 4-[(2-fluorophenyl) hydrazinylidene]pyrazole-3,5-diamine (H6-335-P1) having
the following formula (2):

F
L™
_N

NH
HN Formula (2)

or a pharmaceutically acceptable salt or tautomer thereof,

wherein the pharmaceutically acceptable salt is a salt according to chemical
formula (1) wherein one or more of the primary or secondary amino groups are protonated
and the resulting positive charge countered by anions selected from the group consisting
of organic anions, acetate, trifluoroacetate, aspartate, benzenesulfonate, benzoate,
besylate, bicarbonate, bitartrate, camsylate, carbonate, citrate, decanoate, edetate,
esylate, fumarate, gluceptate, gluconate, glutamate, glycolate, hexanoate,
hydroxynaphthoate, isethionate, lactate, lactobionate, malate, maleate, mandelate,
mesylate, methylsulfate, mucate, napsylate, octanoate, oleate, pamoate, pantothenate,
polygalactonate, propionate, salicylate, stearate, succinate, tartrate, teoclate, tosylate,
inorganic anions, tetrafluoroborate, hexafluorophosphate, bromide, chloride, iodide,
nitrate, phosphate, and sulfate,

for use in treatment of a bacterial infection caused by biofilm-forming bacteria of
the genus Pseudomonas, in particular Pseudomonas spp. including P. aeruginosa.

According to still another embodiment, the present invention relates to an anti-biofilm
compound 4-[(2-fluorophenyl) hydrazinylidene]pyrazole-3,5-diamine (H6-335-P1) having
the following formula (2):

F
@ NH,
_N
NH
HN Formula (2)

or a pharmaceutically acceptable salt or tautomer thereof,

wherein the pharmaceutically acceptable salt is a salt according to chemical
formula (1) wherein one or more of the primary or secondary amino groups are protonated
and the resulting positive charge countered by anions selected from the group consisting
of organic anions, acetate, trifluoroacetate, aspartate, benzenesulfonate, benzoate,
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besylate, bicarbonate, bitartrate, camsylate, carbonate, citrate, decanoate, edetate,
esylate, fumarate, gluceptate, gluconate, glutamate, glycolate, hexanoate,
hydroxynaphthoate, isethionate, lactate, lactobionate, malate, maleate, mandelate,
mesylate, methylsulfate, mucate, napsylate, octanoate, oleate, pamoate, pantothenate,
polygalactonate, propionate, salicylate, stearate, succinate, tartrate, teoclate, tosylate,
inorganic anions, tetrafluoroborate, hexafluorophosphate, bromide, chloride, iodide,
nitrate, phosphate, and sulfate,

for use in treatment of a bacterial infection caused by biofilm-forming bacteria of
the genus Pseudomonas, in particular Pseudomonas spp. including P. aeruginosa and the
infection is chosen from the group consisting of infections in wounds, eyes, urinary tract

and respiratory tract.

According to a still further embodiment, the present invention relates to an anti-biofilm
compound 4-[(2-fluorophenyl) hydrazinylidene]pyrazole-3,5-diamine (H6-335-P1) having
the following formula (2):

F
@: NH,
_N
NH
HN Formula (2)

or a pharmaceutically acceptable salt or tautomer thereof,

wherein the pharmaceutically acceptable salt is a salt according to chemical
formula (1) wherein one or more of the primary or secondary amino groups are protonated
and the resulting positive charge countered by anions selected from the group consisting
of organic anions, acetate, trifluoroacetate, aspartate, benzenesulfonate, benzoate,
besylate, bicarbonate, bitartrate, camsylate, carbonate, citrate, decanoate, edetate,
esylate, fumarate, gluceptate, gluconate, glutamate, glycolate, hexanoate,
hydroxynaphthoate, isethionate, lactate, lactobionate, malate, maleate, mandelate,
mesylate, methylsulfate, mucate, napsylate, octanoate, oleate, pamoate, pantothenate,
polygalactonate, propionate, salicylate, stearate, succinate, tartrate, teoclate, tosylate,
inorganic anions, tetrafluoroborate, hexafluorophosphate, bromide, chloride, iodide,
nitrate, phosphate, and sulfate,

wherein the anti-biofilm compound or the pharmaceutically acceptable salt or
tautomer thereof is used in combination with one or more antibiotic(s) in a controlled
release formulation or in a form suitable for topical, oral, intravenous, intramuscular or

intraperitoneal administration,
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for use in treatment of a bacterial infection caused by biofilm-forming bacteria of
the genus Pseudomonas, in particular Pseudomonas spp. including P. aeruginosa and the
infection is chosen from the group consisting of infections in wounds, eyes, urinary tract

and respiratory tract.

Compounds as such
According to another embodiment, the present invention relates to a compound according
to Formula (3)

Formula (3)

wherein R!, R?, and R3? are substituents to the benzene ring independently selected
from the group consisting of hydrogen, carboxy, carbamoyl, aminosulfonyl, hydroxy,
amino, (Ci-Ca)alkyl, (Ci-Cs)alkoxy, (C,-Cs)alkenyloxy, fluoro, chloro, iodo, bromo, amino,
nitro, trifluoromethyl, and oxido further connected to a cationic counterion,R* is selected
from the group consisting of —NHR®, —NH,, and —NHs",
X is selected from the group consisting of NR®, NH, and NH",
Y is selected from the group consisting of NR7, NH, and NH,™*,
R%, R%, and R” are independently selected from the group consisting of hydrogen, (Ci-
Ca)alkyl, acetyl, optionally substituted phenyl, optionally substituted benzyl, benzoyl,
benzenesulfonyl, aminobenzenesulfonyl, hydroxy(Ci-Cs)alkyl, and pyridinoyl, and
wherein any or all of the —NHs* groups or NH>™ moieties are further connected to
anionic counterions;

or a pharmaceutically acceptable salt thereof, or tautomer thereof.
Use of H6-compounds for dispersing biofilms in industrial water systems

According to another embodiment, the present invention relates to use of an anti-biofilm
compound according to chemical formula (1):

Formula (1)
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wherein R!, R?, and R? are independently selected from the group consisting of
hydrogen, hydroxy, fluoro, and oxido with counterion,
wherein the counterion is selected from the group consisting of organic cations,
wherein the group of organic cations is selected from ammonium salts, including
5 protonated forms of arginine, benzathine, chloroprocaine, choline, diethanolamine,
ethanolamine, ethylenediamine, lysine, histidine, meglumine, procaine, triethylamine,
and/or inorganic cations, including sodium, lithium, potassium, calcium, magnesium and
zing, or a salt or tautomer thereof,
for dispersing biofilms in industrial water systems formed by bacteria of the genus
10 Pseudomonas, in particular Pseudomonas spp. including P. aeruginosa.

According to still another embodiment, the present invention relates to use of an anti-
biofilm compound according to chemical formula (1):

R2 R3
NH,
N/N\
. H N
R N
HN
15 H Formula (1)

wherein R!, R?, and R? are independently selected from the group consisting of
hydrogen, hydroxy, fluoro, and oxido with counterion,

wherein the counterion is selected from the group consisting of organic cations,
20 wherein the group of organic cations is selected from ammonium salts, including
protonated forms of arginine, benzathine, chloroprocaine, choline, diethanolamine,
ethanolamine, ethylenediamine, lysine, histidine, meglumine, procaine, triethylamine,
and/or inorganic cations, including sodium, lithium, potassium, calcium, magnesium and
zing, or a salt or tautomer thereof,
25 wherein the anti-biofilm compound, salt or tautomer thereof is combined with a
detergent and/or a biocide.

for dispersing biofilms in industrial water systems formed by bacteria of the genus
Pseudomonas, in particular Pseudomonas spp. including P. aeruginosa.

30 According to still another embodiment, the present invention relates to use of an anti-
biofilm compound 4-[(2-fluorophenyl) hydrazinylidene]pyrazole-3,5-diamine (H6-335-P1)
having the following formula (2):
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N Formula (2)
or a salt or tautomer thereof, for preventing development of biofilms and or dispersing
already formed biofilms in industrial water systems formed by bacteria of the genus
Pseudomonas, in particular Pseudomonas spp. including P. aeruginosa.

According to still another embodiment, the present invention relates to use of an anti-
biofilm compound 4-[(2-fluorophenyl) hydrazinylidene]pyrazole-3,5-diamine (H6-335-P1)
having the following formula (2):

F
L0
-N

NH
HN Formula (2)
or a salt or tautomer thereof,
for dispersing biofilms in industrial water systems formed by bacteria of the genus
Pseudomonas, in particular Pseudomonas spp. including P. aeruginosa
wherein the anti-biofilm compound or a salt thereof is combined with a detergent
and/or a biocide.

Method of treatment
Another aspect of the present invention relates to a method of treating a bacterial infection
in @ human subject in need thereof by applying to said subject an anti-biofilm compound

according to chemical formula (1):
R? R3
NH,
N’N\
d H N
R’ N
HN H Formula (1)

wherein R!, R?, and R3 are independently selected from the group consisting of

25 hydrogen, hydroxy, fluoro, and oxido with counterion,

wherein the counterion is selected from the group consisting of organic cations,
wherein the group of organic cations is selected from ammonium salts, including

protonated forms of arginine, benzathine, chloroprocaine, choline, diethanolamine,
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ethanolamine, ethylenediamine, lysine, histidine, meglumine, procaine, triethylamine,
and/or inorganic cations, including sodium, lithium, potassium, calcium, magnesium and

zinc, or a pharmaceutically acceptable salt or tautomer thereof.

Still another aspect of the present invention relates to a method of treating a bacterial
infection in a human subject in need thereof by applying to said subject an anti-biofilm
compound according to chemical formula (1):

R?2 R3
NH,
N/N\
. H N
R V'
HN= N
H Formula (1)

wherein R!, R?, and R? are independently selected from the group consisting of
hydrogen, hydroxy, fluoro, and oxido with counterion,

wherein the counterion is selected from the group consisting of organic cations,
wherein the group of organic cations is selected from ammonium salts, including
protonated forms of arginine, benzathine, chloroprocaine, choline, diethanolamine,
ethanolamine, ethylenediamine, lysine, histidine, meglumine, procaine, triethylamine,
and/or inorganic cations, including sodium, lithium, potassium, calcium, magnesium and
zinc, or a pharmaceutically acceptable salt or tautomer thereof,

wherein the pharmaceutically acceptable salt is a salt according to chemical
formula (1) wherein one or more of the primary or secondary amino groups are protonated
and the resulting positive charge countered by anions selected from the group consisting
of organic anions, acetate, trifluoroacetate, aspartate, benzenesulfonate, benzoate,
besylate, bicarbonate, bitartrate, camsylate, carbonate, citrate, decanoate, edetate,
esylate, fumarate, gluceptate, gluconate, glutamate, glycolate, hexanoate,
hydroxynaphthoate, isethionate, lactate, lactobionate, malate, maleate, mandelate,
mesylate, methylsulfate, mucate, napsylate, octanoate, oleate, pamoate, pantothenate,
polygalactonate, propionate, salicylate, stearate, succinate, tartrate, teoclate, tosylate,
inorganic anions, tetrafluoroborate, hexafluorophosphate, bromide, chloride, iodide,
nitrate, phosphate, and sulfate.

Still another aspect of the present invention relates to a method of treating a bacterial
infection in a human subject in need thereof by applying to said subject an anti-biofilm
compound 4-[(2-fluorophenyl) hydrazinylidene]pyrazole-3,5-diamine (H6-335-P1) having
the following formula (2):
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NH
HN Formula (2)

or a pharmaceutically acceptable salt or tautomer thereof,

wherein the pharmaceutically acceptable salt is a salt according to chemical
formula (1) wherein one or more of the primary or secondary amino groups are protonated
and the resulting positive charge countered by anions selected from the group consisting
of organic anions, acetate, trifluoroacetate, aspartate, benzenesulfonate, benzoate,
besylate, bicarbonate, bitartrate, camsylate, carbonate, citrate, decanoate, edetate,
esylate, fumarate, gluceptate, gluconate, glutamate, glycolate, hexanoate,
hydroxynaphthoate, isethionate, lactate, lactobionate, malate, maleate, mandelate,
mesylate, methylsulfate, mucate, napsylate, octanoate, oleate, pamoate, pantothenate,
polygalactonate, propionate, salicylate, stearate, succinate, tartrate, teoclate, tosylate,
inorganic anions, tetrafluoroborate, hexafluorophosphate, bromide, chloride, iodide,
nitrate, phosphate, and sulfate.

Still another aspect of the present invention relates to a method of treating a bacterial
infection infections in wounds, eyes, urinary tract and respiratory tract caused by biofilm-
forming bacteria of the genus Pseudomonas, in particular Pseudomonas spp. including P.
aeruginosa, in a human subject in need thereof by applying to said subject an anti-biofilm
compound 4-[(2-fluorophenyl) hydrazinylidene]pyrazole-3,5-diamine (H6-335-P1) having
the following formula (2):

F
L™
H’N\I(\IN
NH
HN Formula (2)

or a pharmaceutically acceptable salt or tautomer thereof;

wherein the pharmaceutically acceptable salt is a salt according to chemical
formula (1) wherein one or more of the primary or secondary amino groups are protonated
and the resulting positive charge countered by anions selected from the group consisting
of organic anions, acetate, trifluoroacetate, aspartate, benzenesulfonate, benzoate,
besylate, bicarbonate, bitartrate, camsylate, carbonate, citrate, decanoate, edetate,
esylate, fumarate, gluceptate, gluconate, glutamate, glycolate, hexanoate,
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hydroxynaphthoate, isethionate, lactate, lactobionate, malate, maleate, mandelate,
mesylate, methylsulfate, mucate, napsylate, octanoate, oleate, pamoate, pantothenate,
polygalactonate, propionate, salicylate, stearate, succinate, tartrate, teoclate, tosylate,
inorganic anions, tetrafluoroborate, hexafluorophosphate, bromide, chloride, iodide,
nitrate, phosphate, and sulfate.

Still another aspect of the present invention relates to a method of treating a bacterial
infection in wounds, eyes, urinary tract and respiratory tract caused by biofilm-forming
bacteria of the genus Pseudomonas, in particular Pseudomonas spp. including P.
aeruginosa, in a human subject in need thereof by applying to said subject an anti-biofilm
compound 4-[(2-fluorophenyl) hydrazinylidene]pyrazole-3,5-diamine (H6-335-P1) having
the following formula (2):

F
@ NH.
_N
NH
HN Formula (2)

or a pharmaceutically acceptable salt or tautomer thereof,

wherein the pharmaceutically acceptable salt is a salt according to chemical
formula (1) wherein one or more of the primary or secondary amino groups are protonated
and the resulting positive charge countered by anions selected from the group consisting
of organic anions, acetate, trifluoroacetate, aspartate, benzenesulfonate, benzoate,
besylate, bicarbonate, bitartrate, camsylate, carbonate, citrate, decanoate, edetate,
esylate, fumarate, gluceptate, gluconate, glutamate, glycolate, hexanoate,
hydroxynaphthoate, isethionate, lactate, lactobionate, malate, maleate, mandelate,
mesylate, methylsulfate, mucate, napsylate, octanoate, oleate, pamoate, pantothenate,
polygalactonate, propionate, salicylate, stearate, succinate, tartrate, teoclate, tosylate,
inorganic anions, tetrafluoroborate, hexafluorophosphate, bromide, chloride, iodide,
nitrate, phosphate, and sulfate

wherein the anti-biofilm compound or the pharmaceutically acceptable salt or
tautomer thereof is used in combination with one or more antibiotic(s) e.g. selected from
the group consisting of ciprofloxacin, tobramycin and meropenem in a controlled release
formulation or in a form suitable for topical, oral, intravenous, intramuscular or

intraperitoneal administration.

It should be noted that embodiments and features described in the context of one of the
aspects of the present invention also apply to the other aspects of the invention.
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All patent and non-patent references cited in the present application, are hereby
incorporated by reference in their entirety.

The invention will now be described in further details in the following non-limiting

examples and figures.

Examples

Example 1 (identification and subsequent synthesis of a chemical compound that triggers
reduction of the intracellular c-di-GMP pool)

The inventors of the present invention embarked on a high-throughput approach to screen
a synthetic chemical 50.000 compound library for identification of a molecule capable of
significantly reducing the c-di-GMP level of a P. aeruginosa AwspFApelAps! mutant, which
carries the “fluorescent” cdrA-gfp fusion. The AwspF mutant overproduces ¢c-di-GMP and
the ApelAps!/ mutations renders the bacteria deficient in exopolysaccharide production,
which keeps the growing bacteria in the planktonic mode.

As judged from the fluorescent output, the most potent compound, denoted H6-335, was
at a concentration of 100 uM capable of reducing the fluorescent output of the c-di-GMP
monitor with 62% (data not shown).

Synthesis

General Methodologies

All solvents were of HPLC quality from either Sigma Aldrich or VWR Chemicals these and
other commercially available reagents were used without further purification. The dry DCM
was obtained from a Pure-SolveTM MD-7 Solvent Purification System, from Innovative
Technology were Al,Oz was used as the stationary phase.

IH-NMR, '3C-NMR, COSY spectra were recorded on Bruker Ascend spectrometer with a
Prodigy cryo-probe operating at 400 MHz for *H-NMR and 101 MHz for 13C-NMR by
dissolving the molecule in a deuterated solvent. The specific deuterated solvent used for
each compound is stated in Table 2. Chemical shifts (3) are reported in ppm downfield
from TMS (8 = 0) using solvent resonance as the internal standard (chloroform-d, *H: 7.26
ppm, 3C: 77.16 ppm; dimethylsulfoxide-de, *H: 2.50 ppm, '3C: 39.52 ppm). Coupling
constants (J) are reported in Hz and the field is reported in each case. Multiplicities are
reported as singlet (s), broad singlet (br. s), doublet (d), doublet of doublets (dd), doublet
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