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COMPOUNDS WITH ONE OR MORE FUNCTIONAL GROUPS AND USE THEREOF IN LIQUID
DISINFECTANTS

TECHNICAL FIELD
The present disclosure relates to the field of biocidal compounds and precursors thereof. In
particular, the present disclosure relates to biocidal compounds, and precursors thereof, that can be

used in a liquid application, such as a liquid disinfectant.

BACKGROUND
Microbial resistance to biocidal compounds poses a large and growing threat to human health
during the 21st century. Various circumstances and applications call for the use of liquid disinfectants
that include biocidal compounds. Currently, there are different broad-spectrum biocidal compounds
extensively employed during disinfection applications, including: silver, hydrogen peroxide, nitrogen

oxide, sodium hypochlorite, quaternary ammonium compounds (QAC) and N-halamine compounds.

It is known that the combination of QACs with N-halamine provides a greater biocidal activity
when compared to the activity of these components alone. However, N-halamine compounds may
have a range of different stabilities in environments that comprise organic content, for example
biological fluids and other protein-based contaminants. This stability range may be based on the
dissociation constant of each N-halamine compound which permits the chloronium ion to transfer to
other amines within the organic content. The loss of the chloronium ion can cause the N-halamine
compound to lose some or all of its biocidal activity. For example, organic content within an
environment with may quench the functionality of the N-halamine. This instability presents a challenge
to using N-halamine compounds in various applications where it is desirable to kill microbes within an
environment with organic content. The organic content can also decrease the biocidal activity of

QACs through other mechanisms.

SUMMARY
Embodiments of the present disclosure comprise compounds that are selected from a group of

compounds that have the general formula (Formula 1a):

R, X . X /R3
/\L-I/ N‘M\
AT\ / Tz

R Ra (1a),
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wherein L is nil or nitrogen,
when L is nil:
both R+ and Ry are nil,

M is nitrogen or phosphorous,

5
when M is nitrogen, R; and Rsare each ChHpn+1y,
nis either 1 or 2,
when M is phosphorous, R3 and R4 are both one of methyl, ethyl and phenyl,
Ais:
Qv
'l“
Rs
10
Gis:
N\
SN
/
N
Zis CnaH(Zna+1),
where na=121t0 24
15
and Rs is one of hydrogen, chlorine, bromine, iodine and CH3CO;
when L is nitrogen:
M is nitrogen or phosphorous,
when M is nitrogen, each of R1,R2,Rsand R4 are CnoHpnb+1y,
nb is one of 1 or 2,
20

when M is phosphorous, R3 and R4 are both one of methyl, ethyl and phenyl,
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Ais:
0]
N
—
o ’

G is -(CHz)nc- and where nc is 0 or an integer between 1 and 12

\
Rs

N
/
or Re
Z is CndH2ng+1),
nd is an integer between 1 and 16,

Rs and Re are each one of hydrogen, chlorine, bromine, iodine and CHsCO; and

X is an anionic counter-charge selected from the group of Cl-, Br- and PO.*, when X- is PO4* the anionic

counter-charge balances with respect to the cation.

10 Other embodiments of the present disclosure comprise compounds that are selected a group of

compounds that have the general formula (Formula 1b):

(1b),

wherein R9 is CneH2ne+1 @and n is an integer between 10 and 20 or R4 is CoH2pNHz and p is an
integer between 1 and 10;
wherein R; and Rs are each independly one of CH; or CH2CHs;

15
wherein Y is an integer between 4 and 20; and

wherein X is one of hydrogen, chlorine, bromine or iodine.

Embodiments of the present disclosure comprise compounds that are selected from a group of
compounds that have the general formula (Formula 2):
C D (2),
20
wherein C is one of CsHs(COOH);, CsHs(COOH);, CsH1o(COOH);, CeH12(COOH). or
combinations thereof; and

wherein D is VaW?,
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wherein V is

wherein when Xs is C then Qi+, Q2, Q3 and Q4 are all Hyand D is Hy or when X; is N then Q4 and

Q2 are each CHs;, Qs and Q4 are collectively =0 and D is =0O;

wherein Y1 and Y2 are each independently an integer between 2 and 12;
wherein W is PO, SO4, HPO40r W* is 3F -, 3Cl -or 3Br -;

wherein R1 is CHs or =CHy; and

wherein X is one of hydrogen, chlorine, bromine or iodine.

Some further embodiments of the present disclosure relate to the use of the above compounds
as biocides that are delivered in a liquid state and may be used in environments with or without a relative-
protein content. In some embodiments of the present disclosure, the compounds have biocidal activity
or the potential for increased biocidal activity. In some embodiments of the present disclosure, the
compounds may be modified by chemically connecting, attaching or bonding a halogen moiety to the

biocide compound to provide the biocidal activity or to increase the biocidal activity.

Embodiments of the present disclosure may be dissolved, either completely or partially, into
aqueous-based solutions. The compound or a combination of compounds disclosed herein may be
added into the aqueous-based solution in a non-halogenated form and then halogenated within the
aqueous-based solution. Optionally, the compound or compounds may be added into the aqueous-
based solution in an already halogenated form and the compound or compounds may be halogenated
again or repeatedly to extend the time-frame over which the compound has biocidal activity while the

aqueous-based solution is being used in an application.

Further embodiments of the present disclosure relate to the use of the above compounds in
combination with one or more potentiator compounds that alter the biocidal activity of the above
compounds. Examples of potentiator compounds may include an inorganic compound, a surfactant or

combinations thereof.
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Further embodiments of the present disclosure relate to a liquid biocide with a formulation that
comprises: one or more of the above compounds in combination with one or more potentiator

compounds, or not, and further additive ingredients.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features of the present disclosure will become more apparent in the following

detailed description in which reference is made to the appended drawings, wherein:

FIG. 1 is a schematic representation of an example of a chemical reaction scheme for

synthesizing compounds according to an embodiment of the present disclosure;

FIG. 2 is another schematic representation of an example of a chemical reaction scheme for

synthesizing compounds according to another embodiment of the present disclosure;

FIG. 3 is another schematic representation of an example of a chemical reaction scheme for
synthesizing compounds according to another embodiment of the present disclosure, wherein FIG. 3A

shows a synthesis reaction and FIG. 3B shows a halogenation reaction;

FIG. 4 is another schematic representation of an example of a chemical reaction scheme for

synthesizing compounds according to another embodiment of the present disclosure;

FIG. 5 is another schematic representation of an example of a chemical reaction scheme for
synthesizing compounds according to another embodiment of the present disclosure, wherein FIG. 5A
shows a chemical reaction scheme for producing a compound with a six-carbon chain between cationic
centers and FIG. 5B shows a chemical reaction scheme for producing a compound with a four-carbon

chain between cationic centers;

FIG. 6 is a line graph showing an example of experimental bacterial killing data that compares

some of the embodiments of the present disclosure in 0 % fetal bovine serum (FBS);

FIG. 7 is a line graph showing an example of experimental bacterial killing data that compares

some of the embodiments of the present disclosure in 5 % FBS;

FIG. 8 is a line graph showing an example of experimental bacterial killing data that compares

some of the embodiments of the present disclosure in 20 % FBS;

FIG. 9 is a line graph showing an example of experimental bacterial killing data that compares

some of the embodiments of the present disclosure before and after in situ halogenation;

FIG. 10 is a line graph showing an example of experimental bacterial killing data that compares

some of the embodiments of the present disclosure in Mueller Hinton broth;
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FIG. 11 is a line graph showing an example of experimental bacterial killing data that compares

some of the embodiments of the present disclosure in 0 % FBS;

FIG. 12 is a line graph showing an example of experimental bacterial killing data that compares

some of the embodiments of the present disclosure in 5 % FBS;

FIG. 13 is a line graph showing an example of experimental bacterial killing data that compares

some of the embodiments of the present disclosure in 20 % FBS;

FIG. 14 is NMR data that demonstrates the chemical composition of one of the compounds

disclosed herein;

FIG. 15 is NMR data that demonstrates the chemical composition of another compound

disclosed herein;

FIG. 16 is another schematic representation of an example of a chemical reaction scheme for

synthesizing compounds according to another embodiment of the present disclosure;

FIG. 17 is another schematic representation of an example of a chemical reaction for

synthesizing compounds according to another embodiment of the present disclosure;

FIG. 18 is two bar graphs that each show an example of experimental bacterial killing data that
compares some embodiment of the present disclosure, wherein FIG. 18A shows a comparison of
different potentiator ingredients; and FIG. 18B shows a comparison different ratios of one potentiator to

a compound of the present disclosure;

FIG. 19 is another schematic representation of an example of a chemical reaction scheme for

synthesizing compounds according to another embodiment of the present disclosure.

FIG. 20 is a schematic representation of an exemplary chemical reaction for synthesizing an

exemplary biocidal compound according to an embodiment of the present disclosure;

FIG. 21 shows three line-graphs that each depict biocidal-activity data of compounds according
to embodiments of the present disclosure in high protein media or phosphate buffered saline, wherein
FIG. 21A shows exemplary data obtained from experiments with a first bacterial specie and two
compounds; FIG. 21B shows exemplary data obtained from experiments with the first bacterial specie
and two other compounds; and FIG. 21C shows exemplary data obtained from experiments with the first

bacterial specie and two further compounds;

FIG. 22 shows three line-graphs that each depict biocidal-activity data of compounds according
to embodiments of the present disclosure in high protein media or phosphate buffered saline, wherein

FIG. 22A shows exemplary data obtained from experiments with a second bacterial specie and two
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compounds; FIG. 22B shows exemplary data obtained from experiments with the second bacterial
specie and two other compounds; and FIG. 22C shows exemplary data obtained from experiments with

the second bacterial specie and two further compounds;

FIG. 23 shows three line-graphs that each depict biocidal-activity data of compounds according
to embodiments of the present disclosure in high protein media or phosphate buffered saline, wherein
FIG. 23A shows exemplary data obtained from experiments with a third bacterial specie and two
compounds; FIG. 23B shows exemplary data obtained from experiments with the third bacterial specie
and two other compounds; and FIG. 23C shows exemplary data obtained from experiments with the

third bacterial specie and two further compounds; and

FIG. 24 is a line graph that depicts the stability of C18 (amide based N-halamine), 6a and 6b
(amine based N-halamines) in the presence of 5% FBS (Fetal bovine serum) over a 120-minutes time-

course.

DETAILED DESCRIPTION

Embodiments of the present disclosure relate to compounds that have one, two or more function
groups, where the functional groups may be selected from a group consisting of an N-halamine
precursor, a piperidine, a hydantoin, a cationic center with an ammonium or phosphonium or
combinations thereof. The compounds may have biocidal activity and the compounds may subsequently
be chemically modified to enhance or provide biocidal activity. The chemical modification may be
performed in situ and repeated once or multiple times to extend the time-frame over which the
compounds have the desired biocidal activity. The functional groups may be physically separated from
one another by other atoms within the compound and this physical separation may provide a desired

compound-stability and influence the compound’s biocidal activity.

Embodiments of the present disclosure relate to compounds that have the potential for biocidal
activity or that have actual biocidal activity and that biocidal activity will persist in a liquid state in an
environment with various degrees of relative protein content, such as a low-relative protein content, a
medium-relative protein content or a high-relative protein content. Relative-protein content may also be
referred to herein as organic load. The degree of the relative-protein content may be based upon various
factors within the environment, such as temperature, pH, the concentration or total mass of the
protein(s), the types of proteins and/or the inhibitory effect of the protein(s) within the environment.
Without being bound by any particular theory, compounds that comprise multiple functional groups or
moieties may have different relative stabilities in the liquid state when in the presence of proteins or
other inhibitory organic content. These relative stabilities may be based on the dissociation constant of

the functional groups or moieties within the compounds. For example, the stability of an N-halamine
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with an amine may be more stable than an N-halamines with an amide. An N-halamine with an amide

may be more stable than an N-halamine with an imide.
Definitions

Unless defined otherwise, 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 disclosure belongs.

As used herein, the term “about” refers to an approximately +/-10% variation from a given value.
It is to be understood that such a variation is always included in any given value provided herein, whether

or not it is specifically referred to.

As used herein, the term "activity” refers to biocidal activity that kKills, inhibits the growth of or

otherwise renders a microbe harmless.

The terms "biocide" as used herein means a chemical compound, a chemical composition or a
chemical formulation, such as a disinfectant, that has biocidal activity and can kill or render harmless

one or more microbes.

The terms "halo" or "halogen" by themselves or as part of another substituent, as used herein,
have the same meaning as commonly understood by one of ordinary skill in the art, and refer to chlorine,

bromine or iodine.

The term “liquid” as used herein means an incompressible fluid that may be in the form of a bulk

phase, a surface phase, a spray, a droplet, a micro droplet or a nano droplet.

As used herein, the terms “microbe” and “microbes” refer to one or more single celled, or multi-

cellular, microorganisms exemplified by at least one of bacterium, archaea, yeast or fungi.

The term "N-halamine" as used herein refers to a compound containing one or more nitrogen-
halogen covalent bonds that is normally formed by the halogenation of imide, amide or amine groups of
a compound. The presence of the halogen on an N-halamine moiety may render the compound biocidal
or enhance the compound’s biocidal activity. N-halamines, as referred to in the present disclosure,

include both cyclic, acyclic N-halamine compounds and precursors to N-halamine compounds.

The terms "quaternary ammonium cation”, "quaternary ammonium compound", "quaternary
ammonium salt", "QAC", and "quat" may be used interchangeably throughout the present disclosure to
refer to ammonium compounds in which four organic groups are linked to a nitrogen atom that produces

a positively charged ion (cation) of the structure NR4™.

Embodiments of the present disclosure will now be described by reference to the figures, FIG. 1

to FIG. 24. The figures show examples of reactions that may be used to synthesize various
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embodiments of the present disclosure. The figures also show examples of experimental data that

demonstrate biocidal activity and the potential therefor of embodiments of the present disclosure.

Embodiments of the present disclosure comprise compounds that are selected from a group of

compounds that have the general formula (Formula 1a):

5
R, X X R,
AT\ / Tz
R R (1a),
wherein L is nil or nitrogen,
when L is nil:
10
both R4 and Rz are nil,
M is nitrogen or phosphorous,
when M is nitrogen, R3 and Rsare each CrHen+1y,
nis either 1 or 2,
when M is phosphorous, R3 and R4 are both one of methyl, ethyl and phenyl,
15
Ais:
Qv
\
Rs

Gis:
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Zis CnaH(Zna+1),
where na =12 to 24

and Rs is one of hydrogen, chlorine, bromine, iodine and CH3;CO;

° when L is nitrogen:
M is nitrogen or phosphorous,
when M is nitrogen, each of R1,R2,Rsand R4 are CnoHpnb+1y,
nb is one of 1 or 2,
when M is phosphorous, R3 and R4 are both one of methyl, ethyl and phenyl,
10 Ais:
O
e
) N
Rs  or Re O
G is -(CHz)nc- and where nc is 0 or an integer between 1 and 12
Z is CraH2ng+1),
nd is an integer between 1 and 16,
15

Rs and Re are each one of hydrogen, chlorine, bromine, iodine and CHsCO; and

X is an anionic counter-charge selected from the group of Cl-, Br- and PO.*, when X- is PO, the anionic

counter-charge balances with respect to the cation.

Other embodiments of the present disclosure comprise compounds that are selected a group of

compounds that have the general formular (Formula 1b):
20



WO 2017/197518 PCT/CA2017/050598

11

(1b),

wherein R9 is CneH2ne+1 @and n is an integer between 10 and 20 or R4 is CoH2pNHz and p is an

integer between 1 and 10;
wherein R7 and Rs are each independly one of CHs or CH2CHs;
wherein Y is an integer between 4 and 20; and
wherein X is one of hydrogen, chlorine, bromine or iodine.

Other embodiments of the present disclosure comprise compounds that are selected from a

group of compounds that have the general formula (Formula 2):
10
C D (2),

wherein C is one of C3H6(COOH)2, C4H3(COOH)2, C5H10(COOH)2, C6H12(COOH)2 or

combinations thereof; and
wherein D is VaW?,

wherein V is

15

wherein when Xs is C then Qi+, Q2, Q3 and Q4 are all Hyand D is Hy or when X; is N then Q4 and
Qy are each CHs, Qs and Q4 are collectively =0 and D is =0O;

wherein Y1 and Y2 are each independently an integer between 2 and 12;
wherein W is PO4, SO4, HPOs0r W* is 3F -, 3Cl -or 3Br ~;

20
wherein R1 is CH; or =CH3; and
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wherein X is one of hydrogen, chlorine, bromine or iodine.

The above compounds can be delivered in a liquid state while demonstrating biocidal activity or
the potential for increased biocidal activity. For example the above compounds may be introduced as a

liquid such as an aqueous-based liquid or a non-aqueous based liquid.

Some embodiments of the present disclosure relate to the compounds described herein forming

all of or part of a liquid disinfectant that has biocidal activity or the potential for increased biocidal activity.

Some embodiments of the present disclosure relate to the compounds described herein forming
all or part of a liquid disinfectant and the compounds have the potential for biocidal activity. These
embodiments with the potential for biocidal activity may be chemically modified to provide the biocidal
activity. Optionally, the compounds described herein that have the potential for biocidal activity may be

chemically modified once or multiple times to provide the biocidal activity.

Some embodiments of the present disclosure relate to a liquid disinfectant formulation that
comprises one or more of compounds described herein, wherein the disinfectant formulation has biocidal

activity or the potential for biocidal activity.

Some embodiments of the present disclosure relate to a formula for a liquid disinfectant that
comprises one or more of the compounds described herein and a potentiator compound. The potentiator
compound may enhance the biocidal activity of the liquid disinfectant either following a chemical
modification of the liquid disinfectant or not. In one embodiment of the present disclosure the potentiator
compound is an inorganic compound, for example ammonium chloride. In another embodiment of the
present disclosure the potentiator compound is a surfactant. Other embodiments of the present
disclosure relate to a formula for a liquid disinfectant that comprises one or more of the compounds

described herein and one or more potentiator compounds.

Some embodiments of the present disclosure relate to a liquid disinfectant that comprises one
or more of the compounds that have biocidal activity and/or the potential for increased biocidal activity.
The liquid disinfectants may be used for cleaning, disinfecting or for controlling microbe levels in at
least the following applications or products: animal housing facilities including at least veterinarian or
agricultural facilities; transportation equipment; horticultural facilities; aqua-culture facilities; laboratory
equipment; water-based building materials including at least paint, joint cements, spackling and
grouting, adhesives and polymer emulsions; water processing facilities where the liquid disinfectant
may be recirculated and will not necessarily be disposed of following disinfection including at least
non-potable fountain solutions, recirculating water cooling towers, closed loop water cooling systems
and industrial baths; pulp and paper processing facilities including at least pulp slurries, paper mill
process waters, pigments, filler slurries and mineral slurries; industrial or manufacturing facilities

including at least metal or ceramic-working fluids, process waters, cooling fluids and hydraulic fluids;
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air washer systems; oil and/or gas well injection fluids; oil & gas transport facilities; oil and gas storage
facilities; brewery pasteurizing facilities; food and beverage canning facilities; industrial and consumer
cleaning and disinfection for at least residential homes, hospitals, institutions, commercial facilities,
commercial and consumer product preservation; hard surface disinfection in food and beverage
processing facilities including at least utensils, walls and floors in poultry and animal dressing plants,
offal rooms, exterior walls and loading platforms of dressing plants, preparation surfaces and
mechanized preparation equipment, processing, transportation and storage equipment and surfaces;
food preservation including at least a fresh-produce wash; preservation of household or commercial
cleaning products for at least liquid detergents, soaps, fabric softeners, floor care products and
cleaning wipes; and preservation of personal hygiene and care products including at least shampoo,

hair conditioners, soap, body wash, moisturizing lotion, sunscreen, cosmetics and cleaning wipes.

Some embodiments of the present disclosure relate to a liquid disinfectant that comprises one
or more of the compounds described herein and that has biocidal activity and/or the potential for
increased biocidal activity. The liquid disinfectant may be useful for cleaning, disinfecting or for
controlling microbe levels in at least the following agricultural applications: swine farrowing units;
nurseries, finisher houses; processing plants, agricultural equipment; personal agricultural equipment
such as rubber boots; poultry hatchers; setters; evaporative coolers; humidifying systems; ceiling fans;
chicken coops; trays and plastic chick boxes; hard and non-porous surfaces and equipment used in
veterinary facilities; stables; foot dips; kennels; horse boxes; feed rooms; tack; feedlot facilities;
quarantine pens; cages; animal transportation vehicles and holding facilities; irrigation tanks and lines;
fogging operations; facilities for commercial dairy operations including milk extraction and storage
equipment and all non-porous surfaces; and equipment, instruments and utensils employed in animal

husbandry.

Some embodiments of the present disclosure relate to a liquid disinfectant that comprises one
or more of the biocide compounds described herein and that has biocidal activity and/or the potential
for increased biocidal activity. The liquid disinfectant may be useful for cleaning, disinfecting or for
controlling microbe levels in at least the following emergency disease control and animal biosecurity
applications: agricultural facilities; agricultural equipment including trucks; tractors; wheels; livestock
trailers; harvesters; loading equipment; slaughter equipment; quarantine facilities; foot dips; shipping
facilities; personal protective equipment such as rubber boots, protective suits, respirator and air
filtering equipment; transport facilities such as rail, airport, port and related equipment; military facilities
and equipment; non-porous surfaces and equipment used in veterinary facilities; stables; kennels;
horse boxes feed rooms; tack; feedlot facilities; quarantine pens; cages; animal transportation
vehicles; irrigation tanks and lines; fogging operations and all non-porous surfaces; and equipment,

instruments and utensils employed in animal husbandry.
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Some embodiments of the present disclosure relate to a liquid disinfectant that comprises one
or more of the biocide compounds described herein and that has biocidal activity and/or the potential
for increased biocidal activity. The liquid disinfectant may be useful for cleaning, disinfecting or for
controlling microbe levels in at least the following horticultural biocide applications: indoor horticultural
facilities and structures such as non-porous surfaces including glasshouse structures, walls, floors,
storage rooms; vehicles within horticultural structures; equipment; containers; trays; water systems;
ventilation systems and evaporative coolers; irrigation lines and tanks before introduction or
reintroduction of any soil, seeds or plants. Alternatively, soil, plants and seeds may be covered or
moved to another location to avoid or reduce contact between the liquid disinfectant and the sail,

plants or seeds.

Some embodiments of the present disclosure relate to a liquid disinfectant that comprises one
or more of the biocide compounds described herein and that has biocidal activity and/or the potential
for increased biocidal activity. The liquid disinfectant may be useful for cleaning, disinfecting or for
controlling microbe levels in at least the following aqua-culture biocide applications: aquaculture facility
surfaces and equipment including at least hoses, wetsuits, hip waders, boots, nets, tanks, testing

equipment and vehicles.
Examples
Example 1 — Synthesis Reaction A

FIG. 1 shows one example of a set of reactions for synthesizing some compounds according to
embodiments of the present disclosure. This set of reactions comprises at least 2 steps, labelled as A

and B respectively in FIG. 1.

Step A comprises a first step of mixing together the compounds identified in FIG. 1 as Compound
1 and Compound 2, respectively. The next step is to permit the mixed compounds to react for about 4.5

to about 5.5 hours at about 50 °C to produce the compound identified as Compound 3 in FIG. 1.

Step B comprises the step of adding either of the compounds identified in FIG. 1 as Compound
4a and Compound 4b, respectively to produce the compounds identified in FIG 1 as Compound 5a and

Compound 5b, respectively.
Example 2 —Synthesis Reaction B

FIG. 2 shows another example of a set of reactions for synthesizing additional compounds
according to embodiments of the present disclosure. This set of reactions comprises at least one step,
labelled as C in FIG. 1.

Step C comprises mixing together the compounds identified in FIG. 2 as Compound 6 and

Compound 7. respectively to produce the compound identified in FIG. 2 as Compound 8.
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Example 3 — Synthesis Reaction C

FIG. 3A shows another example of a reaction for synthesizing additional compounds according
to embodiments of the present disclosure. This reaction comprises mixing together Compound 6 with
one of three precursor compounds, identified as Compound 9, 10 and 11 in FIG. 3, to produce three

respective compounds identified in FIG. 3 as Compound 12, Compound 13 and Compound 14.
Example 4 — Halogenation Reaction D

FIG.3B shows an example of a halogenation reaction for synthesizing additional compounds
according to embodiments of the present disclosure. This reaction comprises reacting the reaction
products of FIG.3 further reacted with '‘BuOCI in an acetone and water solution (4:1 v/v) for 24 hours at
room temperature. This reaction produced three respective further compounds identified in FIG.4 as
Compound 15, Compound 16 and Compound 17. Optionally, halogens other than chlorine may be
added to either of Compounds 15, 16 and 17 for example by using a different halogen-based reactant

with the acetone and water solution.
Example 5 — Synthesis Reaction E

FIG. 4 shows another example of a reaction for synthesizing additional compounds according to
embodiments of the present disclosure. The reaction comprises reacting Compounds 18 and 22 with
acetonitrile (ACN) under reflux conditions for about an hour. Then Compound 20 is added and the
resultant solvent is extracted under oil and then under vacuum to produce the example Compound 21.

The purity of Compound 21 is shown in the NMR data shown in FIG. 14.
Example 6 — Synthesis Reaction F and F (i)

FIG. 5A shows another example of a reaction for synthesizing additional compounds according
to embodiments of the present disclosure. The reaction comprises reacting Compounds 18 and 22 with
ACN under reflux conditions for about an hour. Then Compound 20 is added and the resultant solvent

is extracted under oil and then under vacuum to produce the example Compound 23.

FIG. 5B shows another example of a reaction for synthesizing additional compounds according
to embodiments of the present disclosure. The reaction comprises reacting Compounds 18(i) and 22
with ACN under reflux conditions for about an hour. Then Compound 20 is added and the resultant

solvent is extracted under oil and then under vacuum to produce the example Compound 23(i).
Example 7 — Synthesis Reaction G

FIG. 16 shows another example of a reaction (Synthesis Reaction G) for synthesizing additional
compounds according to embodiments of the present disclosure. The reaction comprises reacting

Compound 24 (3.0 eq) and Compound 25 (1.0 eq) to produce the example Compound 26.
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Example 8 — Synthesis Reaction H

FIG. 17 shows another example of a reaction (Synthesis Reaction H) for synthesizing additional
compounds according to embodiments of the present disclosure. The reaction comprises reacting

Compound 27 with Compound 25 to produce the example Compound 28.
Example 9 — Synthesis Reaction |

FIG. 19 shows another example of a reaction (Synthesis Reaction ) for synthesizing additional

compounds according to embodiments of the present disclosure.
Example 10 — Compounds

10 An embodiment of the present disclosure is referred to in FIG. 1 as Compound 5a and it has the

following general formula (Formula 3):

N’ o,
M

(3).

Another embodiment of the present disclosure is referred to in FIG. 1 as Compound 5b and it

has the following general formula (Formula 4):

(4).

Another embodiment of the present disclosure is referred to as Compound 12 in FIG. 3A and it

15

has the followina aeneral formula (Formula 5):
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(5).

Another embodiment of the present disclosure is referred to as Compound 13 in FIG. 3A and it

has the following general formula (Formula 6):

(6).

5
Another embodiment of the present disclosure is referred to as Compound 14 in FIG. 3A and it
has the following general formula (Formula 7):
Br
(7)-
Another embodiment of the present disclosure may be synthesized according to one of the
10 reactions shown in FIG. 3B, this embodiment is a compound that is referred to as Compound 15 in

FIG. 3B and it has the following general formula (Formula 8):
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Br

(8).

Another embodiment of the present disclosure may be synthesized according to one of the
reactions shown in FIG. 3B, this embodiment is a compound that is referred to as Compound 16 in

FIG. 3B and it has the following general formula (Formula 9):

5
(9).
Another embodiment of the present disclosure may be synthesized according to one of the
reactions shown in FIG. 3B, this embodiment is a compound that is referred to as Compound 17 in
FIG. 3B and it has the following general formula (Formula 10):
Br
My
fh mﬂEﬁMﬁﬁ,
/ |
Cl
(10).
10

Another embodiment of the present disclosure may be synthesized according to a reaction

similar to that shown in FIG. 4, and it has the following general formula (Formula 11):
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(11).

Another embodiment of the present disclosure may be synthesized according to a reaction
similar to that shown in FIG. 4, and then halogenating that reaction product, for example, by a reaction

similar to the reaction shown in FIG. 3B. This embodiment is a compound that has the following

5
general formula (Formula 12):
CZ.N
+ /
NoAAAN
/ N’
;s CyH
Br - 14F29
(12).
Other embodiments of the present disclosure may be synthesized according to a similar
reaction as the reaction shown in FIG. 4 and then optionally chlorinating that reaction product for
10 example by a reaction similar to the reaction shown in FIG. 3B. These embodiments may each be a

compound that has the following general formulae:

HN
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(20);
I
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(26).

Another embodiment of the present disclosure may be synthesized according to the reaction
shown in FIG. 5, this embodiment is a compound that is referred to in FIG. 5 as Compound 23 and it

has the following general formula (Formula 27):
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(27).

Another embodiment of the present disclosure may be synthesized according to the reaction
shown in FIG. 16. One embodiment of the present disclosure is a compound that is referred to in FIG.

16 as Compound 26 and it has the following general formula (Formula 28):

(28)
wherein x is an integer that is greater than or equal to O.

Another embodiment of the present disclosure is a compound with the following general formula
(29):
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~3 (29).

Optionally, a different counter-ion may be used in place of the phosphate ion (PO4*). For
example, a sulphate ion (SO4%), a monohydrogen phosphate ion (HPO4%), a fluroride ion (F), a
chloride ion (CI), a bromide ion (Br-)or a nitrate ion (NOs3).

Another embodiment of the present disclosure may be synthesized according to the reaction
shown in FIG. 17. One embodiment of the present disclosure is a compound that is referred to in FIG.

17 as Compound 28 and it has the following general formula (Formula 30):

[F’ﬂ;ww‘

3 (30).

Optionally, a counterion may be used to synthesis any of the embodiments of the present
disclosure that have the Formula 28, 29 or 30. Examples of a counterion include CsHg(COOH),,
C4Hs(COOH)2, CsH10(COOH)2, CeH12(COOH)2, HOOC(CH2)3COOH, HOOC(CH2)4COOH,
HOOC(CH2)5CO0OH, HOOC(CH2)6COOH or combinations thereof.

The compounds with the general formulae 1 to 30 may be useful in liquid-based biocidal

agents, such as a liquid disinfectant, for use in environments with a low, medium or high protein
content.
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Table 1 below is a nomenclature concurrence table that matches the formulae provided above
with a name used to describe the biocide compounds referred to in the experimental data provided in

further examples below.

Table 1. A Nomenclature Concurrence Table For Compounds of the Present Disclosure.

Biocide Formula General Structure
Name
PIP-C12 5

PIP-C12CI | 8 '
”“**MWWMW

-

cl
PIP-C14 |6 "

PIP-C14Cl | 9 Br
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Example 11 —Experimental Data
Minimum Inhibitory Concentration

Minimum inhibitory concentration (MIC) is the highest dilution, or smallest concentration, of a
compound that exhibits biocidal activity by killing microbes or inhibiting the growth of microbes. In
these examples, Escherichia coli (E. coli) ATCC 25922 were grown overnight in Mueller Hinton (MH)
broth at 37 °C. The concentration of the bacteria was regulated at a density equivalent to about a 0.5
McFarland standard of 1 x 108 CFU/mL by diluting in MH broth. Stock solutions of compounds were
prepared in water and diluted (2 fold) in broth in a 96-well plate. A two-fold dilution of a first column

was used to prepare column two and so on for 11 total columns.

Once the 96-well plate was loaded with the diluted series, about 10 yL of the bacterial
suspension was added to each well that contained the compounds to a final bacterial concentration of
1x107 CFU/mL. A growth control was established by adding 10 uL of the bacterial inoculum into a well
with 100 uL of broth.

The plates incubated for 24 hours at 37 °C. A microplate reader was then utilized at 570 nm to

confirm the presence of bacteria. Table 2 below provides the MIC data for the compounds tested.

Table 2. Examples of MIC data from bacterial killing experiments.

Compound MIC value {ppm)
P12 400
P12CI 200

PIP-C12 200
PIP-C12Cl 200
PIP-C14 50
PIP-C14C] 50
PIP-C16 25
PIP-C16L] 25
C1ECI 50
HY¥D-C3- <0

C14CIPhosphate
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Bactericidal Testing

Logarithmic-phase cultures of E. coli were prepared after culturing in the incubator at 37 °C
overnight. A 4000 ppm stock solution of each biocide was prepared in water. Clean conditions were
simulated by the addition of 5% fetal bovine serum (FBS). The presence of organic load was
simulated by adding 20% FBS and Mueller Hinton broth (MH Broth). A control was also prepared that

did not include any biocide.

The concentration of bacteria was regulated at a density equivalent to a 0.5 McFarland
standard of 1 x 108 CFU/mL by diluting in PBS. One mL of the bacterial suspension and 625 L of
each biocide solution were added in to 8.375 mL of one of: water, 5% FBS, 20% FBS and MHB. This
created a final concentration of 1 x 107 CFU/mL of bacteria and 250 ppm of each biocide in a 10 mL
solution. Following the different experimental contact times of 0 minutes, 1 minute, 5 minutes, 10
minutes, 30 minutes and 60 minutes 1 mL of each sample was removed and transferred to a
neutralizing solution. Active chlorine was quenched by adding 0.02 M sodium thiosulfate. Long alkyl
chains were quenched with a solution of PBWS with 1.4 % wt/v of lecithin and 10% wt/v of Tween 80.
About 100 pL of each bacterial suspension was then removed and diluted to one of 1 x 10", 1 x 102, 1

x 10% in sequence.

Next 100 uL of each bacterial solution and the three diluted solutions were each loaded into a
quadrant of tryptone soya agar plates, which were then incubated at 37 °C for 18 to 20 hours. This
procedure was repeated as blank controls that included the bacterial solutions but no biocide. The
number of viable bacteria on the four quadrants of the plates were counted with the controls shown as
A in CFU/mL and the bacterial solutions that were treated with a biocide shown as B in CFU/mL. The
total number of bacteria was calculated using the number of viable bacteria multiplied by the dilution

factor.
The percent reduction of bacterial reduction was calculated as follows:

Reduction % = (A-B)/A x 100 and the logarithm reduction = log (A/B). These bacterial tests were

performed at least three times.

FIG. 6 shows an example of bacterial reduction data from experiments runin 0 % FBS. FIG. 7
shows an example of bacterial reduction data from experiments run in 5% FBS. FIG. 8 shows an
example of bacterial reduction data from experiments run in 20% FBS. In FIG.6 to FIG. 8 the biocides
used were P12, P12Cl, PIP-C12, PIP-C12Cl, PIP-C14, PIP-C14Cl, PIP-C16, PIP-C16CI, C18Cl and
HYD-C3-C14CIPhosphate which were present at a concentration of 250 ppm.

FIG. 9 shows an example of bacterial reduction data from experiments run with 5% FBS with

sodium hypochlorite (NaOCI). The biocides used in the experiments that generated the data in FIG. 8
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were P12, P12 and NaOCI (1:1), P12 and NaOCI (1:1.5), PIP-C14, PIP-C14 and NaOCI (1:1) and PIP-
C14 and NaOCI (1:1.5).

FIG. 10 shows an example of bacterial reduction data from experiments run in MH Broth. The
biocides used in FIG. 10 were P12CI, C18Cl and HYD-C3C14CIPhosphate.

FIG. 11 shows an example of bacterial reduction data from further experiments run in 0% FBS
with the following biocides: PIP-C6-C12, PIP-C6-C12Cl, PIP-C6-C14, PIP-C6-C14Cl, PIP-C6-C16,
PIP-C6-C16Cl, PIP-C8-C14, PIP-C8-C14Cl, PIP-C10-C14, PIP-C10-C14Cl, PIP-C12-C12, PIP-C12-
C12Cl, PIP-C12-C14, PIP-C12-C14Cl, PIP-C12-C16 and PIP-C12-C16Cl. FIG. 12 shows another
example of bacterial reduction data using these biocides in 5% FBS. FIG. 13 shows another example

of bacterial reduction data using these biocides in 20% FBS.
Cytotoxicity

To test the cytotoxicity, neonatal human dermal fibroblast cells (ATCC-PCS-201) were
evaluated using some of the biocides of the present disclosure in an MTT assay. The fibroblasts were
grown in fibroblast basal media that was supplemented with a fibroblast growth kit and incubated in
5% CO2 in humidified conditions at 37 °C. After the fibroblasts reached 80% confluency, the cells
were tryponized, quantified with a hemocytometer, seeded onto tissue culture treated polystyrene 96
well plates at a final density of 10* cell/mL and further incubated at 37 °C for 24 hours. The
supernatant was then removed and replaced with either medium (control) or one of the biocide
solutions at various concentrations. Table 3 below summarizes examples of cytotoxicity data shown

as half maximal inhibitory concentration (IC50) values in ppm.

Table 3. Half maximal inhibitory concentration (IC50) values.

Compound 1C50 Value {ppm)
P12 500
p12-Cl 200
Plp-C12 100
PIP-C12C1 50
PIP-C14 20
PIP-C14C1 50
PIP-L16 10
PIP-CIBC 10
PIP-C1BCI 20
DG 50

Cl4CIPhosphate

Example 12 — Liquid Disinfectant
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Some embodiments of the present disclosure relate to a liquid disinfectant that comprises one
or more of the biocide compounds described herein and other additive ingredients that are suitable for
liquid disinfectants. Optionally, the biocide compound may be provided as a concentrate and the other
additive ingredient may be a diluent, such as water, to provide a liquid disinfectant that is a suitable

concentration for a given application.

Some embodiments of the present disclosure relate to a liquid disinfectant that comprises one
or more of the biocide compounds described herein, a potentiator and optionally another additive
ingredient. The potentiator compounds may enhance the biocidal activity of the biocide compounds
that comprise the liquid disinfectant. Examples of suitable potentiators include ammonium chloride, a
non-ionic surfactant or combinations thereof. Suitable non-ionic surfactants include at least Surfynol
W485 and Tween 20.

Table 4 below summarizes an example set of data from experiments that compared the

biocidal activity of a compound C18CI but the unchlorintated form.

Table 4. A summary of examples of bacterial reduction data from experiments that tested a biocide

compound and a potentiator.

Bactcria reduction at various contact times (min)
. Synthetic
Bacteria b 1 10 30 60 90 120
compounds
Logio Logio Logio Logio Logio Logio
Compound
18 0.78 1.95 2.84 2.96 3.76 4.20
Compound
18 +0.1% 0.64 1.31 1.78 1.80 2.16 2.63
NH4C|
Compound
. 18+ 1% 1.18 2.79 3.96 7.41 7.41 7.41
Gramy | £ <ol NHACI
i ATCC
negative 25922 Compound
18 +10% 0.14 0.80 3.06 4.03 4.51 7.41
NH4CI

Without being bound by any particular theory, the inventors postulate that when the example of
a potentiator, ammonium chloride, was present between 1 to about 10% wt/wt the biocide
demonstrated higher killing of E. coli at 120 minutes when compared to the biocide with 0.1% of

ammonium chloride and the biocide alone.
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FIG. 18 shows two examples of bacterial killing data from experiments that combined
compound C18 (Formula 47) with two non-ionic surfactants Tween 20 (T) and Surfynol W485 (S) to

form a liquid disinfectant for killing bacteria present on a hard surface.

FIG. 18A shows that T and S had the same biocidal killing effectiveness as the control (C).

5
The compound C18 was present at 150 ppm and demonstrated a higher relative percentage of dead
cells to live cells than the control, T and S. The compound C18 alone had lower bacterial killing than
either of the compound C18 plus T and the compound C18 plus S.
FIG. 18B shows that increasing the ratio of T to the compound C18 demonstrated a higher
relative percentage of dead cells to live cells.
10
Without being bound by any particular theory, the presence of a non-ionic surfactant potentiator
may have enhanced the penetration of the compound C18 into the bacteria or possibly a biofilm that
formed on the hard surface and that comprised bacteria.
Example 13 — Further Biocide Compounds
15 FIG. 19 shows a chemical reaction another embodiment of the present disclosure that may be

synthesized according to a reaction similar to that shown in FIG. 19. Briefly, Compounds 29 and 30
are mixed and react with about three drops of AcOH to form Compound 31. Compound 31 reacts with
Compound 32, 34 or 36 to produce Compound 33, 35 or 37, respectively. Optionally Compounds 33,
35 or 37 may then halogenated. This embodiment is a compound that has the following general

formula (Formula 33, Formula 35, Formula 37):

—, Atz
%\ EN -
HM ,
%Eﬁ\ .
20 T
M H (33)
=
e M
HM Br
fi
i H

(35); and
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(37).

Example 14 — Further Synthesis Reaction J

FIG. 20 depicts a synthesis reaction J for synthesizing compounds according to embodiments of
the present disclosure. The synthesis reaction J comprises at least five steps, labelled as A, B, C, D

and E respectively in FIG. 20.

Step A comprised the steps of dissolving about 20 g (about 139 mmol) of 2-chloro-N,N-
dimethylethylamine hydrochloride (shown as Compound 1 in FIG. 20) in about 50 mL water, then adding
about 45.13 (5 equiv) of sodium azide to the solution, and then continuing the reaction overnight at
reflux. Then, about 7 g of sodium hydroxide was added to the mixture, followed by extraction three times
with about 100 mL of dichloromethane (DCM). After a solvent evaporation step, about 10.3 g (95 mmol,
65%) of (2-azido-ethyl)-dimethyl-amine (this compound is identified as Compound 2 in FIG. 20) was

recovered.

Step B comprised the steps of dissolving about 5 g (44 mmol) of 2-azido-N,N-
dimethylethanamine (Compound 2) in about 50 mL of acetonitrile, followed by the addition of about
48.4 mmol of either 1-bromoalkane, 1-bromotetradecane (to produce Compound 3a) or 1-
bromotetradecane (to produce Compound 3b) to the solution, and then the reactions continued
overnight at reflux. After a solvent evaporation step, the remaining compound was dissolved in about 5
mL of methanol followed by precipitation in about 150 mL of 50/50 ethyl acetate/ hexane. These steps
produced about 11.2 g (35.11 mmol) of Compound 3a with about a 79% recovery or about 11.6 g

(33.4 mmol) of Compound 3b with about a 76% recovery.

Step C comprised the steps of adding about 9 g (57 mmol) of 2,2,6,6-tetramethylpiperidin-4-ol
(Compound 4 in FIG. 20) to 100 mL anhydrous tetrahydrofuran, and then stirring at ambient room
temperature under nitrogen atmosphere for about 30 minutes, followed by the addition of about 2.26 g
(67 mmol) of NaH (60%). After mixing for about 30 minutes, the reaction flask was placed in an oil bath
set at about 60 °C. About 6.356 mL (57 mmol) of propargyl bromide (80%) was added to the mixture,
and the reaction allowed continued for overnight at about 60 °C. Afterward, salts were removed by
filtration after which, the solvents were removed using a rotary evaporator. Then, about 50 mL of a 1N
HCI solution was used to protonate NH on the piperidine to improve its water solubility. Then, the acid

was washed three times with 50 mL of dichloromethane. Then, sodium hydroxide was used to
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deprotonate the NH group and make it organic-soluble (in an ice bath). Then, the solution was washed
again three times with 50 mL of dichloromethane followed by washing by water. The organic layer was
dried on sodium sulfate and the solvent was evaporated. About 5.1 g (26.2 mmol, 46%) of Compound 5

(as shown in FIG. 20) is recovered.

Step D comprised the steps of dissolving about 2.91 g (15 mmol) of Compound 5 in about 15 mL
of methanol after which, 12.5 mmol of either Compound 3a (4.62 g) or Compound 3b (4.92 g) was added
to the solution. About 0.312 g (10%) of copper (ll) sulfate was dissolved in about 2 mL water and then
added to the solution. Then, about 2.38 g of copper was added to the solution. The reactions were
continued overnight at ambient room temperature. The reaction product was then filtered using DIAION®
CR20-01 polyamine resin beads to remove the copper particles and to produce either Compound 6a or
Compound 6b (as shown in FIG. 20).

Step E comprised the steps of dissolving about 500 mg of either Compound 6a or Compound 6b
in 2 mL of water and 8 mL of acetone (10 mL total) after which, about 450 pl of tert-butyl hypochlorite
was added to the reaction vessel. The reaction vessel was then completely wrapped with aluminum foil
and stored at 0 °C. This reaction was allowed to continue for about 60 minutes during which time, a
pressurized air flow was used to remove acetone and any unreacted tert-butyl hypochlorite. Water was
removed using a vacuum. The reaction products of Step E are shown as either Compound 7a or 7b in
FIG. 20.

Example 15 — Mass Spectrometry Analysis

Nuclear Magnetic Resonance (NMR) spectra were recorded at room temperature in 5 mm NMR
tubes on a Bruker Avance 300 MHz NMR spectrometer. Accurate mass measurements were performed
using a PERKINELMER® SCIEX® PROTOF 2000 MALDI-OTOF Mass Spectrometer.

Compound 2: "H-NMR (CDCls, 300 Hz) 3.35 (t, 2H), 2.5 (t, 2H), 2.27 (s, 6 H); 13C-NMR (CDCls,
75 Hz); HRMS (MALDI-TOF) m/z: [M-CI]* calculated for CasHasNsO2*, 410.3741; found: 410.37486.

Compound 3a: 'H-NMR (D20, 300 Hz) 4.04 (t, 2H), 3.62 (t, 2H), 3.43 (t, 2H), 3.22 (s, 6 H),1.73-
1.9 (m, 2H), 1.23-1.48 (m, 18H), 0.91 (t, 3H); "*C-NMR (D0, 75 Hz); HRMS (MALDI-TOF) m/z: [M-CI]*
calculated for Co4HasN3O2*, 410.3741; found: 410.3746.

Compound 3b: 'H-NMR (D20, 300 Hz) 4.04 (t, 2H), 3.62 (t, 2H), 3.43 (t, 2H), 3.22 (s, 6 H),1.73-
1.9 (m, 2H), 1.23-1.48 (m, 22H), 0.91 (t, 3H); "*C-NMR (D0, 75 Hz); HRMS (MALDI-TOF) m/z: [M-CI]*
calculated for Co4HasN3O2*, 410.3741; found: 410.3746.
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Compound 4: "TH-NMR (CDCls, 300 Hz) 4.17 (s, 2H), 3.83-3.96 (m, 1H), 2.39 (s, 1H), 1.97-1.96
(d, 1H),1.93-1.92 (d, 1 H),1.17 (s, 6H), 1.12 (s, 6H), 0.99 (t, 2H); 13C-NMR (D0, 75 Hz); HRMS (MALDI-
TOF) m/z: [M-CIJ* calculated for Cz4HssN3O5", 410.3741; found: 410.3746.

Compound 5a (Formula 40, shown below) : 'TH-NMR (D0, 300 Hz) 8.22 (s, 1H), 5.057 (s, 2H),
4.72 (t, 2H), 4.01 (t, 2H), 4.09-4.24 (m, 1 H),3.31 (t, 2H), 3.18 (s, 6H), 2.30 (d, 1H), 2.25 (d, 1H), 1.61
(m, 2H), 1.50 (s, 6H), 1.48 (s, 6H), 1.23-1.38 (m, 18H), 1.18 (t, 2H), 0.88 (t, 3H); "*C-NMR (D-0, 75 Hz);
HRMS (MALDI-TOF) m/z: [M-CI]* calculated for C24H4sN30O2*, 410.3741; found: 410.3746.

Purity QNMR> 99%.

Compound 5b (Formula 41, shown below): "H-NMR (D,0, 300 Hz) 8.22 (s, 1H), 5.057 (s, 2H),
4.72 (t, 2H), 4.01 (t, 2H), 4.09-4.24 (m, 1 H),3.31 (t, 2H), 3.18 (s, 6H), 2.30 (d, 1H), 2.25 (d, 1H), 1.61
(m, 2H), 1.50 (s, 6H), 1.48 (s, 6H), 1.23-1.38 (m, 22H), 1.18 (t, 2H), 0.88 (t, 3H); *C-NMR (D20, 75 Hz);
HRMS (MALDI-TOF) m/z: [M-CI]* calculated for C2sHssN3O2*, 410.3741; found: 410.3746.

Purity QNMR> 96%.

Compound 6a (Formula 38, shown below): 1H-NMR (DMSO, 300 Hz) 8.38 (s, 1H), 4.99 (t, 2H),
4.56 (s, 2H), 3.93 (t, 2H), 3.72-3.88 (m, 1 H), 3.12 (s, 8H), 2.1 (d, 1H), 2.06 (d, 1H), 1.55 (m, 2H), 1.4 (1,
2H), 1.32-1.0 (m, 30H), 0.84 (t, 3H).

Purity QNMR> 98%.

Compound 6b (Formula 39, shown below): 1H-NMR (DMSO, 300 Hz) 8.38 (s, 1H), 4.99 (1, 2H),
4.56 (s, 2H), 3.93 (t, 2H), 3.72-3.88 (m, 1 H), 3.12 (s, 8H), 2.1 (d, 1H), 2.06 (d, 1H), 1.55 (m, 2H), 1.4 (t,
2H), 1.32-1.0 (m, 34H), 0.84 (t, 3H).

Purity QNMR> 95%.

Example 16 — Biocidal Activity Assay

Bacterial suspensions of three different bacteria were prepared in phosphate-buffered saline
(PBS, 0.1 M, pH 7.4) at a density equivalent to a 0.5 McFarland standard of 1 x 108 colony forming units
(CFU)YmL. The first bacteria specie used was Community-associated (CA)-MRSA #40065 which is also
referred to as the first bacteria. The second bacterial specie used was multi-drug resistant
Pseudomonas aeruginosa #73104 (MDR) which is also referred to as the second bacteria. Both bacteria
are clinically relevant strains obtained from the CANWARD (Canadian Ward Surveillance) study

assessing antimicrobial resistance in Canadian hospitals (online: hitp://www.canr.ca). The third bacteria

specie used was Escherichia coli (E. coli) (ATCC 25922), which is also referred to as the second

bacteria.
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Following a 100 - times dilution to 1 x 10° CFU/mL, a 20 L aliquot of the each diluted bacterial
suspension was added to about 60 mL of a tryptone soya broth followed by an 18-hour incubation at 37
°C. Then, a 50 yL aliquot of the diluted and incubated bacterial suspensions were added to a solution
of 5 ppm (CI') to 20 mL of PBS (0.1 M, pH 7.4) and 15 ppm (CI') to a solution of 5% Fetal Bovine Serum

5
in PBS, which is referred to as the high protein media “HPM” in the figures. These mixtures were
incubated on an orbital shaker at 37 °C.
The following compounds are embodiments of the present disclosure that were tested in the
biocidal assays:
10 One embodiment of the present disclosure is referred to in the figures as P14 and it has the
following general formula (Formula 38):
— M
I N
S MW - GqgHag
cl ™
Another embodiment of the present disclosure is referred to in the figures as P14Cl and it has
the following general formula (Formula 39):
N
4N
| N~ —CiaHzs
M,
15

Another embodiment of the present disclosure is referred to in the figures as P12 and it has the
following general formula (Formula 40):

N~ MJ’M CiaHag

Cl ™

Another embodiment of the present disclosure is referred to in the figures as P12Cl and it has

the following general formula (Formula 41):
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Another embodiment of the present disclosure is referred to in the figures as P1 and it has the

following general formula (Formula 42):

Another embodiment of the present disclosure is referred to in the figures as P1Cl and it has

the following general formula (Formula 43):

N cl *™
cl .

Another embodiment of the present disclosure is referred to in the figures as P14Me and it has

the following general formula (Formula 44):

UTNM

N, /
I VRO PLL T
cl ™

10 m)\“ _

Another embodiment of the present disclosure is referred to in the figures as P12Me and it has

the following general formula (Formula 45):
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cl ™

Another embodiment of the present disclosure is referred to in the figures as C17 and it has the

following general formula (Formula 46):

. 0
A cr
- " M, o ”UMW’“WA,“ wmmm”w,% T - o y M“’M iy .
ONT YT OONY T T T
HN-
%’ﬂu” W“’\Mmmm . »""H'MM ) %w e g

Another embodiment of the present disclosure is referred to in the figures as C18 and it has the

following general formula (Formula 47):

Another embodiment of the present disclosure is referred to in the figures as P1Me and it has

the following general formula (Formula 48):

10

The inventors used P14Me, P12Me and P1Me because these compounds have similar polarities

to the compounds of Formula 39, Formula 41 and Formula 43, respectively.
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The compounds with the general formulae 38 to 48 were used to produce a stock solution of
each compound with a concentration of about 10,000 ppm (based on the concentration of CI) in PBS.
Then, about 30 PL of each stock solution were added to about 20 pL of each of the diluted bacterial
suspensions in either PBS or the HPM. These mixtures were then vortexed to produce a final

concentration of 15 ppm (CI).

At 0, 2.5, 5, 10, 20, 30 and 60 minutes, a 150-ul aliquot of the mixtures was mixed with about
150 pl of a neutralizer solution (PBS buffer consisting of 1.4% [w/v] lecithin and 10% [w/v] Tween 80) to
deactivate the biocidal activity of the exemplary compounds. A 30-ul aliquot of the bacterial suspension
was diluted and plated onto tryptone soya agar and incubated for 24 hours, after which the bacterial

colonies were counted.

FIG. 21A shows the biocidal-activity results of Compound 5a (C12/Formula 40) and Compound
Ba (C14/Formula 38) on the first bacteria (MRSA) in PBS or HPM. FIG. 21B shows the biocidal-activity
results of Compound 5b (C14/Formula 41) and Compound 6b (P14Cl/Formula 39) on the first bacteria
(MRSA) in PBS or HPM. FIG. 21C shows the biocidal-activity results of Compound C17 and C18 on
the first bacteria (MRSA) in PBS or HPM.

FIG. 22A shows the biocidal-activity results of Compound 5a (C12/Formula 40) and Compound
6a (C14/Formula 38) on the third bacteria (E. coli) in PBS or HPM. FIG. 22B shows the biocidal-activity
results of Compound 5b (C14/Formula 41) and Compound 6b (P14Cl/Formula 39) on the third bacteria
(E. coli) in PBS or HPM. FIG. 22C shows the biocidal-activity results of Compound C17 and C18 on the
third bacteria (E. coli) in PBS or HPM.

FIG. 23A shows the biocidal-activity results of Compound 5a (C12/Formula 40) and Compound
Ba (C14/Formula 38) on the second bacteria (MDR) in PBS or HPM. FIG. 23B shows the biocidal-
activity results of Compound 5b (C14/Formula 41) and Compound 6b (P14Cl/Formula 39) on the second
bacteria (MDR) in PBS or HPM. FIG. 23C shows the biocidal-activity results of Compound C17 and
C18 on the second bacteria (MDR) in PBS or HPM.

Without being bound by any particular theory, the data from these figures may demonstrate that
the P14CI and P12Cl are effective at killing bacteria while in a liquid state and while in a HPM

environment.
Example 17 — Amine and Amide Analysis

About 121 mg of the compound C18 (Formula 47) was added into 10 ml (0.0271 M) ultrapure

water, 119 mg of compound 7a (as shown in FIG. 20) was added into 8 ml ultrapure water (0.0271 M)
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and 125 mg of compound 7b (as shown in FIG. 20) was added in 8 ml water (0.0271 M). About 50 uL

of FBS was added to these three prepared solutions for a 120 minute time-course with titrations
performed at 1, 5, 20, 60, 90 and 120 minute intervals. FIG. 24 shows the observed results from
experiments run in triplicate. Without being bound by any particular theory, it was postulated that the
observed drop of [Cl] is caused by the presence of the FBS because no similar decrease of [Cl] was
detected when the compounds were kept in PBS (i.e. without protein) for 60 minutes (data not shown).
The compounds 7a and 7b appear to be more stable than the C18 compound in the presence of proteins
within the FBS.
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I claim
1. A compound comprising the formula:

R, X X R,

VO s/
A /L\ /M\Z
Ra R (1a),

wherein L is nil or nitrogen,
when L is nil:
both R1 and Rz are nil,
M is nitrogen or phosphorous,
when M is nitrogen, Rs and Rsare each CrHn+1),
nis either 1 or 2,
when M is phosphorous, R3 and R4 are both one of methyl, ethyl and phenyl,
Ais:

Onnn
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Z is CraH2na+1),
wherena= 1210 24
and Rs is one of hydrogen, chlorine, bromine, iodine and CHsCO;
when L is nitrogen:
M is nitrogen or phosphorous,
when M is nitrogen, each of Ry,R;,R3zand R4 are CrpH2nb+1),
nb is one of 1 or 2,

when M is phosphorous, R3 and R4 are both one of methyl, ethyl and phenyl,

Ais:
1
(e
N _/
| N—™\
Rs or Re o

G is -(CH2)nc- and where nc is 0 or an integer between 1 and 12

Z is CrgHi2nd+1),

nd is an integer between 1 and 16,

Rs and Re are each one of hydrogen, chlorine, bromine, iodine and CH;CO; and

X is an anionic counter-charge selected from the group of Cl-, Br- and PO4*, when X-
is PO4*the anionic counter-charge balances with respect to the cation.

2. A compound comprising the formula:
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(1b),

wherein R9 is CreHzne+1 and nis an integer between 10 and 20 or R4 is CyH2pNH2
and p is an integer between 1 and 10;

wherein R; and Rs are each independly one of CH3; or CH,CHys;
wherein Y is an integer between 4 and 20; and
wherein X is one of hydrogen, chlorine, bromine or iodine.
3. A compound comprising the formula:
C*'D (2),
wherein C is one of C3Hs(COOH);, CsHg(COOH),, CsHio(COOH),,
CesH12(COOH), or combinations thereof; and

wherein D is VaW?,

wherein V is

wherein when X, is C then Qi, Q,, Q3 and Q4 are all H; and D is H; or when X;

is N then Q4 and Q, are each CH3, Qs and Q4 are collectively =O and D is =0;
wherein Y1 and Y2 are each independently an integer between 2 and 12;
wherein W is PO,, SO, HPO,0or W3 is 3F -, 3Cl “or 3Br ~;

wherein R1 is CH; or =CH>; and

wherein X is one of hydrogen, chlorine, bromine or iodine.
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A liquid disinfectant comprising the compound of claim 1, 2, 3 or combinations
thereof.

The liquid disinfectant of claim 4 further comprising a potentiator.

Use of the liquid disinfectant of either of claims 4 or 5 for cleaning, disinfecting
or controlling microbe growth.

Use of the liquid disinfectant of either of claims 4 or 5 in an environment with a
protein content.

The use of claim 7 wherein the environment is at least one of. an animal housing
facility; an agricultural facilitiy; transportation equipment; a horticultural facility;
an aqua-culture facility; laboratory equipment; a water-based building material;
a wate-processing facility; a pulp and paper processing facility; an industrial,
metal-working facility; an industrial manufacturing facility; an air washer system;
an oil and/or gas well; an oil and gas transport facility; an oil and gas storage
facility; a brewery pasteurizing facility; a food and beverage canning facility; a
residential home; a hospital; a commercial facility; a commercial and consumer
product preservation facility; and a hard surface within a food or beverage
processing facility.

The use of claim 6 or 7 as a preservative for food preservation; preservation of
household or commercial cleaning products; and preservation of personal
hygiene and care products.

The use of claim 7 wherein the environment is one of. a swine farrowing unit; a
nursery, a finisher house; a processing plant, agricultural equipment; personal
agricultural equipment; an evaporative cooler; a humidifying system; a ceiling
fan; a poultry coop; a chick tray; a plastic chick box; hard and non-porous
surfaces and equipment used in a veterinary facility; a stable; a foot dip; a
kennel; a horse box; a feed room; tack; a feedlot facility; a quarantine pen; a
cage; an animal transportation vehicle; an animal holding facility; an irrigation
tank; an irrigation line; a fogging operation; a facilities for commercial dairy
operations; and equipment, instruments and utensils employed in animal
husbandry.

The use of claim 7 wherein the enviornment is one of an emergency disease

control environment and a animal biosecurity environment.
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12. The use of claim 7 wherein the environment is horticultural.

13. The use of claim 7 wherein the environment is an aqua-culture facility or aqua-

culture vehicle.
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