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AZOLIUM AND PURINIUM SALT ANTICANCER AND ANTIMICROBIAL AGENTS

CROSS REFERENCE TO RELATED APPLICATIONS
[001] This application claims the benefit of U.S. Provisional Patent Application No.
61/480,410 filed April 29, 2011, the disclosure of which is hereby incorporated by

reference.

TECHNICAL FIELD
[002] This invention relates to compositions of antineoplastic azolium and purinium

salts for the effective treatment of human cancers and microbial infections.

BACKGROUND OF THE INVENTION

[003] Cancer is a broad group of diseases that are characterized by an uncontrolled
growth and spread of abnormal cells. These cancerous cells are caused from a
malfunction in the genes that control cell growth and division; this malfunction can be
caused by both internal and external factors. According to the American Cancer Society
one out of every 3 people will be diagnosed with cancer in their lifetime and will cause 1
out of every 4 deaths in the United States. The survival rate of those diagnosed has
increased in recent years, in large part due to new chemotherapeutic agents. Cisplatin
and Carboplatin are chemotherapeutic agents that have been widely used over the past
45 years to treat a large variety of cancers. These drugs are far from ideal because of
their toxic side effects and the ability of cancers to develop resistance to them. There is
a need to find new anticancer drugs that that less toxic is highly desirous.

[004] Another leading cause of human disease and mortality is microbial infection. Of
particular concern are infections caused by microbes which have developed resistance
to current antibiotics. According to the U.S. Food and Drug Administration, bacterial
resistance to both single and multiple antibiotics are on the rise. The U.S. Center for
Disease Control and Prevention reports that almost all major bacterial infections in the
world are becoming resistant to the antibiotics used to treat them. This is a major health
issue which is felt both economically and physically. Infection with resistant microbes
such as bacteria can translate into more frequent doctor visits, longer illness and
recovery times, more aggressive treatment regimes, and increased mortality rates. For

example, penicillin, which was the first antibiotic, was introduced in the late 1940’s, and
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only a few years later, penicillin resistant Staphylococcus aureus bacterial infections
surfaced. The penicillin derivative methicillin was created to combat this resistance;
however it too has lost its effectiveness against some strains of S. aureus, now known
as methicillin resistant S. aureus (MRSA). MRSA infections are now being treated with
stronger antibiotics such as Vancomycin, an antibiotic which carries a risk of toxic side
effects. Even now Vancomycin resistant S. aureus strains have begun to be reported.
[005] Accordingly, it is clear that a need exists to develop new classes of antibiotics
that may help to circumvent the resistance of some microbes to conventional therapies.
There is also a need for drugs that are less toxic but still effective in the treatment of
cancer.

[006] Heretofore, attempts have been made to provide new anti-cancer compositions.
For example, WO 2009/096905 has disclosed the use of imidazolium and certain
imidazolium compounds for the treatment of cancer. However, these compounds do
not include halogens, and therefore, have been found to be less effective against
cancer cells than those compositions that include one or more halogens. Furthermore,
multi-cationic azolium and purinium salt compositions have been found to further
improve the effectiveness against cancer cells and against bacterial and fungal
infections than the mono-cationic compositions disclosed therein.

[007] Thus, the need exists for azolium and perineum salt compositions that are as

- good as or better than anti-cancer drugs or antimicrobial drugs currently on the market.

SUMMARY OF INVENTION
[008] The present invention, together with the advantages thereof over the known art
relating to azolium and purinium salts compositions, antineoplastic agents, and
antimicrobial agents, which shall become apparent from the specification that follows,
are accomplished by the invention as hereinafter described and claimed.
[009] In general, the present invention provides an azolium or purinium salt

composition having one of the general formulas (1) to (VIIl) set forth below:
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The dashed lines in formulas (1) to (VIIl) represent either (i) a variable attachment of
either R or X to a corresponding ring atom, where the dashed line connects the R or X

to the ring atom, or (ii) a delocalized bond, where the dashed line is within a ring. At



WO 2012/149523 PCT/US2012/035773

least one X is always present in each of the formulas (1) to (VIII) with the proviso that, if
one or more R is a polycyclic aromatic, then X may or may not be present. When
present, each X, namely X', X2, X3, X* X® X8 X', Xx& x® x'0 x" x' x™ X" and
X'®, when present, may be the same or different, and is a halogen (F, CI, Br, or I). R'
and R? may be each independently selected from hydrogen, C; to Cs alkyl, C4 to Cyo
substituted alkyl, C4 to Cy alkyl heteroatom groups where the heterotatom is selected
from S, O, or N, C3 to C4z cycloalkyl, C3 to C4, substituted cycloalkyl, C, to C, alkenyl,
Cs to Cy2 cycloalkenyl, C3 to C42 substituted cycloalkenyl, C, to C42 alkynyl, Cg to Cy2
aryl, Cs to Cy substituted aryl, polycyclic aromatics, substituted polycyclic aromatics,
Ces to Cqz arylalkyl, Cs to C42 alkylaryl, C; to C42 heterocyclic, C; to Cq2 substituted
heterocyclic, C4 to C42 alkoxy, C4 to C42 alcohols, C4 to C4, carboxy; biphenyl, C4 to Cs
alkyl biphenyl, C, to Cs alkenyl biphenyl, C, to Cs alkynyl biphenyl, fluoroquinolone
compound and derivatives thereof, penicillin compounds and derivatives thereof,
aminoglycoside compounds and derivatives thereof; cephalosporin compounds and
derivatives thereof, glycopeptides or derivatives thereof, sulfonamides and derivatives
thereof, tetracycline and derivatives thereof, anti-microbial compounds and derivatives
thereof, steroids and derivatives thereof, anti-inflammatory compounds and derivatives
thereof, anti-fungal compounds and derivatives thereof, anti-bacterial compounds and
derivatives thereof, antagonist compounds and derivatives thereof, chemotherapy
compounds and derivatives thereof; and tumor suppressor compounds and derivatives
thereof. R% R* R° R® R’, R® R® R', R', R' R™ R" R'" R' R" R and R",
where present, may be each independently selected from hydrogen, C¢ to Cy alkyl, C4
to Cyo substituted alkyl, Cy to Cyo alkyl heteroatom groups where the heterotatom is
selected from S, O, or N; C; to Cy; cycloalkyl, C3 to Cy, substituted cycloalkyl, C, to Cyz
alkenyl, C3 to C4, cycloalkenyl, C3 to C2 substituted cycloalkenyl, C, to C4; alkynyl, Cs
to Cq2 aryl, Cs to Cy, substituted aryl, polycyclic aromatics, substituted polycyclic
aromatics, Cs to Cy2 arylalkyl, Cs to Cq, alkylaryl, C; to C4» heterocyclic, C; to Cq2
substituted heterocyclic, C1 to Cq2 alkoxy, Ci to C4, alcohols, C4 to Cy, carboxy;
biphenyl, C4 to Cs alkyl biphenyl, C, to Cs alkenyl biphenyl, C, to Cs alkynyl biphenyl,
hydroxyl, carbonyl, amino, acetyl, acetoxy, oxo, nitro, cyano, isocyano, cyanato,
isocyanato, fluoroquinolone compound and derivatives thereof, penicillin compounds
and derivatives thereof, aminoglycoside compounds and derivatives thereof;
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cephalosporin compounds and derivatives thereof, glycopeptides or derivatives thereof,
sulfonamides and derivatives thereof, tetracycline and derivatives thereof, anti-
microbial compounds and derivatives thereof, steroids and derivatives thereof, anti-
inflammatory compounds and derivatives thereof, anti-fungal compounds and
derivatives thereof, anti-bacterial compounds and derivatives thereof, antagonist
compounds and derivatives thereof, chemotherapy compounds and derivatives thereof;
and tumor suppressor compounds and derivatives thereof. When any of R® R*, R% RS,
R’, R%, R% R"™ R™ R™ R"™, R'" R' R, and R, is shown to be attached to a ring
carbon atom in formulas (1) to (VIIl), the ring carbon atom may optionally be replaced by
a nitrogen, oxygen or sulfur atom. In one embodiment, all of the Rs are attached to ring
carbon atoms, except as otherwise shown in the formulas (I) to (VIIl) above. The
above description provides the cationic structural portion of the formulas (1) to (VIII). A
is defined as an anion independently selected as a halide, hydroxide, alkoxide,
aryloxide, carboxylate, sulfate, phosphate, triflate, tosylate or borate

[010] In another embodiment, the present invention provides a multicationic azolium or

purinium salt composition having one of the formulas (IX) to (XI):

Ay
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In this embodiment, at least two of the R groups present in formulas (IX) to (XI) are
independently selected from one of the cationic structural portions defined in formulas
(1) to (VIII)
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wherein any X may or may not be present, but when present, each X', X2, X3, X4 X°,
X8, X7, x& x5 X' x'" Xx'2, X' x' and X' may be the same or different, and is a
halogen (F, Cl, Br, or I). For formulas (I) to (VIIl), R' and R? are each independently
selected from hydrogen, Cq to Cy alkyl, C4 to Cy substituted alkyl, C; to Cy alkyl
heteroatom groups where the heterotatom is selected from S, O, or N, C3 to Cy2
cycloalkyl, C3 to C4, substituted cycloalkyl, C, to C+, alkenyl, C3 to C2 cycloalkenyl, C;
to Cy2 substituted cycloalkenyl, C, to C42 alkynyl, Cs to C2 aryl, Cs to C42 substituted
aryl, polycyclic aromatics, substituted polycyclic aromatics, Cg to C12 arylalkyl, Cs to Cq2
alkylaryl, C3 to C42 heterocyclic, C3 to C, substituted heterocyclic, C1 to C42 alkoxy, C4
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to C+2 alcohols, C1 to Cq2 carboxy; biphenyl, C4 to Cg alkyl biphenyl, C, to Cg alkenyl
biphenyl, C, to Cg alkynyl biphenyl, fluorogquinolone compound and derivatives thereof,
penicillin compounds and derivatives thereof, aminoglycoside compounds and
derivatives thereof; cephalosporin compounds and derivatives thereof, glycopeptides or
derivatives thereof, sulfonamides and derivatives thereof, tetracycline and derivatives
thereof, anti-microbial compounds and derivatives thereof, steroids and derivatives
thereof, anti-inflammatory compounds and derivatives thereof, anti-fungal compounds
and derivatives thereof, anti-bacterial compounds and derivatives thereof, antagonist
compounds and derivatives thereof, chemotherapy compounds and derivatives thereof;
and tumor suppressor compounds and derivatives thereof; and each R?, R*, R®, R®, R7,
R%, R% R', R" R™ R'" R'™ R', R' R" R'" and R, are independently selected
from any of the cationic structural portions of formulas (1) to (VIII) above, hydrogen, C;
to Cy alkyl, Cq to Coo substituted alkyl, C1 to Cy alkyl heteroatom groups where the
heterotatom is selected from S, O, or N, C3 to C4, cycloalkyl, C; to Cy, substituted
cycloalkyl, C; to C42 alkenyl, C3 to C4, cycloalkenyl, C; to C, substituted cycloalkenyl,
C, to Cq2 alkynyl, Cs to Cq2 aryl, Cs to Cy, substituted aryl, polycyclic aromatics,
substituted polycyclic aromatics, Cs to Ci, arylalkyl, Cs to Cq, alkylaryl, Cs to Cq»
heterocyclic, C3 to Cq2 substituted heterocyclic, C; to C4» alkoxy, C, to C4, alcohols, C;
to Cy2 carboxy; biphenyl, C4 to Cs alkyl biphenyl, C, to Cs alkenyl! biphenyl, C, to Cs
alkynyl biphenyl, hydroxyl, carbonyl, amino, acetyl, acetoxy, oxo, nitro, cyano,
isocyano, cyanato, isocyanato, fluoroquinolone compound and derivatives thereof,
penicillin  compounds and derivatives thereof, aminoglycoside compounds and
derivatives thereof; cephalosporin compounds and derivatives thereof, glycopeptides or
derivatives thereof, sulfonamides and derivatives thereof, tetracycline and derivatives
thereof, anti-microbial compounds and derivatives thereof, steroids and derivatives
thereof, anti-inflammatory compounds and derivatives thereof, anti-fungal compounds
and derivatives thereof, anti-bacterial compounds and derivatives thereof, antagonist
compounds and derivatives thereof, chemotherapy compounds and derivatives thereof:
and tumor suppressor compounds and derivatives thereof. It is noted that, when any of
R% R% R% R% R’, R® R’ R™ R'™ R R'" R'" R' R'" and R', is shown to be
attached to a ring carbon atom in formulas (l) to (VIII), the ring carbon atom may

optionally be replaced by a nitrogen, oxygen or sulfur atom. With respect to formulas

10
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(IX) to (XI), Rzo, R21, R22, R23, R24, R25, Rze, R27, st, Rzg, R3°, R31, R and R33, where
present, are each independently selected from hydrogen, C4 to Cy alkyl, C1 to Cy
substituted alkyl, C4 to Cy alkyl heteroatom groups where the heterotatom is selected
from S, O, or N, C3 to C42 cycloalkyl, C3 to Cy2 substituted cycloalkyl, C; to Cy, alkenyl,
Cs to Cy2 cycloalkenyl, C; to Cq2 substituted cycloalkenyl, C, to Cy, alkynyl, Cg to C12
aryl, Cs to Cq2 substituted aryl, polycyclic aromatics, substituted polycyclic aromatics,
Ce to Cq2 arylalkyl, C¢ to C42 alkylaryl, C; to Cy> heterocyclic, Cs to Cy» substituted
heterocyclic, C4 to C+2 alkoxy, C¢ to Cy; alcohols, Cq to Cq, carboxy, biphenyl, C4 to Cqg
alkyl biphenyl, C, to Cs alkenyl biphenyl, C, to Cg alkynyl biphenyl, halogen, hydroxyl,
carbonyl, amino, acetyl, acetoxy, oxo, nitro, cyano, isocyano, cyanato, isocyanato,
fluoroquinolone compound and derivatives thereof, penicilin compounds and
derivatives thereof, aminoglycoside compounds and derivatives thereof; cephalosporin
compounds and derivatives thereof, glycopeptides or derivatives thereof, sulfonamides
and derivatives thereof, tetracycline and derivatives thereof, anti-microbial compounds
and derivatives thereof, steroids and derivatives thereof, anti-inflammatory compounds
and derivatives thereof, anti-fungal compounds and derivatives thereof, anti-bacterial
compounds and derivatives thereof, antagonist compounds and derivatives thereof,
chemotherapy compounds or derivatives thereof, tumor suppressor compounds or
derivatives thereof. The ring carbon atoms in formulas (X) to (IX) may optionally be
replaced by a nitrogen, oxygen or sulfur atom. In one embodiment none of the ring
carbon atoms are replaced. In other embodiments, one carbon atom is replaced. In
other embodiments two or more carbon atoms are replaced. This above description
provides disclosure of the cationic portion of the structural formulas. A’is defined as an
anion independently selected as a halide, hydroxide, alkoxide, aryloxide, carboxylate,
sulfate, phosphate, triflate, tosylate or borate. For each formula (IX) to (XI), each n is
an integer from 1 to 8 based upon the number of R groups in the formula, and is the
same integer. Thus, for formula (IX), n is an integer from 1 to 4; for formula (X), n is an
integer from 1 to 6; and for formula (XI), n is an integer from 1 to 8.

[011] Advantageously, the compositions of the present invention possess potent
antineoplastic, antibacterial, and antimicrobial properties. In one or more embodiments,
the compositions have been synthesized and tested for such properties. Test data

suggests and demonstrates the composition of the present invention may have greater
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than or at least as great a potency towards the killing of cancerous cells as the current
clinical standard, cisplatin. However, these are believed more desirable in that they
achieve this efficacy without the toxic side effects caused by heavy metal-based

antineoplastic drugs, such as cisplatin.

DETAILED DESCRIPTION OF THE INVENTION
[012] As noted hereinabove, the present invention results from the discovery that both
single-charged and multiple-charged imidazolium cations (ICs) as a class of chemical
compounds that possess potent antineoplastic, antibacterial, and antimicrobial
properties. In several of the embodiments the ICs demonstrate greater or equivalent
potency towards cancerous cells as the current clinical standard cisplatin. It is believe
ICs hold the advantage in that they achieve this efficacy without the toxic side effects
caused by heavy metal based antineoplastic drugs such as cisplatin.
[013] In the present invention, novel compositions containing azolium salts or purinium
salts are disclosed. These compositions are believed to be useful as pharmaceutical
compositions for a variety of purposes, including use as antineoplastic agents, anti-
bacterial agents, anti-fungal agents and antimicrobial agents. That is, use of these
azolium salt and purinium salt compositions are believed useful in the production of
drugs effective in the treatment of human cancers and microbial infections.
[014] In one embodiment, the useful composition is a azolium or purinium salt

composition having one of the following eight general formulas:

R3 R A
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[015] The dashed lines in formulas (I) to (VIIl) represent either (i) a variable
attachment of either R or X to a corresponding ring atom, where the dashed line
connects the R or X to the ring atom, or (ii) a delocalized bond, where the dashed line

is within a ring.

[016] At least one X is always present in each of the formulas (1) to (VIII) unless one or

more of the Rs is a polycyclic aromatic. Then X may optionally be present. When

present, each X, including X', X2, X3, X4 X5 X8 X7, x& x® X' x'' x' x' x' and

X' is a halogen (F, Cl, Br, or ). Each X in each formula can be the same or different.
In one embodiment, X' and X2 are Cl. In another embodiment, X* X%, X%, and X’ are

all Cl.

14
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[017] In each of the formulas (I) to (VIII), R' and R? may be each independently
selected from hydrogen, Cq to Cy alkyl, C1 to Cyo substituted alkyl, Cy to Cyo alkyl
heteroatom groups where the heterotatom is selected from S, O, or N, C3 to Cy»
cycloalkyl, C; to C2 substituted cycloalkyl, C, to C1, alkenyl, C; to C4, cycloalkenyl, Cs
to Cy2 substituted cycloalkenyl, C, to Ci; alkynyl, Cs to Cq2 aryl, Cs to C1» substituted
aryl, polycyclic aromatics, substituted polycyclic aromatics, Cg to C12 arylalkyl, Cg to C12
alkylaryl, C; to C42 heterocyclic, C3 to C12 substituted heterocyclic, C4 to C42 alkoxy, C;
to C42 alcohols, Cq to C2 carboxy; biphenyl, C4 to Cs alkyl biphenyl, C, to Cs alkenyl
biphenyl, C, to Ce alkynyl biphenyl, fluoroquinolone compound and derivatives thereof,
penicillin  compounds and derivatives thereof, aminoglycoside compounds and
derivatives thereof; cephalosporin compounds and derivatives thereof, glycopeptides or
derivatives thereof, sulfonamides and derivatives thereof, tetracycline and derivatives
thereof, anti-microbial compounds and derivatives thereof, steroids and derivatives
thereof, anti-inflammatory compounds and derivatives thereof, anti-fungal compounds
and derivatives thereof, anti-bacterial compounds and derivatives thereof, antagonist
compounds and derivatives thereof, chemotherapy compounds and derivatives thereof:
and tumor suppressor compounds and derivatives thereof. In one embodiment, R' and
R? are polycyclic aromatics. In a further embodiment, R' and R? are alkyl naphthalene
groups. In another embodiment, R' and R? are alkyl quinoline groups.

[018] Also in each of the formulas (1) to (VIII), R®, R*, R® R® R’, R® R® R'’ R' R
R, R™ R"%, R R", R'™ and R', where present, may be each independently
selected from hydrogen, Cq to Cy alkyl, Cy to Cy substituted alkyl, C; to Cyo alkyl
heteroatom groups where the heterotatom is selected from S, O, or N: C; to Cy»
cycloalkyl, C3 to C42 substituted cycloalkyl, C; to C+, alkenyl, C3 to C1» cycloalkenyl, C3
to Cq2 substituted cycloalkenyl, C, to Cq2 alkynyl, Cs to C4, aryl, Cs to Cq» substituted
aryl, polycyclic aromatics, substituted polycyclic aromatics, Cs to C; arylalkyl, Cgs to C12
alkylaryl, C3 to C12 heterocyclic, Cs to C1 substituted heterocyclic, C4 to C4, alkoxy, C4
to C42 alcohols, C4 to Cq2 carboxy; biphenyl, C; to Cg alkyl biphenyl, C, to Ce alkenyl
biphenyl, C, to Cs alkyny! biphenyl, hydroxyl, carbonyl, amino, acetyl, acetoxy, oxo,
nitro, cyano, isocyano, cyanato, isocyanato, fluoroquinolone compound and derivatives
thereof, penicillin compounds and derivatives thereof, aminoglycoside compounds and

derivatives thereof; cephalosporin compounds and derivatives thereof, glycopeptides or

15



WO 2012/149523 PCT/US2012/035773

derivatives thereof, sulfonamides and derivatives thereof, tetracycline and derivatives
thereof, anti-microbial compounds and derivatives thereof, steroids and derivatives
thereof, anti-inflammatory compounds and derivatives thereof, anti-fungal compounds
and derivatives thereof, anti-bacterial compounds and derivatives thereof, antagonist
compounds and derivatives thereof, chemotherapy compounds and derivatives thereof;
and tumor suppressor compounds and derivatives thereof. When any of R®, R* R, RS,
R’, R® R% R' R™, R" R'™, R'" R' R and R', is shown to be attached to a ring
carbon atom in formulas (1) to (VIII), the ring carbon atom may optionally be replaced by
a nitrogen, oxygen or sulfur atom. In one embodiment, all of the Rs are attached to ring
carbon atoms, except as otherwise shown in the formulas (1) to (VIIl) above.

[019] The above description provides the cationic structural portion of the formulas (1)
to (VII). A is defined as an anion independently selected as a halide, hydroxide,
alkoxide, aryloxide, carboxylate, sulfate, phosphate, triflate, tosylate or borate.

[020] In other embodiments, the novel compositions may be multi-cationic
compositions containing an azolium or purinium salt. Such compositions include one of

the following three general formulas (1X) to (XI):

Ay

16



WO 2012/149523 PCT/US2012/035773

Ay
_ At
R24 :
R29 R25
R28 R26
R27
(X)
Ay
_ - nt
R33 R24
R32 R25
ROOW
R30 R27
(XI)

[021] In this embodiment, at least two of the R groups present in formulas (IX) to (XI)
are independently selected from one of the cationic structural portions defined in
formulas (1) to (VIII) above, it being understood that such portions do not include the A
anion. For formulas (1) to (VIIl), each of the Rs may be the same as set forth above,
and when any of R®, R* R®, R®, R”, R®, R, R"?, R"*, R" R'™, R'® R R' and R, is
shown to be attached to a ring carbon atom in formulas () to (VIII), the ring carbon
atom may optionally be replaced by a nitrogen, oxygen or sulfur atom.

[022] The Xs in formulas (IX) to (XI) may differ from the formulas (1) to (VIIl) in that the
Xs may or may not be present. But when present, each X', X2, X3, X%, X°, X% X', X8,
X% x'0 x" x' x® X" and X' may be the same or different, and each X is a

halogen (i.e., F, CI, Br, or I).
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[023] For Rzo, R21, Rzz’ R23, R24, R25, Rze’ R27, Rze, Rzg, Rso’ R31, R*2 and R® in
formulas (IX) to (XI), where present, each R may be independently selected from
hydrogen, C4 to Cyp alkyl, C4 to Cyo substituted alkyl, C4 to Cy alkyl heteroatom groups
where the heterotatom is selected from S, O, or N, C3; to C42 cycloalkyl, C3 to Cs2
substituted cycloalkyl, C, to Cq, alkenyl, C; to C4; cycloalkenyl, C; to C¢2 substituted
cycloalkenyl, C, to Cq2 alkynyl, Cs to Cqz aryl, Cs to Cq, substituted aryl, polycyclic
aromatics, substituted polycyclic aromatics, Cg to C42 arylalkyl, Cs to C45 alkylaryl, Cs to
Ci2 heterocyclic, C3 to Cy2 substituted heterocyclic, C4 to C42 alkoxy, C4 to C42 alcohols,
C1 to Cy2 carboxy, biphenyl, C; to Cs alkyl biphenyl, C, to Cg alkenyl biphenyl, C, to Cs
alkynyl biphenyl, halogen, hydroxyl, carbonyl, amino, acetyl, acetoxy, oxo, nitro, cyano,
isocyano, cyanato, isocyanato, fluoroquinolone compound and derivatives thereof,
penicillin compounds and derivatives thereof, aminoglycoside compounds and
derivatives thereof; cephalosporin compounds and derivatives thereof, glycopeptides or
derivatives thereof, sulfonamides and derivatives thereof, tetracycline and derivatives
thereof, anti-microbial compounds and derivatives thereof, steroids and derivatives
thereof, anti-inflammatory compounds and derivatives thereof, anti-fungal compounds
and derivatives thereof, anti-bacterial compounds and derivatives thereof, antagonist
compounds and derivatives thereof, chemotherapy compounds or derivatives thereof;
tumor suppressor compounds or derivatives thereof.

[024] The ring carbon atoms in formulas (X) to (IX) may optionally be replaced by a
nitrogen, oxygen or sulfur atom. In one embodiment none of the ring carbon atoms are
replaced. In other embodiments, one carbon atom is replaced. In other embodiments
two or more carbon atoms are replaced.

[025] This above description provides disclosure of the cationic portion of the
structural formulas. A" is defined as an anion independently selected as a halide,
hydroxide, alkoxide, aryloxide, carboxylate, sulfate, phosphate, ftriflate, tosylate or
borate. In one embodiment, the anion is a halide. In another embodiment, the anion is
anyof Cl ", Br-,orl".

[026] For each formula (IX) to (XI), each n is an integer from 1 to 8 based upon the
number of R groups in the formula, and is the same integer. Thus, for formula (IX), n is
an integer from 1 to 4, for formula (X), n is an integer from 1 to 6; and for formula (Xl), n

is an integer from 1 to 8.
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[027] Although none of the compositions disclosed herein are believe known in the
prior art, synthesis of these compounds follow synthesis schemes generally regarded
as known in the art, but for the production of other compounds. More particularly, the
general synthesis scheme following a known bromination technique wherein a
brominated ligand is reacted with an azolium compound having a (H") proton donor
attached to one or more of the Nitrogen atoms in the ring structure. The resultant
compounds have been found to be potent against various cancer cells and microbes.
[028] In order to demonstrate practice of the invention, a more thorough analysis of
the synthesis of several of the proposed novel compositions is disclosed herein below.
Furthermore, test data is also provided. The below examples are for purposes of
providing demonstration of practice of the invention, it being understood that other
examples not disclosed but falling within the scope of the claims provided herein will
also meet the parameters and requirements as antineoplastic agents, antimicrobial
agents, anti-bacterial agents and anti-fungal agents.

[029] In the following examples, the novel IC composition is provided along with the
schematic representation of the synthesis of the composition. The synthesis of the
composition is then recited for each example. Prophetic examples are set forth in the

future tense.
[030]

+
2

HNT N
N

+
» » \N’//\N
>—< CHACN, KOH, ):.( O CH4CN, 80°C >=< O
el ol 80°C, 17 h o - al cl

[031] Synthesis of 4,5-dichloro-1-methyl-3-(naphthalen-2-ylmethyl)-1H-
imidazolium iodide. 4,5-dichloroimidazole (40.0 mmol, 5.479 g) and KOH (44.0 mmol,
2.469 g) were placed in a round bottom flask with 100 mL acetonitrile. The mixture was
brought to reflux (85°C) and stirred th until KOH was consumed. 2-
Bromomethylnapthalene (40.00 mmol, 8.844 g) was added and the solution was stirred
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at reflux for 17 hours. KBr was removed by vacuum filtration and the filtrate was
collected. The volatiles were removed by rotary evaporation to give 4,5-dichloro-1-
(naphthalen-2-ylmethyl)-1H-imidazole as a light brown solid. 4,5-dichloro-1-
(naphthalen-2-ylmethyl)-1H-imidazole (18 mmol) was dissolved in acetonitrile (40 mL)
in a round bottom flask. The solution was brought to reflux and iodomethane (5 mL)
was added. The reaction was stirred at reflux for 20 h after which time it was cooled.
The resulting white precipitate was collected by filtration and analyzed. Yield:
89.6% "H NMR (300 MHz, 4~ DMSO): & 3.86 (s), 5.68 (s), 7.53-7.59 (m), 7.93-8.03
(m), 9.51 (s) ppm.

[032]

H D

Br
r
A CHal N
H N > N » ~nTN
>_< CH3CN, KOH, ):< CH4CN, 80°C >=<
I I 80°C, 17 h | | | I

[033] Synthesis of 4,5-diiodo-1-methyl-3-(naphthalen-2-ylmethyl)-1H-imidazolium
iodide. 4,5-diiodoimidazole (5.0 mmol) and KOH (5.0 mmol) were placed in a round
bottom flask with 50 mL THF. The mixture was brought to reflux and stirred 0.5 h
until KOH was consumed. 2-bromomethylnapthalene (5.0 mmol) was added and the
solution was stirred at reflux for 17 hours. KBr was removed by vacuum filtration and
the filtrate was collected. The volatiles were removed by rotary evaporation to give 4,5-
diiodo-1- (naphthalen-2-ylmethyl)-1H-imidazole as a off white solid. 4,5-diiodo-1-
(naphthalen-2-ylmethyl)-1H-imidazole was dissolved in acetonitrile in a round bottom
flask. The solution was brought to reflux and excess iodomethane was added. The

reaction was stirred at reflux for overnight after which time it was cooled. The resulting
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yellow precipitate was collected by filtration and analyzed. 'H NMR (300 MHz, -
DMSOQO): & 3.88 (s), 5.64 (s), 7.47-7.60 (m), 7.89-8.02 (m), 9.57 (s) ppm.
[034]

Br~

Br Br -
Br
PO ¢
w7 - NP N S Y
H CH,ON, KOH, ):( O CHCN, 80°C O )=< O
cl Cl 80°C, 2.5h a el Cl Ct

[035] Syhthesis of 4,5-dichloro-1,3-bis(naphthalen-2-ylmethyl)-1H-imidazolium
bromide. 4,5-dichloroimidazole (10.0 mmol, 1.370 g) and KOH (11.0 mmol, 0.617 g)
were placed in a 50 mL round bottom flask with 10 mL acetonitrile. The mixture was
brought to reflux (85°C) and stirred th unti KOH was consumed. 2-
Bromomethylnapthalene (10.00 mmol, 2.211 g) was added and the solution was stirred
2.5 hours. KBr was removed by vacuum filtration and a second equivalent
of bromomethylnapthalene was added to the filtrate. The mixture was stirred at reflux
for 1.5 hours. The white precipitate was collected by filtration and analyzed. Yield:
92.0% 'H NMR (500 MHz, 46- DMSO): 8 5.71 (s, 4H), 7.57-7.62 (m, 6H), 7.95-8.06 (m,
8H), 9.75 (s, 1H) ppm. *C NMR (500 MHz, de-DMSO): & 51.8, 117.9, 119.3, 125.5,
136.7, 136.8, 127.7, 127.8, 128.8, 130.1, 132.7, 132.8, 136.9 ppm.

[036]
@/\l\\l‘;} 2Br-
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(\JN r\\j:\> 2Br-

Br
Z NN
(N; \;,} ¥ B OH
reflux 2 hr

[037] Synthesis of 1,1'-methylenebis(3-(naphthalen-2-ylmethyl)-1H-imidazolium
dibromide. To a 50 ml flask was added 0.74 g (5 mmol) 1,1’-Methylene bis(imidazole),
2.21 g (10 mmol) 2-(bromomethyl) naphthalene and 10 ml butyl alcohol. The solution
was brought to reflux for 2 hours in which time a white precipitate formed. The solid
was filtered and washed with THF to afford 2.19 g (74.2%) of 2 as a white solid. 'H
NMR (DMSO-dg): 8 5.69 (s, 4H, CHy), 6.75 (s, 2H, CH,), 7.55-7.60 (m, 6H, CH), 7.93-
8.04 (m, 10H, CH), 7.18 (s, 2H, CH), 9.77 (s, 2H, CH). *C NMR (DMSO-dg): 5 52.5 (N-
CHgz-nap), 58.2 (N-CH>-N), 122.5 (im, CH), 123.3 (im, CH), 126.0 (nap, CH), 126.7
(nap, CH), 126.8 (nap, CH), 127.7 (nap, CH), 127.9 (nap, CH), 128.0 (nap, CH), 128.8
(nap, CH), 131.6 (nap, C), 132.7 (nap, C), 132.8 (nap, C), 137.9 (im, CH). Mz* ESI (M -
Br): caled 511.1, found 510.9.

[038]

Br
Br
PSS N
HNT SN N A NN
>—< CHacN KOH, CH3CN 80°C, O )=<
C
| Cl 80°C, 2.5h Ct cl

[039] Synthesis of 1-benzyl-3-methylnaphthyl-4,5-dichloroimidazolium bromide.
4,5-dichloroimidazole (10.0 mmol, 1.370 g) and KOH (11.0 mmol, 0.617 g) were placed
in a 50 mL round bottom flask with 10 mL acetonitrile. The mixture was brought to
reflux (85°C) and stirred 1h until KOH was consumed. 2-Bromomethylnapthalene
(10.00 mmol, 2.211 g) was added and the solution was stirred 2.5 hours. KBr was

removed by vacuum filtration and benzyl bromide (10mmol) was added to the filtrate.
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The mixture was stirred at reflux for 1.5 hours. The white precipitate was collected by
filtration and analyzed. 'H NMR (500 MHz, s~ DMSO): & 5.51 (2, 2H), 5.65 (s, 2H),
7.94-8.02 (m, 8H), 7.95-8.06 (m, 4H), 9.63 (s, 1H) ppm.

[040]

-
+
~NT N
OH
o
N OH

-
+
i Xy e CHjl ~n7 Ny
o \__/ —_ \—/
— 145°C, 2.5h DMF, 80°C,
OH h OH

[041] Synthesis of 3-(4-hydroxybenzyl)-1-methyl-imidazolium iodide. Imidazole
(0.1 mol) and 4-hydroxybenzyl alcohol (0.1 mol) were combined and heated to 155° C.
The crude product was washed with cold ethanol and recrystallized in an EtOH/DMF
mixture. This powder (3-(4-hydroxybenzyl)imidazole, 2.20mmol)was then was
dissolved in DMF (3mL). lodomethane (3.21 mmol) was added to the reaction mixture
and refluxed for 24 hours at 80° C. The solvent was evaporated and remaining oil was
washed using ethyl ether to yield a brown precipitate. Yield: 0.573 g, 82.2%. Mp: 82.9-
85.5°C. FTIR: (KBr, cm™) u(Ar) 1327.37, 1378.80, 1459.39, 1506.20, 1587.78; u(OH)
2922.97. '"H NMR (300 MHz, DMSO-dg) 3.836 (3H, s, CHsN), 5.265 (2H, s, NCHAr),
6.796 (2H, d, NCHCHN), 7.275 (2H, d, NCAr), 7.729 (2H, d, HOAr), 9.122 (1H, s, OH),
9.627 (1H, s, NHN).

[042]

-
.
.
a’ e
OH
A oH AN cHy

-
A
o~ N NP ~NTYN
) ( 145°C, 2.5h DMF, 80°C,
ci cl cl cl 24 cl cl
OH OH

[043] Synthesis of 3-(4-hydroxybenzyl)-1-methyl-imidazolium iodide. 4,5-
Dichloroimidazole (0.1 mol) and 4-hydroxybenzyl alcohol (0.1 mol) were combined and
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heated to 155° C. The crude product was washed with cold ethanol and recrystallized
in an EtOH/DMF mixture. This powder (3-(4-hydroxybenzyl)-4,5-dichloroimidazole, 8.23
mmol) was then was dissolved in DMF (3mL). lodomethane (72.3 mmol) was added to
the reaction mixture and refluxed for 24 hours at 80° C. The solvent was evaporated
and remaining oil was washed using ethyl ether to yield a brown precipitate. Yield: 1.28
g, 61%. '"H NMR (300 MHz, DMSO-dg) 3.81 (3H, s, CH3N), 5.34 (2H, CH,), 6.82 (2H, d,
Ar), 7.26 (2H, d, Ar), 9.32 (1H, s, NCHN), 9.70 (1H, s, OH).

[044]

e
® Br

o0 u

[045] Synthesis of 1,3-methylnaphthyl-2-phenyl-2-imidazolinium bromide. 2-
phenyl-2-imidazoline (10.0 mmol) and KOH (11.0 mmol, 0.617 g) were placed in a
50 mL round bottom flask with 10 mL acetonitrile. The mixture was brought to reflux
(85°C) and stirred 1h until KOH was consumed. 2-Bromomethylnapthalene (10.00
mmol, 2.211 g) was added and the solution was stirred 2.5 hours. KBr was removed by
vacuum filtration and a second equivalent of bromomethylnapthalene was added to the
filtrate. The mixture was stirred at reflux for 1.5 hours, and then allowed to cool to room
temperature. The white precipitate was collected by filtration and analyzed.

[046]

NO, ©
Br

SO~

[047] Synthesis of 1,3-methylnaphthyl-2-nitro-2-imidazolinium bromide. 2-nitro-
2-imidazole (1.0 mmol) and KOH (1.1 mmol, 0.617 g) were placed in a 50 mL round
bottom flask with 10 mL acetonitrile. The mixture was brought to reflux (85°C) and
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stirred 1h until KOH was consumed. 2-Bromomethylnapthalene (1.00 mmol, 0.2211 g)
was added and the solution was stirred 2.5 hours. KBr was removed by vacuum
filtration and a second equivalent of bromomethylnapthalene was added to the filtrate.
The mixture was stirred at reflux for 1.5 hours. The white precipitate was collected by

filtration and analyzed.

[048]

NAN

CIHCI

[049] Synthesis of 1-(2-ethyl-1-naphthyl)-4,5-dichloroimidazole. 4,5-

Dichloroimidazole (0.137g, 1mmol) was dissolved into 1mL of acetonitrile. Potassium
hydroxide (0.061g, 1.1mmol) was added and the mixture was allowed to stir for 0.5h.
1-(2-bromoethyl)-naphthalene (0.142mL, 0.235g, 1mmol) was added and the solution
was allowed to reflux for 2.5h. The solution was filtered hot to remove a white
precipitate (presumed to be KBr) and the solution was allowed to cool to room
temperature to yield a tan crystalline material (0.085g, 29% vyield). "H NMR (500 MHz,
DMSO- ds) 8.13 (1H, d, Ar), 7.93 (1H, d, Ar), 7.84 (1H, d, Ar), 7.69 (1H, s, NCHN), 7.58
(2H, m, Ar), 7.42 (1H, t, Ar), 7.27 (1H, d, Ar), 4.31 (2H, t, NCHy), 3.49 (2H, t, CH,).
®C{1H} NMR (125 MHz, DMSO-dg) 135.9 (NCN), 133.4 (Ar-Cl), 133.3 (Ar-Cl), 131.3
(Ar-Cl), 128.6 (Ar-Cl), 127.4 (Ar), 126.9 (Ar), 126.3 (Ar), 125.7 (Ar), 125.5 (Ar), 124.0
(Ar), 123.3 (Ar), 111.9 (Ar), 46.2 (CHy), 32.8 (CH3). MS: m/z = 290.04 (theor for
C15H12CI2N2=291.0).

[050]
X
J - L)

Ci Cl
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_ CHACN, KOH /\i CH CN, 80°C ‘ /\i

Cl CI
80°C CI

[0561] Synthesis of 1,3-bis(2-ethyl-1-naphthyl)-4,5-dichloroimidazolium bromide.
4,5-Dichloroimidazole (1.23g, 9mmol) was dissolved into 27mL of acetonitrile.
Potassium hydroxide (0.61g, 9.9mmol) was added and the mixture was allowed to stir
for 0.5h. 1-(2-bromoethyl)-naphthalene (1.28mL, 2.1g, 9mmol) was added and the
solution was allowed to reflux overnight. The solution was filtered hot to remove a
white precipitate (presumed to be KBr), the solution was concentrated down to 20mL
and was transferred to a pressure tube. A second equivalent of 1-(2-bromoethyl)-
naphthalene (1.28mL, 2.1g, 9mmol) was added, the pressure tube was sealed, and
heated to 140°C overnight. The resulting brown precipitate was collected and washed
with ethyl ether '"H NMR (500 MHz, DMSO- ds) 9.49(1H, s, NCHN), 8.13 (2H, d, Ar),
7.98 (2H, d, Ar), 7.89 (2H, d, Ar), 7.64 (2H, m, Ar), 7.47 (2H, t, Ar), 7.32 (2H, d, Ar),
7.08 (2H, d, Ar), 4.54 (4H, t, NCHy), 3.54 (4H, t, CH,). C{1H} NMR (125 MHz,
DMSO-ds) 136.5 (NCN), 133.5 (Ar), 132.1 (Ar), 131.2 (Ar), 128.8 (Ar), 127.9 (Ar), 127.2
(Ar), 126.5 (Ar), 125.9 (Ar), 125.6 (Ar), 123.1 (Ar), 118.6 (Ar), 48.8 (CHy), 31.7 (CH,).
MS: m/z = 444.9 (theor for C27H23CI2N2Bry=526.3).

[052]

~“ AR B

CH;,CN KOH, CH4CN, 80°C
Cl Cl 80°C

[0563] Synthesis of  1-(2-ethyl-1-naphthyl)-3-(2-methylnaphthyl)-4,5-dichloro
imidazolium bromide.  4,5-Dichloroimidazole (0.137g, 1mmol) was dissolved into
1mL of acetonitrile. Potassium hydroxide (0.061g, 1.1mmol) was added and the
mixture was allowed to stir for 0.5h. 1-(2-bromoethyl)-naphthalene (0.142mL., 0.235g,
1mmol) was added and the solution was allowed to reflux for 2.5h. The solution was
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filtered hot to remove a white precipitate (presumed to be KBr) and the solution was
allowed to cool to room temperature to yield a tan crystalline material (0.085g, 29%
yield). This solid (0.085g, 0.3mmol) was then dissolved into 1mL of acetonitrile and 2-
bromomethyl naphthalene (0.065g, 0.3mmol) was added. The mixture was refluxed at
80°C for 3.5h, during which a white precipitate formed. The precipitate was collected
and washed with ethyl ether. 'H NMR (500 MHz, DMSO- ds) 9.46(1H, s, NCHN), 8.13
(1H, d, Ar), 7.96 (1H, d, Ar), 7.92 (1H, d, Ar), 7.61 (2H, m, Ar), 7.57 (4H, m, Ar), 7.39
(1H, d, Ar), 7.34 (2H, m, Ar), 5.62 (2H, s, CH;), 4.60 (2H, t, NCH,), 3.63 (2H, t, CH,).
¥C{1H} NMR (125 MHz, DMSO-ds) 136.5 (NCN), 133.5 (Ar), 132.8 (Ar), 132.6 (Ar),
132.2 (Ar), 131.2 (Ar), 129.8 (Ar), 128.9 (Ar), 128.8 (Ar), 127.9 (Ar), 127.8 (Ar), 127.7
(Ar), 127.6 (Ar), 127.2 (Ar), 126.9 (Ar), 126.8 (Ar), 126.5 (Ar), 125.9 (Ar), 125.5 (Ar),
125.3 (Ar), 123.1 (Ar), 51.6 (CHy), 49.0 (CHy), 31.4 (CHy). MS: m/z = 444.9 (theor for
C27H23CI2N2Bri=526.3).

[054]
‘ N’/:\\N
_
ClHCb
| $
N B, R O ;

[055] Synthesis of 1-benzyl-3-(2-ethyl-1-naphthyl)-4,5-dichloroimidazolium
bromide. 4,5-Dichloroimidazole (0.137g, 1mmol) was dissolved into 1mL of
acetonitrile. Potassium hydroxide (0.061g, 1.1mmol) was added and the mixture was
allowed to stir for 0.5h. 1-(2-bromoethyl)-naphthalene (0.142mL, 0.235g, 1mmol) was
added and the solution was allowed to reflux for 2.5h. The solution was filtered hot to

remove a white precipitate (presumed to be KBr) and the solution was allowed to cool
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to room temperature to yield a tan crystalline material (0.085g, 29% yield). This solid
(0.082g, 0.28mmol) was then dissolved into 1mL of acetonitrile and benzyl bromide
(33pL, 0.48g, 0.28mmol) was added. The mixture was refluxed at 80°C for 9h, during
which a white precipitate formed. The precipitate was collected and washed with ethyl
ether (0.057g, 44.3%yield). 'H NMR (500 MHz, DMSO- ds) 9.52(1H, s, NCHN), 8.15
(1H, d, Ar), 7.90 (1H, d, Ar), 7.92 (1H, d, Ar), 7.61 (1H, m, Ar), 7.57 (1H, t, Ar), 7.39
(1H, d, Ar), 7.34 (1H, d, Ar), 5.62 (2H, s, CHy), 4.60 (2H, t, NCHy), 3.63 (2H, t, CHy).
MS: m/z = 380.9 (theor for C2,H19CIoN,Bry=462.2).

[056]

.
.
/\Né‘\\N
c ci OQ
Br Br
N\ 3
Ny Br Né\N/\ 7N

N Ay
= T T e = OO

Cl cl 80°C Cl Cl

[057] Synthesis of 1-ethyl-3-methylnaphthyl-4,5-dichloroimidazolium bromide.
4,5-Dichloroimidazole (1.23g, 9mmol) was dissolved into 27mL of acetonitrile.
Potassium hydroxide (0.61g, 9.9mmol) was added and the mixture was allowed to stir
for 0.5h. Bromoethane (0.66mL, 9mmol) was added and the solution was allowed to
reflux overnight. The solution was filtered hot to remove a white precipitate (presumed
to be KBr) and 2-bromomethylnaphthalene (1.98g, 9mmol) was added and the mixture
was returned to reflux overnight. The mixture was then allowed to cool to room
temperature, resulting in a white precipitate (0.3538, 10% vyield). 'H NMR (500 MHz,
DMSO- dg) 9.62(1H, s, NCHN), 7.61 (4H, m, Ar), 7.58 (3H, m, Ar), ), 5.66 (2H, s,
NCHz), 4.27 (2H, q, NCH,), 147 (3H, t, CHs;). MS: m/z = 304.8 (theor for
C16H15CI2N2Br{=386.12).

[058]

+

\/\N('\N
cl

=~ OO

Br Br B
/\/ :
N Xy Br e N~ -~ Ny
CH3CN, KOH, H CH3CN, 80°C
cl cl 80°C cl ] ct &}
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[059] Synthesis of 1-propyl-3-methylnaphthyl-4,5-dichloroimidazolium bromide.
4,5-Dichloroimidazole (1.23g, 9mmol) was dissolved into 27mL of acetonitrile.
Potassium hydroxide (0.61g, 9.9mmol) was added and the mixture was allowed to stir
for 0.5h. 1-iodopropane (0.88mL, 9mmol) was added and the solution was allowed to
reflux overnight. The solution was filtered hot to remove a white precipitate (presumed
to be KBr) and 2-bromomethylnaphthalene (1.98g, 9mmol) was added and the mixture
was returned to reflux overnight. The mixture was then allowed to cool to room
temperature, resulting in a yellow precipitate (1.125, 31% yield). 'H NMR (500 MHz,
DMSO- dg) 9.58(1H, s, NCHN), 8.02 (4H, m, Ar), 7.57 (3H, m, Ar), 5.66 (2H, s, NCHy),
4.21 (2H, t, NCH,), 1.85 (2H, tq, CH>), 0.94 (3H, t, CHs). *C{1H} NMR (125 MHz,
DMSO-dg) 136.4 (NCN), 132.8 (Ar), 132.6 (Ar), 130.0 (Ar), 128.8 (Ar), 127.8 (Ar), 127.7
(Ar), 127.6 (Ar), 126.9 (Ar), 126.8 (Ar), 125.5 (Ar), 119.1 (Ar), 118.8 (Ar), 51.6 (CH),
50.0 (CHz) , 217 (CHy), 10.3 (CHj). MS: m/z = 318.8 (theor for
C17H17CI2N2Bri=399.13).

[060]

N

D
>_< CH3CN, KOH, >_< CH3CN, 80°C /\ /\
cl cl 80°C cl o] c Cl

[061] Synthesis of 2-propyl-3-methylnaphthyl-4,5-dichloroimidazolium bromide.

J\ Br Br
+

ANy Br %N/k )\N/A\N
_— > —

4,5-Dichloroimidazole (1.23g, 9mmol) was dissolved into 27mL of acetonitrile.
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Potassium hydroxide (0.61g, 9.9mmol) was added and the mixture was allowed to stir
for 0.5h. 2-iodopropane (0.88mL, 9mmol) was added and the solution was allowed to
reflux overnight. The solution was filtered hot to remove a white precipitate (presumed
to be KBr) and 2-bromomethylnaphthalene (1.98g, 9mmol) was added and the mixture
was returned to reflux overnight. The mixture was then allowed to cool to room
temperature, resulting in a white crystalline solid (1.33g, 36% vyield). 'H NMR (500
MHz, DMSO- dg) 9.82(1H, s, NCHN), 7.99 (4H, m, Ar), 7.57 (3H, m, Ar), 5.66 (2H, s,
NCHy), 4.71 (1H, 5, NCH), 10.94 (6H, t, CH3). "C{1H} NMR (125 MHz, DMSO-dg)
136.4 (NCN), 132.8 (Ar), 132.6 (Ar), 130.0 (Ar), 128.8 (Ar), 127.8 (Ar), 127.7 (Ar), 127.6
(Ar), 126.9 (Ar), 126.8 (Ar), 125.5 (Ar), 119.1 (Ar), 118.8 (Ar), 51.6 (CHy), 50.0 (CH,) ,
21.7 (CHy), 10.3 (CH3). MS: m/z = 318.8 (theor for C17H47CIoN2Bry=397.99).

[062]

e
e

B /\/\
e Xy r NP N
_— —_—
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[063] Synthesis of 1-butyl-3-methylnaphthyl-4,5-dichloroimidazolium bromide.
4,5-Dichloroimidazole (1.23g, 9mmol) was dissolved into 27mL of acetohitrile.
Potassium hydroxide (0.61g, 9.9mmol) was added and the mixture was allowed to stir
for 0.5h. 1-iodobutane (1mL, 9mmol) was added and the solution was allowed to reflux
overnight. The solution was filtered hot to remove a white precipitate (presumed to be
KBr) and 2-bromomethylnaphthalene (1.98g, 9mmol) was added and the mixture was
returned to reflux overnight. The mixture was then allowed to cool to room
temperature, resulting in a yellow precipitate (1.125, 31% yield). 'H NMR (500 MHz,
DMSO- dg) 9.66(1H, s, NCHN), 8.02 (4H, m, Ar), 7.57 (3H, m, Ar), 5.66 (2H, s, NCH,),
4.24 (2H, t, NCH), 1.80 (2H, tt, CH,), 1.37 (2H, tq, CHy), 0.93 (3H, t, CHa). "*C{1H}
NMR (125 MHz, DMSO-dg) 136.4 (NCN), 132.8 (Ar), 132.6 (Ar), 130.0 (Ar), 128.8 (Ar),
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127.8 (Ar), 127.7 (Ar), 127.6 (Ar), 126.8 (Ar), 126.7 (Ar), 125.5 (Ar), 119.1 (Ar), 118.7
(Ar), 51.6 (CHz), 48.3 (CHy), 30.1 (CHy), 18.7 (CH), 13.2 (CH3). MS: m/z = 332.9
(theor for C4gH19CI:N2Bri=414.17).
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[065] Synthesis of 1-pentyl-3-methylnaphthyl-4,5-dichloroimidazolium bromide.
4,5-Dichloroimidazole (1.23g, 9mmol) was dissolved into 27mL of acetonitrile.
Potassium hydroxide (0.61g, 9.9mmol) was added and the mixture was allowed to stir
for 0.5h. 1-bromopentane (1.1mL, 9mmol) was added and the solution was allowed to
reflux overnight. The solution was filtered hot to remove a white precipitate (presumed
to be KBr) and 2-bromomethyinaphthalene (1.98g, 9mmol) was added and the mixture
was returned to reflux overnight. The mixture was then allowed to cool to room
temperature, resulting in a yellow precipitate (1.793, 49% yield). 'H NMR (500 MHz,
DMSO- ds) 9.66(1H, s, NCHN), 8.02 (4H, m, Ar), 7.57 (3H, m, Ar), 5.66 (2H, s, NCH,),
4.24 (2H, t, NCHy), 1.80 (2H, tt, CHy), 1.37 (2H, tq, CHy), 0.93 (3H, t, CHs). "*C{1H}
NMR (125 MHz, DMSO-ds) 136.4 (NCN), 132.8 (Ar), 132.6 (Ar), 130.0 (Ar), 128.8 (Ar),
127.8 (Ar), 127.7 (Ar), 127.6 (Ar), 126.8 (Ar), 126.7 (Ar), 125.5 (Ar), 120.9 (Ar), 114.1
(Ar), 112.9 (Ar), 51.6 (CHy), 48.5 (CH_y), 27.8 (CHy), 27.4 (CH), 21.4 (CHy), 13.6 (CHs3).
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[067] Synthesis of 1-hexyl-3-methylnaphthyi-4,5-dichloroimidazolium bromide.
4,5-Dichloroimidazole (1.23g, 9mmol) was dissolved into 27mL of acetonitrile.
Potassium hydroxide (0.61g, 9.9mmol) was added and the mixture was allowed to stir
for 0.5h. 1-bromohexane (1.26mL, 9mmol) was added and the solution was allowed to
reflux overnight. The solution was filtered hot to remove a white precipitate (presumed
to be KBr) and 2-bromomethylnaphthalene (1.98g, 9mmol) was added and the mixture
was returned to reflux overnight. The mixture was then allowed to cool to room
temperature, resulting in a yellow precipitate (2.57 , 65% yield). '"H NMR (500 MHz,
DMSO- dg) 9.64(1H, s, NCHN), 8.02 (4H, m, Ar), 7.57 (3H, m, Ar), 5.66 (2H, s, NCHy),
4.22 (2H, t, NCHy), 1.80 (2H, tt, CHy), 1.30 (6H, m, CHy), 0.93 (3H, t, CHs). "*C{1H}
NMR (125 MHz, DMSO-ds) 136.4 (NCN), 132.8 (Ar), 132.6 (Ar), 130.0 (Ar), 128.8 (Ar),
127.8 (Ar), 127.7 (Ar), 127.6 (Ar), 126.8 (Ar), 126.7 (Ar), 125.5 (Ar), 119.1 (Ar), 51.6
(CHy), 48.3 (CHy), 30.5 (CHy), 28.0 (CHy), 24.9 (CHy), 21.8 (CHy), 13.2 (CH3). MS: m/z
= 332.9 (theor for CyoH23CI:N2Br1=414.17).
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[069] Synthesis of 1-heptyl-3-methylnaphthyl-4,5-dichloroimidazolium bromide.
4,5-Dichloroimidazole (1.23g, 9mmol) was dissolved into 27mL of acetonitrile.
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Potassium hydroxide (0.61g, 9.9mmol) was added and the mixture was allowed to stir
for 0.5h. 1-bromoheptane (1.41mL, 9mmol) was added and the solution was allowed to
reflux overnight. The solution was filtered hot to remove a white precipitate (presumed
to be KBr) and 2-bromomethyinaphthalene (1.98g, 9mmol) was added and the mixture
was returned to reflux overnight. The mixture was then allowed to cool to room
temperature, resulting in a yellow/white precipitate (2.73, 67% vyield). '"H NMR (500
MHz, DMSO- dg) 9.70(1H, s, NCHN), 7.99 (4H, m, Ar), 7.57 (3H, m, Ar), 5.68 (2H, s,
NCH>), 4.23 (2H, t, NCHy), 1.82 (2H, tt, CH,), 1.30 (8H, m, CHy), 0.93 (3H, t, CH3). MS:
m/z = 374.8 (theor for C21H25CI.N2Bry=456.25).
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[071] Synthesis of 1-nonyl-3-methylnaphthyl-4,5-dichloroimidazolium bromide.
4,5-Dichloroimidazole (1.23g, 9mmol) was dissolved into 27mL of acetonitrile.
Potassium hydroxide (0.61g, 9.9mmol) was added and the mixture was allowed to stir
for 0.5h. 1-bromononane (1.72mL, 9mmol) was added and the solution was allowed to
reflux overnight. The solution was filtered hot to remove a white precipitate (presumed
to be KBr) and 2-bromomethylnaphthalene (1.98g, 9mmol) was added and the mixture
was returned to reflux overnight. The mixture was then allowed to cool to room
temperature, resulting in a yellow/white precipitate (2.73, 56% vyield). '"H NMR (500
MHz, DMSO- dg) 9.63(1H, s, NCHN), 7.99 (4H, m, Ar), 7.58 (3H, m, Ar), 5.66 (2H, s,
NCHy), 4.22 (2H, t, NCH,), 1.82 (2H, tt, CH»), 1.25 (12H, m, CHy), 0.93 (3H, t, CH3).
MS: m/z = 402.8 (theor for C23H29CI2N2Bri=484.31).
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[073] Synthesis of 1-(quinolin-2-ylmethyl)-4,5-dichloroimidazole. 4,5-
Dichloroimidazole (2.00 g, 14.6 mmol) was dissolved in 15 mL acetonitrile in a round
bottom flask. Potassium hydroxide (0.90 g, 16.0 mmol) was added and the mixture was
refluxed for 15 min. Concurrently, 2-chloromethylquinoline hydrochloride (3.13 g, 14.6
mmol) and potassium hydroxide (0.82 g, 14.6 mmol) were added to a second round
bottom flask and stirred in 60 mL acetonitrile at reflux for 10 min. The contents of the
second flask were added to the first, and the combined mixture was refluxed overnight,
during which time a white precipitate formed. The reaction mixture was filtered hot,
yielding a clear, tan filtrate. Slow evaporation and cooling of the filtrate yielded tan
crystals, which were collected by a second filtration (2.28 g, 56% yield). "H NMR (300
MHz, DMSO-dg) 8.42 (1H, d, Ar), 8.04 (1H, s, NCHN), 8.00 (1H, d, Ar), 7.93 (1H, d, Ar),
7.76 (1H, t, Ar), 7.61 (1H, t, Ar), 7.38 (1H, d, Ar), 5.57 (2H, s, CH)).

[074] Crystals suitable for single crystal X-ray diffraction were grown from acetonitrile.
Crystal data for 1-(quinolin-2-ylmethyl)-4,5-dichloroimidazole: C13HgCloN3, M, = 278.13,
monoclinic, a = 11.4028(5) A, b = 5.6309(3) A, ¢ = 18.5920(9) A, B = 99.935(2)°, V =
1175.85(10) A®, T = 100(2) K, space group P2(1)/n, Z = 4, p(Mo Ka) = 0.534 mm™,
19272 reflections measured, 2717 independent reflections (Rint = 0.0226). The final R4
values were 0.0247 (/ > 20(/). The final wR(F?) values were0.0690 (/ > 2a(/). The final
R values were 0.0263 (all data). The goodness of fit on F?> was 0.997.

[075]

N w N
QO ‘
N/\NH
o Cz?:N H“( = )—4«(
relt;;lllllx 34 3h




WO 2012/149523 PCT/US2012/035773

[076] Synthesis of 1-(benzo[1,4]dioxan-2-ylmethyl)- 4,5-dichloroimidazole. 4,5-
Dichloroimidazole (0.68 g, 5 mmol) and potassium hydroxide (0.28 g, 5 mmol) were
added to a round bottom flask. Acetonitrile (2 mL) was added and the mixture was
brought to reflux and stirred 30 min until all KOH was consumed. 2-(Bromomethyl)-1,4-
benzodioxane (1.5 mL, 10 mmol) was added and the solution was returned to reflux
overnight, during which time a white precipitate formed. The mixture was cooled to
ambient temperature and filtered to remove the precipitate. The filtrate was
concentrated via rotary evaporation at 75 °C until a yellow liquid remained. Upon
cooling, the solution yielded a yellow solid. The solid was stirred in diethyl ether and
filtered to yield a pale yellow solid (0.73 g, 52% vyield).

[077] Synthesis of 1-(benzo[1,4]dioxan-2-ylmethyl)- 4,5-dichloro-3-(napthalen-2-
ylmethyl)imidazolium bromide. 1-(Benzo[1,4]dioxan-2-ylmethyl)- 4,5-
dichloroimidazole (0.28 g, 1 mmol) was combined with acetonitrile (2 mL) and heated
until all solid dissolved. 2-(Bromomethyl)naphthalene (0.22 g, 1 mmol) was added and
the solution was refluxed for 3 h, during which time a white precipitate formed. The
precipitate was collected by filtration and washed with diethyl ether to yield a white solid
(0.29 g, 57% vyield). 'H NMR (300 MHz, DMSO-dg) 9.65 (1H, s, NCHN), 8.00 (4H, m,
Ar), 7.57 (3H, m, Ar), 6.87 (4H, m, Ar), 572 (2H, s, CH,), 4.11-4.88 (5H, m,
CH2CHCH,0).
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[079] Synthesis of 3-(naphthalen-2-ylmethyl)-1-(quinolin-2-ylmethyl)-4,5-
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dichloroimidazolium bromide. 4,5-Dichloroimidazole (2.00 g, 14.6 mmol) was
dissolved in 15 mL acetonitrile in a round bottom flask. Potassium hydroxide (0.90 g,
16.0 mmol) was added and the mixture was refluxed for 15 min. Concurrently, 2-
chloromethylquinoline hydrochloride (3.13 g, 14.6 mmol) and potassium hydroxide
(0.82 g, 14.6 mmol) were added to a second round bottom flask and stirred in 60 mL
acetonitrile at reflux for 10 min. The contents of the second flask were added to the
first, and the combined mixture was refluxed overnight, during which time a white
precipitate formed. The reaction mixture was filtered hot, yielding a clear, tan filtrate.
Slow evaporation and cooling of the filtrate yielded tan crystals of 1-(quinolin-2-
ylmethyl)-4,5-dichloroimidazole, which were collected by a second filtration. The
crystals (0.66 g, 2.4 mmol) and 2-(bromomethyl)naphthalene (0.58 g, 2.6 mmol) were
dissolved in 2 mL acetonitrile and refluxed for 3.5 h, during which time a white
precipitate formed. The precipitate was collected via filtration of the reaction mixture
and washed with acetonitrile to yield a white powder (1.02 g, 86% yield). ). '"H NMR
(300 MHz, DMSO-dg) 9.84 (1H, s, NCHN), 8.52 (1H, d, Ar), 7.8 (12H, m, Ar), 5.95 (2H,
s, CHy), 5.83 (2H, s, CHy).
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[081] Synthesis of 1,3-bis(quinolin-2-ylmethyl)-4,5-dichloroimidazolium chioride.
4,5-Dichloroimidazole (2.00 g, 14.6 mmol) was dissolved in 15 mL acetonitrile in a
round bottom flask. Potassium hydroxide (0.90 g, 16.0 mmol) was added and the
mixture was refluxed for 15 min. Concurrently, 2-chloromethylquinoline hydrochloride
(3.13 g, 14.6 mmol) and potassium hydroxide (0.82 g, 14.6 mmol) were added to a
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second round bottom flask and stirred in 60 mL acetonitrile at reflux for 10 min. The
contents of the second flask were added to the first, and the combined mixture was
refluxed overnight, during which time a white precipitate formed. The reaction mixture
was filtered hot, yielding a clear, tan filtrate. Slow evaporation and cooling of the filtrate
yielded tan crystals of 1-(quinolin-2-ylmethyl)-4,5-dichloroimidazole, which were
collected by a second filtration. 2-Chloromethylquinoline hydrochloride (0.19 g, 0.88
mmol) and potassium hydroxide (0.05 g, 0.90 mmol) were added to 5 mL acetonitrile
and refluxed for 30 min. Crystals of 1-(quinolin-2-ylmethyl)-4,5-dichloroimidazole
(0.1087 g, 0.39 mmol) were added, and the mixture was refluxed overnight, during
which time it became red in color and viscous. The residue was extracted with
dichloromethane (2x10 mL) and the combined organic layers were dried with Mg>SOs.
The volatile components were removed under reduced pressure yielding an oil. The oil
was dissolved in water, and the solution was extracted with toluene (2x). The combined
aqueous layer was collected and the solvent allowed to evaporate in air. A sticky brown
solid was collected in low yield. 'H NMR (300 MHz, DMSO-dg) 10.03 (1H, s, NCHN),
8.55 (2H, d, Ar), 8.07 (2H, d, Ar), 7.89 (2H, d, Ar), 7.79 (2H, t, Ar), 7.74 (2H, d, Ar), 7.67
(2H, t, Ar), 6.07 (4H, s, CHy).
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[083] Synthesis of 1-(2-methylanthraquinonyl)-4,5-dichloroimidazole. 4,5-
Dichloroimidazole (0.18 g, 1.33 mmol) and potassium hydroxide (0.08 g, 1.46 mmol)
were combined in a round bottom flask. Acetonitrile (2 mL) was added and the mixture

was stirred at reflux for 30 min, dissolving the remaining solid. Concurrently, 2-
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(Bromomethyl)anthraquinone (0.4 g, 1.33 mmol) was added to 30 mL acetonitrile and
stirred at reflux for 30 min, partially dissolving the solid. The solution in the initial flask
was added to the 2-(bromomethyl)anthraquinone mixture, and the solution was
returned to reflux for 3 h. The mixture was filtered hot, and a precipitate quickly formed
in the tan filtrate. The precipitate was collected by a second filtration and washed with
cold acetonitrile to yield a yellow powder (0.19 g, 40% yield). 'H NMR (300 MHz,
DMSO-dg) 8.20 (3H, m, Ar), 8.10 (1H, s, NCHN), 8.01 (1H, d, Ar), 7.89-7.95 (2H, m,
Ar), 7.74 (1H, dd, Ar), 5.51 (2H, s, CHy).
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[085] Synthesis of 4,5,6,7-tetrachloro-3-methyl-1-(naphthalen-2-ylmethyl)-1H-
benzo[d]imidazolium iodide. Synthesis was conducted under anaerobic conditions.
1-methylnaphthyl-4,5,6,7-tetrachlorobenzimidazole (0.77 g, 2.0 mmol) was dissolved
into 30 mL of dry methylene chioride combined with methyl trifluoromethanesulfonate
(0.25 mL, 2.3 mmol). The resulting mixture was refluxed for 20 h, during which time a
precipitate formed. The precipitate was collected, washed with benzene, and
redissolved in methanol that contained tetra-n-butylammonium iodide (0.59 g, 1.5
mmol). A white solid that precipitated out was then collected and washed with cold
ethanol to yield a white powder (0.54 g, 50% vyield). Mp: 187-189 °C. Found: C, 42.4: H,
2.2; N, 5.0 Calc. for C1gH13Cl4N2l1: C, 42.4; H, 2.4; N, 5.2%. FTIR (KBr, cm-1) u(CN)
1305 and 1104, u(CCl) 669. "H NMR (500 MHz, DMSO- d) 9.46 (1H, s, NCHN), 7.98
(4H, m, Ar), 7.57 (3H, m, Ar), 5.66 (2H, s, NCH,), 3.84 (3H, s, NCH3). "*C{1H} NMR
(125 MHz, DMSO-ds) 148.3 (NCN), 132.7 (Ar-Cl), 132.6 (Ar-Cl), 131.8 (Ar-Cl), 130.8
(Ar-Cl), 129.8 (Ar), 128.6 (Ar), 128.5 (Ar), 127.7 (Ar), 127.6 (Ar), 126.6 (Ar), 125.9 (Ar),
124.7 (Ar), 52.2 (CHy), 37.7 (CH3). MS: m/z = 408.8 (theor for C19H13CI4N,+=408.98).
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Crystals suitable for single crystal X-ray diffraction were grown from a
concentrated solution of chloroform. Crystal data for 6: C;gH3CIsN2ly, M = 538.01,
monoclinic, a = 24.500(3) A, b = 12.9443(12) A, ¢ = 14.1288(13) A, B = 117.003(2)°, V
= 3992.3(7) A3, T = 100(2) K, space group C2/c, Z = 8, pu(Mo Ka) = 2.146 mm™', 17009
reflections measured, 4569 independent reflections (Rint = 0.0396). The final R1 values
were 0.0330 (I>20(l)). The final wR(F?) values were 0.0798 (I>20(l)). The final R1
values were 0.0404 (all data). The final wR(F?) values were 0.0850 (all data). The

goodness of fit on F? was 1.048.
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[087] Synthesis of 1-hydroxyethyl-3-methyl-4,5,6,7-tetrachlorobenzimidazole . 1-
hydroxyethyl-4,5,6,7-tetrachlorobenzimidazole (1.0 g, 3.6 mmol) was dissolved in 17
mL of DMF. lodomethane (1.00 mL, 10.8 mmol) was added and the solution was
heated at 90 °C for 20 h. The solution was then cooled and a light yellow precipitate
was collected via filtration and then immediately washed with cold ethanol to give a light
yellow powder (1.59 g, 62% vyield). Mp: 218-220 °C. Found: C, 27.1; H, 1.9; N, 6.1 Calc.
for C1oH9ClsN20O1l1: C, 27.2; H, 2.05; N, 6.3%. FTIR (KBr, cm-1) u(OH) 3304, u(CN)
1305 and 1075, u(CCl) 673. "H NMR (500 MHz, DMSO-dg) 9.94 (1H, s, NCHN), 5.17
(1H, t, OH), 4.79 (2H, t, CHy), 4.33 (3H, s, CH3), 3.85 (2H, t, CH,). "*C{1H} NMR (125
MHz, DMSO-dg) 148.1 (NCN), 130.7 (Ar-Cl), 130.5 (Ar-Cl), 129.5 (Ar-Cl), 128.5 (Ar-Cl),
118.7 (Ar), 118.2 (Ar), 58.9 (CHy), 52.1 (CHy), 37.3 (CH3). MS: m/z = 312.9 (theor. for
C7H3ClsNo+ = 312.9).

[088] Crystals suitable for X-ray diffraction were grown from a concentrated chloroform
solution. Crystal data for 4: C1oHoCIlsN2O411, M = 441.89, monoclinic, a = 9.2405(9) A, b
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= 6.9153(7) A, ¢ = 22.244(2) A, B = 99.331(2)°, V = 1402.6(2) A®, T = 100(2) K, space
group P2(1)/c, Z = 4, y(Mo Ka) = 3.033 mm™, 11737 reflections measured, 3346
independent reflections (Rint = 0.0311). The final R1 values were 0.0257 (I1>20(l)). The
final wR(F?) values were 0.0630 (I>2a(l)). The final R1 values were 0.0276 (all data).
The final WR(F?) values were 0.0639 (all data). The goodness of fit on F2 was 1.087.
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[090] Synthesis of 1,3,9-trimethyl-7-methylnaphthylxanthinium iodide (8). 2.90g
(9.05mmol) of 1,2-dimethyl-7-methylnaphthyixanthine was dissolved in 15mL of DMF.
10mL (160 mmol) of lodomethane was added and the mixture was heated to 80°C for
20h. Volatiles were removed via rotary evaporation to produce a dark brown oil. The
oil was washed with cold acetone to precipitate a light yellow powder. The precipitate
was collected and washed with 50mL of chloroform and 50mL of water to yield 2.44g of
pure product (68% yield). Anal. Calcd for C1gH1gN4QO2l: C, 49.36; H, 4.19; N, 12.12.
Found C, 48.82; H, 3.86; N, 11.78. Mass Spectrometry gave m/z (M-1)=335.1 (Theor
for C19H19N4O2+=335.3). 1H NMR (500 MHz, DMSO-d;) 9.54 (s, 1H, NCHN), 7.95 (m,
4H, Ar), 7.56 (m, 3H, Ar), 5.89 (s, 2H, CH,), 4.18 (s, 3H, CHjs), 3.74 (s, 3H, CH3), 3.24
(s, 3H, CH3). 13C NMR (500MHz, DMSO-ds) 153.04 (s, NCO), 150.04 (s, NCON),
139.7(s, NCN), 139.49 (s, NC+N), 132.49 (s, Ar), 132.69 (s, Ar), 132.63 (s, Ar), 131.44
(s, Ar), 128.56 (s, Ar), 127.85 (s, Ar), 127.57 (s, Ar), 127.22 (s, Ar), 126.70 (s, Ar),
126.61 (s, Ar), 125.56 (s, Ar), 107.10 (s, NCCO), 51.33 (s, CHy), 37.39 (s, CH3), 31.46
(s, CH3), 28.46 (s, CHs)

[091]
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[092] Synthesis of 1,3-dibenzyl-4,5-dichloro-1H-imidazol-3-ium bromide. 4,5-
dichloroimidazole (1.00g, 7.36mmol) was dissolved in acetonitrile.  Potassium
hydroxide (0.828g, 14.72mmol) was added to the solution and allowed to reflux for 30
min. 1 equivalent of benzyl bromide (1.26g, 7.36mmol) was added to the solution and
refluxed for 2.5h. Solution was filtered hot to remove the KBr precipitate and placed
back onto reflux. The second equivalent of benzyl bromide (1.38g, 8.10mmol) was
added to solution and refluxed for 1.5h. The solution was cooled and the white
precipitate was collected and analyzed. Yield: 93%. 'H NMR (500 MHz, DMSO-d¢): &
5.55 (s, 4H, CHy), 7.43-7.46 (m, 10H, aryl), 9.86 (s, 1H, NCHN); "*C NMR (125 MHz,
DMSO-dg): 6 51.50, 119.11, 128.27, 128.84, 128.93, 132.61, 136.68
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[094] Synthesis of 1-(carboxymethyl)-3-methyl-1H-imidazol-3-ium. 1H-Imidazole

(1.00g, 14.69mmol) was dissolved in acetonitrile. Potassium hydroxide (1.65g,
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29.33mmol) was added to the solution and allowed to reflux for 30 min. 1 equivalent of
2-bromoacetic acid (2.04g, 14.69mmol) was added to the solution and refluxed for 3h.
KBr was removed by vacuum filtration and the filtrate placed back onto reflux. Methyl
iodide (1.8mL, 4.17g, 29.38mmol) was added to solution and refluxed for 3h. The
solution was cooled and the white precipitate was collected and analyzed. '"H NMR
(300 MHz, DMSO-dg): 5 3.91, 5.20, 7.77, 7.78, 9.20,13.63; "*C NMR (125 MHz, DMSO-
de): 6 35.9,49.7, 123.2, 123.7, 137.6, 168.2

[095]
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[096] Synthesis of 1,3-bis(carboxymethyl)-1H-imidazol-3-ium. 1H-Imidazole
(1.00g, 14.69mmol) was dissolved in acetonitrile. Potassium hydroxide (1.65g,
29.33mmol) was added to the solution and allowed to reflux for 30 min. 2.1 equivalents
of 2-bromoacetic acid (4.29g, 30.85mmol) was added to the solution and refluxed for
6h. KBr was removed by vacuum filtration and the filtrate placed into a round bottom
flask. The solution was neutralized with 6M HBr. The volatiles were removed in vacuo
and the product washed with ethyl ether. The resulting white precipitate was collected
and analyzed. "H NMR (300 MHz, DMSO-dg): 5 4.71, 7.71, 7.78, 9.20, 13.96.

[097]
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[098] Synthesis of 1,3-bis(carboxymethyl)-4,5-dichloro-1H-imidazol-3-ium. 4 5-
dichloroimidazole (1.00g, 7.36mmol) was dissolved in acetonitrile.  Potassium
hydroxide (0.828g, 14.72mmol) was added to the solution and allowed to reflux for 30
min. 2.1 equivalents of 2-bromoacetic acid (2.15g, 15.46mmol) was added to the
solution and refluxed for 6h. KBr was removed by vacuum filtration and the filtrate
placed into a round bottom flask. The solution was neutralized with 6M HBr. The
volatiles were removed in vacuo and the product washed with ethyl ether. The
resulting white precipitate was collected and analyzed. 'H NMR (300 MHz, DMSO-dg):
0 4.89, 9.57, 12.71.

[099]
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[100] Synthesis of 1-(carboxymethyl)-4,5-dichloro-3-(naphthalen-2-ylmethyl)-1H-
imidazol-3-ium bromide. 4,5-dichloroimidazole (1.00g, 7.36mmol) was dissolved in
acetonitrile. Potassium hydroxide (0.828¢g, 14.72mmol) was added to the solution and
allowed to reflux for 30 min. 1 equivalent of 2-bromoacetic acid (2.15g, 15.46mmol)
was added to the solution and refluxed for 2.5h. Solution was filtered to remove the
KBr precipitate and placed back onto reflux. An equivalent of 2-
(bromomethyl)naphthalene (1.63g, 7.36mmol) was added to solution and refluxed for
2.5h. The solution was neutralized with 6M HBr, volatiles removed in vacuo, and the
resulting white precipitate was collected and analyzed. 'H NMR (300 MHz, DMSO-dg):
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04.71,5.75,7.59, 8.02, 9.81, 12.71.
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[102] Synthesis of 1-(4-carboxybutyl)-4,5-dichloro-3-(naphthalen-2-yimethyl)-1H-
imidazol-3-ium bromide. 4,5-dichloroimidazole (1.00g, 7.36mmol) was dissolved in
acetonitrile. Potassium hydroxide (0.828¢g, 14.72mmol) was added to the solution and
allowed to reflux for 30 min. 1 equivalent of 5-bromopentanoic acid (1.33g, 7.36mmol)
was added to the solution and refluxed for 5h. Solution was filtered to remove the KBr
precipitate and placed back onto reflux. An equivalent of 2-(bromomethyl)naphthalene
(1.63g, 7.36mmol) was added to solution and refluxed for 2.5h. The solution was
neutralized with 6M HBr, volatiles removed in vacuo, and the resulting white precipitate
was collected and analyzed. "H NMR (300 MHz, DMSO-ds): 6 1.61, 1.80, 2.25, 3.51,
5.76, 7.61, 8.05, 9.74, 12.07.

[103]
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[104] Synthesis of 1-(4-(carboxymethoxy)benzyl)-4,5-dichloro-3-(naphthalen-2-
yImethyI)-1H-imidazo'l-3-ium bromide. 4,5-dichloroimidazole (1.00g, 7.36mmol) was
dissolved in acetonitrile. Potassium hydroxide (0.828¢g, 14.72mmol) was added to the
solution and allowed to reflux for 30 min. 1 equivalent of 2-(4-
(bromomethyl)phenoxy)acetic acid (1.80g, 7.36mmol) was added to the solution and
refluxed for 5h. Solution was filtered to remove the KBr precipitate and placed back
onto reflux. An equivalent of 2-(bromomethyl)naphthalene (1.63g, 7.36mmol) was
added to solution and refluxed for 2.5h. The solution was neutralized with 6M HBr,
volatiles removed in vacuo, and the resulting white precipitate was collected and
analyzed. '"H NMR (300 MHz, DMSO-dg): d 4.70, 5.45, 5.76, 7.12, 7.61, 8.05, 9.74,
12.32.

[105]
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[106] Synthesis of 1,3-bis(4-(carboxymethoxy)benzyl)-4,5-dichloro-1H-imidazol-
3-ium bromide. 4,5-dichloroimidazole (1.00g, 7.36mmol) was dissolved in acetonitrile.
Potassium hydroxide (0.828g, 14.72mmol) was added to the solution and allowed to
reflux for 30 min. 2 equivalents of 2-(4-(bromomethyl)phenoxy)acetic acid (3.61g,
14.72mmol) was added to the solution and refluxed for 5h. Solution was filtered to
remove the KBr precipitate and neutralized with 6M HBr. Volatiles were removed in
vacuo and the resulting white precipitate was collected and analyzed. 'H NMR (300
MHz, DMSO-dg): 6 4.67, 5.51, 7.12, 7.61, 9.23, 12.17.

[107]
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[108] Synthesis of 1-(4-carboxybutyl)-3-(carboxymethyl)-4,5-dichloro-1H-
imidazol-3-iumbromide. 4,5-dichloroimidazole (1.00g, 7.36mmol) was dissolved in
acetonitrile. Potassium hydroxide (0.828g, 14.72mmol) was added to the solution and
allowed to reflux for 30 min. 1 equivalent of 5-bromopentanoic acid (1.33g, 7.36mmol)
was added to the solution and refluxed for 5h. Solution was filtered to remove the KBr
precipitate and placed back onto reflux. 2-bromoacetic acid (2.15g, 15.46mmol) was
added to the solution and refluxed for 2.5h. The solution was neutralized with 6M HBr,
volatiles removed in vacuo, and the resulting white precipitate was collected and
analyzed. 'H NMR (300 MHz, DMSO-de): 6 3.11, 3.56, 4.68, 4.91, 5.24, 8.24, 10.086,
12.04.

[109]
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[110] Synthesis of 1,1,1"-((2,4,6-trimethylbenzene-1,3,5-
triyl)tris(methylene))tris(3-(naphthalen-2-ylmethyl)-1H-imidazolium) tribromide. To
a round bottom flask was added 0.72 g (2 mmol) TITMB, 1.32 g (6 mmol) 2-
(bromomethyl) naphthalene and 10 ml butyl alcohol. The solution was refluxed
overnight during which time a precipitate formed. The solid was filtered and washed
with  THF to afford 132 ¢ of 1,1',1"«((2,4,6-trimethylbenzene-1,3,5-
triyltris(methylene))tris(3-(naphthalen-2-yimethyl)-1H-imidazolium) tribromide as a
yellowish-white solid. '"H NMR (DMSO-dg): & 2.35, 5.63, 5.67, 7.53, 7.54, 7.72, 7.79,
7.86, 7.89, 7.96, 9.66.

[111]
OO CIYE !
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N
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[112] Synthesis of 3,3',3"-(2,4,6-trimethylbenzene-1,3,5-triyl)tris(methylene)
tris(4,5-dichloro-1-(naphthalen-2-ylmethyl)-1H-imidazol-3-ium) bromide). 4,5-
dichloroimidazole (3.00g, 21.90mmol) was dissolved in THF and brought to reflux.
Potassium hydroxide (2.46g, 43.80mmol) was added to the solution and allowed to
reflux for 30 min. 1,3,5-tris(bromomethyl)-2,4,6-trimethylbenzene (2.91g, 7.30mmol)
was added to the solution and refluxed overnight. Solution was filtered while hot to

remove the KBr precipitate and the filtrate returned to reflux. 2-
(bromomethyl)naphthalene (4.84g, 21.90mmol) was added to the solution and refluxed
for 3h. The volatiles were removed in vacuo and the resulting waxy yellow solid was
washed in ethyl ether. A white precipitate was collected and analyzed. 'H NMR (300
MHz, DMSO-ds): 6 2.18, 4.86, 5.16, 7.33, 7.54, 7.92, 10.28.

[113]
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[114] Synthesis of 3,3',3”’-(5-((4,5-dichloro-1-(naphthalen-1-ylmethyl)-1H-
imidazol-3-ium-3-yl)methyl)-2,4,6-trimethyl-1,3-phenylene)bis(methylene)bis(4,5-

dichloro-1-(2-(naphthalen-1-yl)ethyl)-1H-imidazol-3-ium) bromide). 4,5-
dichloroimidazole (3.00g, 21.90mmol) was dissolved in THF and brought to reflux.
Potassium hydroxide (2.46g, 43.80mmol) was added to the solution and allowed to
reflux for 30 min. 1-(bromoethyl)naphthalene (5.15g, 21.90mmol) was added to the
solution and refluxed for 3h. Solution was filtered while hot to remove the KBr
precipitate and the filtrate was returned to reflux. 1,3,5-tris(bromomethyl)-2,4,6-
trimethylbenzene (2.91g, 7.30mmol) was added to the solution and refluxed overnight.
The volatiles were removed in vacuo and the resulting waxy yellow solid was washed in

Il-

Cl

ethyl ether. A white precipitate was collected and analyzed. 'H NMR (300 MHz,
DMSO-dg): 6 2.36, 3.59, 4.66, 5.48, 7.14, 7.42, 7.76, 7.95, 8.10, 10.12.
[115]
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[116] Synthesis of 3,3',3"-(benzene-1,3,5-triyltris(methylene))tris(4,5-dichloro-1-
(naphthalen-2-ylmethyl)-1H-imidazol-3-ium) bromide). 4,5-dichloroimidazole
(3.00g, 21.90mmol) was dissolved in THF and brought to reflux. Potassium hydroxide
(2.469g, 43.80mmol) was added to the solution and allowed to reflux for 30 min. 1,3,5-
tris(bromomethyl)benzene (2.61, 7.30mmol) was added to the solution and refluxed
overnight. Solution was filtered while hot to remove the KBr precipitate and the filtrate
returned to reflux. 2-(bromomethyl)naphthalene (4.84g, 21.90mmol) was added to the
solution and refluxed for 3h. The volatiles were removed in vacuo and the resulting
waxy yellow solid was washed in ethyl ether. A white precipitate was collected and
analyzed. "H NMR (300 MHz, DMSO-dg): 5 4.87, 5.18, 7.32, 7.57, 7.95, 10.30.
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[118] Synthesis of 3,3',3”’-(5-((4,5-dichloro-1-(naphthalen-1-ylmethyl)-1H-
imidazol-3-ium-3-yl)methyl)-1,3-phenylene)bis(methylene)bis(4,5-dichloro-1-(2-
(naphthalen-1-yl)ethyl)-1H-imidazol-3-ium) bromide). 4,5-dichloroimidazole (3.00g,
21.90mmol) was dissolved in THF and brought to reflux. Potassium hydroxide (2.46g,
43.80mmol) was added to the solution and allowed to reflux for 30 min. 1-
(bromoethyl)naphthalene (5.15g, 21.90mmol) was added to the solution and refluxed
for 3h. Solution was filtered while hot to remove the KBr precipitate and the filtrate was
returned to reflux. 1,3,5-tris(bromomethyl)benzene (2.61, 7.30mmol) was added to the
solution and refluxed overnight. The volatiles were removed in vacuo and the resulting
waxy yellow solid was washed in ethyl ether. A white precipitate was collected and
analyzed. 'H NMR (300 MHz, DMSO-ds):  3.60, 4.66, 5.49, 7.22, 7.45, 7.77, 7.98,
8.13, 10.11.
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[119] Prophetic Examples are as follows:
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[120] Synthesis of 1-octyl-3-methylnaphthyl-4,5-dichloroimidazolium bromide.
4,5-Dichloroimidazole (1.23g, 9mmol) will be dissolved into acetonitrile. Potassium
hydroxide (0.61g, 9.9mmol) will be added and the mixture will be allowed to stir for
0.5h. 1-bromooctane (1.55mL, 9mmol) will be added and the solution will be allowed to
reflux overnight. The solution will be filtered hot to remove a white precipitate
(presumed to be KBr) and 2-bromomethylnaphthalene (1.98g, 9mmol) will be added
and the mixture will be returned to reflux overnight. The mixture will be allowed to cool
to room temperature, resulting in a yellow/white precipitate.

[121]
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[122] Synthesis of 1-decyl-3-methylnaphthyi-4,5-dichloroimidazolium bromide.

4,5-Dichloroimidazole (1.23g, 9mmol) will be dissolved into acetonitrile. Potassium
hydroxide (0.61g, 9.9mmol) will be added and the mixture will be allowed to stir for
0.5h. 1-bromodecane (9mmol) will be added and the solution will be allowed to reflux
overnight. The solution will be filtered hot to remove a white precipitate (presumed to
be KBr) and 2-bromomethylnaphthalene (1.98g, 9mmol) will be added and the mixture
will be returned to reflux overnight. The mixture will be allowed to cool to room

temperature, resulting in a yellow/white precipitate.
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[124] Synthesis of 1-undecyl-3-methylnaphthyl-4,5-dichloroimidazolium
bromide. 4,5-Dichloroimidazole (1.23g, 9mmol) will be dissolved into acetonitrile.
Potassium hydroxide (0.61g, 9.9mmol) will be added and the mixture will be allowed to
stir for 0.5h. 1-bromoundecane (9mmol) will be added and the solution will be allowed
to reflux overnight. The solution will be filtered hot to remove a white precipitate
(presumed to be KBr) and 2-bromomethylnaphthalene (1.98g, 9mmol) will be added
and the mixture will be returned to reflux overnight. The mixture will be allowed to cool
to room temperature, resulting in a yellow/white precipitate.

[125]
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[126] Synthesis of 1-undecyl-3-methylnaphthyl-4,5-dichloroimidazolium
bromide. 4,5-Dichloroimidazole (1.23g, 9mmol) will be dissolved into acetonitrile.
Potassium hydroxide (0.61g, 9.9mmol) will be added and the mixture will be allowed to

stir for 0.5h. 1-bromododecane (9mmol) will be added and the solution will be allowed
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to reflux overnight. The solution will be filtered hot to remove a white precipitate
(presumed to be KBr) and 2-bromomethylnaphthalene (1.98g, 9mmol) will be added
and the mixture will be returned to reflux overnight. The mixture will be allowed to cool

to room temperature, resulting in a yellow/white precipitate.

[127]
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[128] Synthesis of 1-(2-ethylnaphthyl)-4,5-dichloroimidazole. 4,5-
Dichloroimidazole (1mmol) will be dissolved into 1mL of acetonitrile. Potassium
hydroxide (0.061g, 1.1mmol) will be added and the mixture will be allowed to stir for
0.5h. 2-bromoethylnaphthalene (1mmol) will be added and the solution will be allowed
to reflux overnight. The solution will be filtered hot to remove a white precipitate
(presumed to be KBr) and the solution will be allowed to cool to room temperature. The
volatiles will be removed en vacuo resulting in the product.

[129]

OQ r}'}z\zj O‘

Cl Cl
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[130] Synthesis of 1,3-bis(2-ethyl-2-naphthyl)-4,5-dichloroimidazolium bromide.
4,5-Dichloroimidazole (9mmol) will be dissolved into acetonitrile. Potassium hydroxide
(0.61g, 9.9mmol) will be added and the mixture will be allowed to stir for 0.5h. 2-
bromoethylnaphthalene (9mmol) will be added and the solution will be allowed to reflux
overnight. The solution will be filtered hot to remove a white precipitate (presumed to
be KBr), the solution will be concentrated down to 20mL and will be transferred to a
pressure tube. A second equivalent of 2-bromoethylnaphthalene (9mmol) will be
added; the pressure tube will be sealed, and will be heated overnight. The solution will
be allowed to cool to room temperature. The volatiles will be removed en vacuo
resulting in the product.

[131]
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[132] Synthesis of 1-ethyl-3-(2-ethyl-1-naphthyl)-4,5-dichloroimidazolium
bromide. 4,5-Dichloroimidazole (1.23g, 9mmol) will be dissolved into acetonitrile.
Potassium hydroxide (0.61g, 9.9mmol) will be added and the mixture will be allowed to
stir for 0.5h. 1-bromoethane (9mmol) will be added and the solution will be allowed to
reflux overnight. The solution will be filtered hot to remove a white precipitate
(presumed to be KBr) and 1-(2-bromoethyl)naphthalene (9mmol) will be added and the
mixture will be returned to reflux overnight. The mixture will be allowed to cool to room
temperature, and the volatiles will be removed en vacuo resulting in the product.

[133]
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[134] Synthesis of 1-propyl-3-(2-ethyl-1-naphthyl)-4,5-dichloroimidazolium
bromide. 4,5-Dichloroimidazole (1.23g, 9mmol) will be dissolved into acetonitrile.
Potassium hydroxide (0.61g, 9.9mmol) will be added and the mixture will be allowed to
stir for 0.5h. 1-bromopropane (9mmol) will be added and the solution will be allowed to
reflux overnight. The solution will be filtered hot to remove a white precipitate
(presumed to be KBr) and 1-(2-bromoethyl)naphthalene (9mmol) will be added and the

mixture will be returned to reflux overnight. The mixture will be allowed to cool to room
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temperature, and the volatiles will be removed en vacuo resulting in the product.
[135]
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[136] Synthesis of 1-butyl-3-(2-ethyl-1-naphthyl)-4,5-dichloroimidazolium
bromide. 4,5-Dichloroimidazole (1.23g, 9mmol) will be dissolved into acetonitrile.

Potassium hydroxide (0.61g, 9.9mmol) will be added and the mixture will be allowed to
stir for 0.5h. 1-bromobutane (9mmol) will be added and the solution will be allowed to
reflux overnight. The solution will be filtered hot to remove a white precipitate
(presumed to be KBr) and 1-(2-bromoethyl)naphthalene (9mmol) will be added and the
mixture will be returned to reflux overnight. The mixture will be allowed to cool to room
temperature, and the volatiles will be removed en vacuo resulting in the product.

[137]

Br
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[138] Synthesis of 1-pentyl-3-(2-ethyl-1-naphthyl)-4,5-dichloroimidazolium
bromide. 4,5-Dichloroimidazole (1.23g, 9mmol) will be dissolved into acetonitrile.
Potassium hydroxide (0.61g, 9.9mmol) will be added and the mixture will be allowed to
stir for 0.5h. 1-bromethane (9mmol) will be added and the solution will be allowed to
reflux overnight. The solution will be filtered hot to remove a white precipitate
(presumed to be KBr) and 1-(2-bromoethyl)naphthalene (9mmol) will be added and the
mixture will be returned to reflux overnight. The mixture will be allowed to cool to room
temperature, and the volatiles will be removed en vacuo resulting in the product.

[139]
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[140] Synthesis of 1-hexyl-3-(2-ethyl-1-naphthyl)-4,5-dichloroimidazolium
bromide. 4,5-Dichloroimidazole (1.23g, 9mmol) will be dissolved into acetonitrile.
Potassium hydroxide (0.61g, 9.9mmol) will be added and the mixture will be allowed to
stir for 0.5h. 1-bromethane (9mmol) will be added and the solution will be allowed to
reflux overnight. The solution will be filtered hot to remove a white precipitate
(presumed to be KBr) and 1-(2-bromoethyl)naphthalene (9mmol) will be added and the
mixture will be returned to reflux overnight. The mixture will be allowed to cool to room

temperature, and the volatiles will be removed en vacuo resulting in the product.
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[142] Synthesis of 1-heptyl-3-(2-ethyl-1-naphthyl)-4,5-dichloroimidazolium
bromide. 4,5-Dichloroimidazole (1.23g, 9mmol) will be dissolved into acetonitrile.
Potassium hydroxide (0.61g, 9.9mmol) will be added and the mixture will be allowed to
stir for 0.5h. 1-bromethane (9mmol) will be added and the solution will be allowed to
reflux overnight. The solution will be filtered hot to remove a white precipitate
(presumed to be KBr) and 1-(2-bromoethyl)naphthalene (9mmol) will be added and the
mixture will be returned to reflux overnight. The mixture will be allowed to cool to room

temperature, and the volatiles will be removed en vacuo resulting in the product.
[143]
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[144] Synthesis of 1-octyl-3-(2-ethyl-1-naphthyl)-4,5-dichloroimidazolium
bromide. 4,5-Dichloroimidazole (1.23g, 9mmol) will be dissolved into acetonitrile.
Potassium hydroxide (0.61g, 9.9mmol) will be added and the mixture will be allowed to
stir for 0.5h. 1-bromethane (9mmol) will be added and the solution will be allowed to
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reflux overnight. The solution will be filtered hot to remove a white precipitate
(presumed to be KBr) and 1-(2-bromoethyl)naphthalene (9mmol) will be added and the
mixture will be returned to reflux overnight. The mixture will be allowed to cool to room
temperature, and the volatiles will be removed en vacuo resulting in the product.

[145]
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[146] Synthesis of 1-nonyl-3-(2-ethyl-1-naphthyl)-4,5-dichloroimidazolium
bromide. 4,5-Dichloroimidazole (1.23g, 9mmol) will be dissolved into acetonitrile.
Potassium hydroxide (0.61g, 9.9mmol) will be added and the mixture will be allowed to
stir for 0.5h. 1-bromethane (9mmol) will be added and the solution will be allowed to
reflux overnight. The solution will be filtered hot to remove a white precipitate
(presumed to be KBr) and 1-(2-bromoethyl)naphthalene (9mmol) will be added and the
mixture will be returned to reflux overnight. The mixture will be allowed to cool to room
temperature, and the volatiles will be removed en vacuo resulting in the product.

[147]
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[148] Synthesis of 1-decyl-3-(2-ethyl-1-naphthyl)-4,5-dichloroimidazolium

bromide. 4,5-Dichloroimidazole (1.23g, 9mmol) will be dissolved into acetonitrile.
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Potassium hydroxide (0.61g, 9.9mmol) will be added and the mixture will be allowed to
stir for 0.5h. 1-bromethane (9mmol) will be added and the solution will be allowed to
reflux overnight. The solution will be filtered hot to remove a white precipitate
(presumed to be KBr) and 1-(2-bromoethyl)naphthalene (9mmol) will be added and the
mixture will be returned to reflux overnight. The mixture will be allowed to cool to room

temperature, and the volatiles will be removed en vacuo resulting in the product.

[149]
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[150] Synthesis of 1-undecyl-3-(2-ethyl-1-naphthyl)-4,5-dichloroimidazolium
bromide. 4,5-Dichloroimidazole (1.23g, 9mmol) will be dissolved into acetonitrile.

Potassium hydroxide (0.61g, 9.9mmol) will be added and the mixture will be allowed to
stir for 0.5h. 1-bromethane (9mmol) will be added and the solution will be allowed to
reflux overnight. The solution will be filtered hot to remove a white precipitate
(presumed to be KBr) and 1-(2-bromoethyl)naphthalene (9mmol) will be added and the
mixture will be returned to reflux overnight. The mixture will be allowed to cool to room

temperature, and the volatiles will be removed en vacuo resulting in the product.
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[1562] Synthesis of 1-dodecyl-3-(2-ethyl-1-naphthyl)-4,5-dichloroimidazolium
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bromide. 4,5-Dichloroimidazole (1.23g, 9mmol) will be dissolved into acetonitrile.
Potassium hydroxide (0.61g, 9.9mmol) will be added and the mixture will be allowed to
stir for 0.5h. 1-bromethane (9mmol) will be added and the solution will be allowed to
reflux overnight. The solution will be filtered hot to remove a white precipitate
(presumed to be KBr) and 1-(2-bromoethyl)naphthalene (9mmol) will be added and the
mixture will be returned to reflux overnight. The mixture will be allowed to cool to room

temperature, and the volatiles will be removed en vacuo resulting in the product.

[153]
Br B O
/\N’/:\\N
N
Br
HN&N B » Né\N/\ O /\N/\

H_— CHACN, KOH, >_<_ CHZCN, 80°C

cl Ci 80°C Cl Ct

[154] Synthesis of 1-ethyl-3-(2-ethyl-2-naphthyl)-4,5-dichloroimidazolium
bromide. 4,5-Dichloroimidazole (1.23g, 9mmol) will be dissolved into acetonitrile.
Plotassium hydroxide (0.61g, 9.9mmol) will be added and the mixture will be allowed to
stir for 0.6h. 1-bromoethane (9mmol) will be added and the solution will be allowed to
reflux overnight. The solution will be filtered hot to remove a white precipitate
(presumed to be KBr) and 2-(2-bromoethyl)naphthalene (9mmol) will be added and the
mixture will be returned to reflux overnight. The mixture will be allowed to cool to room

temperature, and the volatiles will be removed en vacuo resulting in the product.

[155]
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[166] Synthesis of 1-propyl-3-(2-ethyl-2-naphthyl)-4,5-dichloroimidazolium
bromide. 4,5-Dichloroimidazole (1.23g, 9mmol) will be dissolved into acetonitrile.
Potassium hydroxide (0.61g, 9.9mmol) will be added and the mixture will be allowed to
stir for 0.5h. 1-bromopropane (9mmol) will be added and the solution will be allowed to
reflux overnight. The solution will be filtered hot to remove a white precipitate
(presumed to be KBr) and 2-(2-bromoethyl)naphthalene (9mmol) will be added and the
mixture will be returned to reflux overnight. The mixture will be allowed to cool to room

temperature, and the volatiles will be removed en vacuo resulting in the product.

[157]
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Synthesis of 1-butyl-3-(2-ethyl-2-naphthyl)-4,5-dichloroimidazolium

bromide. 4,5-Dichloroimidazole (1.23g, 9mmol) will be dissolved into acetonitrile.
Potassium hydroxide (0.61g, 9.9mmol) will be added and the mixture will be allowed to
stir for 0.5h. 1-bromobutane (9mmol) will be added and the solution will be allowed to
reflux overnight. The solution will be filtered hot to remove a white precipitate
(presumed to be KBr) and 2-(2-bromoethyl)naphthalene (9mmol) will be added and the
mixture will be returned to reflux overnight. The mixture will be allowed to cool to room
temperature, and the volatiles will be removed en vacuo resulting in the product.

[159]
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[160] Synthesis of 1-pentyl-3-(2-ethyl-2-naphthyl)-4,5-dichloroimidazolium
bromide. 4,5-Dichloroimidazole (1.23g, 9mmol) will be dissolved into acetonitrile.
Potassium hydroxide (0.61g, 9.9mmol) will be added and the mixture will be allowed to
stir for 0.5h. 1-bromethane (9mmol) will be added and the solution will be allowed to
reflux overnight. The solution will be filtered hot to remove a white precipitate
(presumed to be KBr) and 2-(2-bromoethyl)naphthalene (9mmol) will be added and the
mixture will be returned to reflux overnight. The mixture will be allowed to cool to room
temperature, and the volatiles will be removed en vacuo resulting in the product.

[161]

3

e —r T D
1 = 1 1 — 1 Crisch, 807G =7] - =]

ccccccccc

[162] Synthesis of 1-hexyl-3-(2-ethyl-2-naphthyl)-4,5-dichloroimidazolium
bromide. 4,5-Dichloroimidazole (1.23g, 9mmol) will be dissolved into acetonitrile.
Potassium hydroxide (0.61g, 9.9mmol) will be added and the mixture will be allowed to
stir for 0.5h. 1-bromethane (9mmol) will be added and the solution will be allowed to
reflux overnight. The solution will be filtered hot to remove a white precipitate
(presumed to be KBr) and 2-(2-bromoethyl)naphthalene (9mmol) will be added and the
mixture will be returned to reflux overnight. The mixture will be allowed to cool to room

temperature, and the volatiles will be removed en vacuo resulting in the product.

[163]
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[164] Synthesis of 1-heptyl-3-(2-ethyl-2-naphthyl)-4,5-dichloroimidazolium
bromide. 4,5-Dichloroimidazole (1.23g, 9mmol) will be dissolved into acetonitrile.
Potassium hydroxide (0.61g, 9.9mmol) will be added and the mixture will be allowed to
stir for 0.5h. 1-bromethane (9mmol) will be added and the solution will be allowed to
reflux overnight. The solution will be filtered hot to remove a white precipitate
(presumed to be KBr) and 2-(2-bromoethyl)naphthalene (9mmol) will be added and the
mixture will be returned to reflux overnight. The mixture will be allowed to cool to room
temperature, and the volatiles will be removed en vacuo resulting in the product.

[165]
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[166] Synthesis of 1-octyl-3-(2-ethyl-2-naphthyl)-4,5-dichloroimidazolium
bromide. 4,5-Dichloroimidazole (1.23g, 9mmol) will be dissolved into acetonitrile.
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Potassium hydroxide (0.61g, 9.9mmol) will be added and the mixture will be allowed to
stir for 0.5h. 1-bromethane (9mmol) will be added and the solution will be allowed to
reflux overnight. The solution will be filtered hot to remove a white precipitate
(presumed to be KBr) and 2-(2-bromoethyl)naphthalene (9mmol) will be added and the
mixture will be returned to reflux overnight. The mixture will be allowed to cool to room

temperature, and the volatiles will be removed en vacuo resulting in the product.
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[168] Synthesis of 1-nonyl-3-(2-ethyl-2-naphthyl)-4,5-dichloroimidazolium
bromide. 4,5-Dichloroimidazole (1.23g, 9mmol) will be dissolved into acetonitrile.
Potassium hydroxide (0.61g, 9.9mmol) will be added and the mixture will be allowed to
stir for 0.5h. 1-bromethane (9mmol) will be added and the solution will be allowed to
reflux overnight. The solution will be filtered hot to remove a white precipitate
(presumed to be KBr) and 2-(2-bromoethyl)naphthalene (9mmol) will be added and the
mixture will be returned to reflux overnight. The mixture will be allowed to cool to room

temperature, and the volatiles will be removed en vacuo resulting in the product.
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[170] Synthesis of 1-decyl-3-(2-ethyl-2-naphthyl)-4,5-dichloroimidazolium
bromide. 4,5-Dichloroimidazole (1.23g, 9mmol) will be dissolved into acetonitrile.
Potassium hydroxide (0.61g, 9.9mmol) will be added and the mixture will be allowed to
stir for 0.5h. 1-bromethane (9mmol) will be added and the solution will be allowed to
reflux overnight. The solution will be filtered hot to remove a white precipitate
(presumed to be KBr) and 2-(2-bromoethyl)naphthalene (9mmol) will be added and the
mixture will be returned to reflux overnight. The mixture will be allowed to cool to room

temperature, and the volatiles will be removed en vacuo resulting in the product.
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[172] Synthesis of 1-undecyl-3-(2-ethyl-2-naphthyl)-4,5-dichloroimidazolium
bromide. 4,5-Dichloroimidazole (1.23g, 9mmol) will be dissolved into acetonitrile.

Potassium hydroxide (0.61g, 9.9mmol) will be added and the mixture will be allowed to
stir for 0.5h. 1-bromethane (9mmol) will be added and the solution will be allowed to
reflux overnight. The solution will be filtered hot to remove a white precipitate
(presumed to be KBr) and 2-(2-bromoethyl)naphthalene (9mmol) will be added and the
mixture will be returned to reflux overnight. The mixture will be allowed to cool to room

temperature, and the volatiles will be removed en vacuo resulting in the product.
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[174] Synthesis of 1-dodecyl-3-(2-ethyl-2-naphthyl)-4,5-dichloroimidazolium
bromide. 4,5-Dichloroimidazole (1.23g, 9mmol) will be dissolved into acetonitrile.
Potassium hydroxide (0.61g, 9.9mmol) will be added and the mixture will be allowed to
stir for 0.5h. 1-bromethane (9mmol) will be added and the solution will be allowed to
reflux overnight. The solution will be filtered hot to remove a white precipitate
(presumed to be KBr) and 2-(2-bromoethyl)naphthalene (9mmol) will be added and the
mixture will be returned to reflux overnight. The mixture will be allowed to cool to room
temperature, and the volatiles will be removed en vacuo resulting in the product.
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[176] Synthesis of 1-ethyl-3-methylquinoline-4,5-dichloroimidazolium chloride.

4,5-Dichloroimidazole (1.23g, 9mmol) will be dissolved into acetonitrile. Potassium
hydroxide (0.61g, 9.9mmol) will be added and the mixture will be allowed to stir for
0.5h. 1-bromoethane (9mmol) will be added and the solution will be allowed to reflux
overnight. The solution will be filtered hot to remove a white precipitate (presumed to
be KBr). 2-chloromethylquinoline hydrochloride (9mmol) will be dissolved into
acetonitrile along with an equivalent of base. This mixture will be added to the previous
mixture and will be returned to reflux overnight. The mixture will be allowed to cool to

room temperature, resulting in a yellow/white precipitate.
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[178] Synthesis of 1-propyl-3-methylquinoline-4,5-dichloroimidazolium bromide.
4,5-Dichloroimidazole (1.23g, 9mmol) will be dissolved into acetonitrile. Potassium
hydroxide (0.61g, 9.9mmol) will be added and the mixture will be allowed to stir for
0.5h. 1-bromopropane (9mmol) will be added and the solution will be allowed to reflux
overnight. The solution will be filtered hot to remove a white precipitate (presumed to
be KBr). 2-chloromethylquinoline hydrochloride (9mmol) will be dissolved into
acetonitrile along with an equivalent of base. This mixture will be added to the previous
mixture will be returned to reflux overnight. The mixture will be allowed to cool to room

temperature, resulting in a yellow/white precipitate.
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[180] Synthesis of 2-propyl-3-methylquinoline-4,5-dichloroimidazolium bromide.

4,5-Dichloroimidazole (1.23g, 9mmol) will be dissolved into acetonitrile. Potassium
hydroxide (0.61g, 9.9mmol) will be added and the mixture will be allowed to stir for
0.5h. 2-iodopropane (9mmol) will be added and the solution will be allowed to reflux
overnight. The solution will be filtered hot to remove a white precipitate (presumed to
be KBr). 2-chloromethylquinoline hydrochloride (9mmol) will be dissolved into
acetonitrile along with an equivalent of base. This mixture will be added to the previous
mixture and will be returned to reflux overnight. The mixture will be allowed to cool to

room temperature, resulting in a yellow/white precipitate.
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[182] Synthesis of 1-butyl-3-methylquinoline-4,5-dichloroimidazolium bromide.
4.5-Dichloroimidazole (1.23g, 9mmol) will be dissolved into acetonitrile. Potassium
hydroxide (0.61g, 9.9mmol) will be added and the mixture will be allowed to stir for
0.5h. 1-iodobutane (9mmol) will be added and the solution will be allowed to reflux
overnight. The solution will be filtered hot to remove a white precipitate (presumed to
be KBr). 2-chloromethylquinoline hydrochloride (9mmol) will be dissolved into
acetonitrile along with an equivalent of base. This mixture will be added to the previous
mixture and will be returned to reflux overnight. The mixture will be allowed to cool to

room temperature, resulting in a yellow/white precipitate.
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[184] Synthesis of 1-pentyl-3-methylquinoline-4,5-dichloroimidazolium bromide.

4,5-Dichloroimidazole (1.23g, 9mmol) will be dissolved into acetonitrile. Potassium
hydroxide (0.61g, 9.9mmol) will be added and the mixture will be allowed to stir for
0.5h. 1-bromopentane (9mmol) will be added and the solution will be allowed to reflux
overnight. The solution will be filtered hot to remove a white precipitate (presumed to
be KBr). 2-chloromethylquinoline hydrochloride (9mmol) will be dissolved into
acetonitrile along with an equivalent of base. This mixture will be added to the previous
mixture and will be returned to reflux overnight. The mixture will be allowed to cool to

room temperature, resulting in a yellow/white precipitate.

[185]

70



WO 2012/149523 PCT/US2012/035773

cl
.
N’/A\‘N N
>_< / AN
ci Cl =

o m
NN
Ny & N AN N/\/\/\ /\/\/\
\={ —_— \— (
CH3CN, KOH, CH;CN, 80°C

Cl Cl 80°C

[186] Synthesis of 1-hexyl-3-methylquinoline-4,5-dichloroimidazolium bromide.
4,5-Dichloroimidazole (1.23g, 9mmol) will be dissolved into acetonitrile. Potassium
hydroxide (0.61g, 9.9mmol) will be added and the mixture will be allowed to stir for
0.5h. 1-bromohexane (9mmol) will be added and the solution will be allowed to reflux
overnight. The solution will be filtered hot to remove a white precipitate (presumed to
be KBr). 2-chloromethylquinoline hydrochloride (9mmol) will be dissolved into
acetonitrile along with an equivalent of base. This mixture will be added to the previous
mixture and will be returned to reflux overnight. The mixture will be allowed to cool to

room temperature, resulting in a yellow/white precipitate.
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[188] Synthesis of 1-heptyl-3-methylquinoline-4,5-dichloroimidazolium bromide.
4 5-Dichloroimidazole (1.23g, 9mmol) will be dissolved into acetonitrile. Potassium
hydroxide (0.61g, 9.9mmol) will be added and the mixture will be allowed to stir for
0.5h. 1-bromoheptane (9mmol) will be added and the solution will be allowed to reflux
overnight. The solution will be filtered hot to remove a white precipitate (presumed to
be KBr). 2-chloromethylquinoline hydrochloride (9mmol) wili be dissolved into
acetonitrile along with an equivalent of base. This mixture will be added to the previous
mixture and will be returned to reflux overnight. The mixture will be allowed to cool to

room temperature, resulting in a yellow/white precipitate.

[189]
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[190] Synthesis of 1-octyl-3-methylquinoline-4,5-dichloroimidazolium bromide.
4,5-Dichloroimidazole (1.23g, 9mmol) will be dissolved into acetonitrile. Potassium
hydroxide (0.61g, 9.9mmol) will be added and the mixture will be allowed to stir for
0.5h. 1-bromooctane (9mmol) will be added and the solution will be allowed to reflux
overnight. The solution will be filtered hot to remove a white precipitate (presumed to
be KBr). 2-chloromethylquinoline hydrochloride (9mmol) will be dissolved into
acetonitrile along with an equivalent of base. This mixture will be added to the previous
mixture and will be returned to reflux overnight. The mixture will be allowed to cool to

room temperature, resulting in a yellow/white precipitate.
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[192] Synthesis of 1-nonyl-3-methylquinoline-4,5-dichloroimidazolium bromide.

4,5-Dichloroimidazole (1.23g, 9mmol) will be dissolved into acetonitrile. Potassium
hydroxide (0.61g, 9.9mmol) will be added and the mixture will be allowed to stir for
0.5h. 1-bromononane (9mmol) will be added and the solution will be allowed to reflux
overnight. The solution will be filtered hot to remove a white precipitate (presumed to
be KBr). 2-chloromethylquinoline hydrochloride (9mmol) will be dissolved into
acetonitrile along with an equivalent of base. This mixture will be added to the previous
mixture and will be returned to reflux overnight. The mixture will be allowed to cool to

room temperature, resulting in a yellow/white precipitate.

[193]
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[194] Synthesis of 1-decyl-3-methylquinoline-4,5-dichloroimidazolium bromide.

4,5-Dichloroimidazole (1.23g, 9mmol) will be dissolved into acetonitrile. Potassium
hydroxide (0.61g, 9.9mmol) will be added and the mixture will be allowed to stir for
0.5h. 1-bromodecane (9mmol) will be added and the solution will be allowed to reflux
overnight. The solution will be filtered hot to remove a white precipitate (presumed to
be KBr). 2-chloromethylquinoline hydrochloride (9mmol) will be dissolved into
acetonitrile along with an equivalent of base. This mixture will be added to the previous
mixture and will be returned to reflux overnight. The mixture will be allowed to cool to

room temperature, resulting in a yellow/white precipitate.
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[196] Synthesis of 1-undecyl-3-methylquinoline-4,5-dichloroimidazolium

bromide. 4,5-Dichloroimidazole (1.23g, 9mmol) will be dissolved into acetonitrile.
Potassium hydroxide (0.61g, 9.9mmol) will be added and the mixture will be allowed to
stir for 0.5h. 1-bromoundecane (9mmol) will be added and the solution will be allowed
to reflux overnight. The solution will be filtered hot to remove a white precipitate
(presumed to be KBr). 2-chloromethylquinoline hydrochloride (9mmol) will be dissolved
into acetonitrile along with an equivalent of base. This mixture will be added to the
previous mixture and will be returned to reflux overnight. The mixture will be allowed to

cool to room temperature, resulting in a yellow/white precipitate.

[197]

73



WO 2012/149523 PCT/US2012/035773

cl
.
N%\‘N N
>_( / AN
cl cl =
e}
r g N
— = p—
H CHZCN, KOH, 80°C H cchN 80°C
Cl [} Cl e}

[198] Synthesis of 1-dodecyl-3-methylquinoline-4,5-dichloroimidazolium
bromide. 4,5-Dichloroimidazole (1.23g, 9mmol) will be dissolved into acetonitrile.

Potassium hydroxide (0.61g, 9.9mmol) will be added and the mixture will be allowed to
stir for 0.5h. 1-bromododecane (9mmol) will be added and the solution will be allowed
to reflux overnight. The solution will be filtered hot to remove a white precipitate
(presumed to be KBr). 2-chloromethylquinoline hydrochloride (9mmol) will be dissolved
into acetonitrile along with an equivalent of base. This mixture will be added to the
previous mixture and will be returned to reflux overnight. The mixture will be allowed to
cool to room temperature, resulting in a yellow/white precipitate.
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[200] Synthesis of 1,3-bis(2-methyinaphthal)naphtho[2,3-d]-4,9-dione-
imidazolium bromide. 1H-naphtho[2,3-d]imidazole-4,9-dione (9mmol) will be
dissolved into DMF. Potassium carbonate (9.9mmol) will be added and the mixture will
be allowed to stir for 0.5h and 2-bromomethylnaphthalene (9mmol) will be added and
the mixture will be returned to reflux overnight. The solution will be filtered hot to
remove a white precipitate (presumed to be KBr) and 2-bromomethylnaphthalene
(9mmol) will be added and the mixture will be returned to reflux overnight. The mixture
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will be allowed to cool to room temperature, and the volatiles will be removed en vacuo

resulting in the product.
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[202] Synthesis of 1,3-bis(2-ethylnaphthal)naphtho[2,3-d]-4,9-dione-imidazolium
bromide. 1H-naphtho[2,3-d]imidazole-4,9-dione (9mmol) will be dissolved into DMF.
Potassium carbonate (9.9mmol) will be added and the mixture will be allowed to stir for
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0o A ; o

KOH, 80 °C

0.5h and 2-bromoethylnaphthalene (9mmol) will be added and the mixture will be
returned to reflux overnight. The solution will be filtered hot to remove a white
precipitate (presumed to be KBr) and 2-bromoethyinaphthalene (9mmol) will be added
and the mixture will be returned to reflux overnight. The mixture will be allowed to cool
to room temperature, and the volatiles will be removed en vacuo resulting in the

product.

[203]
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[204] Synthesis of 1,3-bis(2-ethyl-1-naphthal)naphtho[2,3-d]-4,9-dione-

imidazolium bromide. 1H-naphtho[2,3-d]imidazole-4,9-dione (9mmol) will be

dissolved into DMF. Potassium carbonate (9.9mmol) will be added and the mixture will
be allowed to stir for 0.5h and 1-(2-bromoethyl)naphthalene (9mmol) will be added and
the mixture will be returned to reflux overnight. The solution will be filtered hot to
remove a white precipitate (presumed to be KBr) and 1-(2-bromoethyl)naphthalene
(9mmol) will be added and the mixture will be returned to reflux overnight. The mixture
will be allowed to cool to room temperature, and the volatiles will be removed en vacuo

resulting in the product.
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[206] Synthesis of .1-ethyl-3-(2-ethyl-1-naphthaI)naphtho[2,3-d]-4,9-dione-
imidazolium bromide. 1H-naphtho[2,3-d]imidazole-4,9-dione (9mmol) will be

dissolved into DMF. Potassium carbonate (9.9mmol) will be added and the mixture will
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be allowed to stir for 0.5h and 1-bromoethane (9mmol) will be added and the mixture
will be returned to reflux overnight. The solution will be filtered hot to remove a white
precipitate (presumed to be KBr) and 1-(2-bromoethyl)naphthalene (9mmol) will be
added and the mixture will be returned to reflux overnight. The mixture will be allowed

to cool to room temperature, and the volatiles will be removed en vacuo resulting in the

product.

[207]
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[208] Synthesis of  1-propyl-3-(2-ethyl-1-naphthal)naphtho[2,3-d]-4,9-dione-
imidazolium bromide. 1H-naphtho[2,3-d]imidazole-4,9-dione (9mmol) will be
dissolved into DMF. Potassium carbonate (9.9mmol) will be added and the mixture will
be allowed to stir for 0.5h and 1-bromopropane (9mmol) will be added and the mixture
will be returned to reflux overnight. The solution will be filtered hot to remove a white
precipitate (presumed to be KBr) and 1-(2-bromoethyl)naphthalene (9mmol) will be
added and the mixture will be returned to reflux overnight. The mixture will be allowed

to cool to room temperature, and the volatiles will be removed en vacuo resulting in the

product.

[209]
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[210] Synthesis of 1-butyl-3-(2-ethyl-1-naphthal)naphtho[2,3-d]-4,9-dione-
imidazolium bromide. 1H-naphtho[2,3-d]imidazole-4,9-dione (9mmol) will be
dissolved into DMF. Potassium carbonate (9.9mmol) will be added and the mixture will
be allowed to stir for 0.5h and 1-bromobutane (9mmol) will be added and the mixture
will be returned to reflux overnight. The solution will be filtered hot to remove a white
precipitate (presumed to be KBr) and 1-(2-bromoethyl)naphthalene (9mmol) will be
added and the mixture will be returned to reflux overnight. The mixture will be allowed

to cool to room temperature, and the volatiles will be removed en vacuo resulting in the

product.

[211]
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[212] Synthesis of 1-pentyl-3-(2-ethyl-1-naphthal)naphtho[2,3-d]-4,9-dione-
imidazolium bromide. 1H-naphtho[2,3-d]imidazole-4,9-dione (9mmol) will be
dissolved into DMF. Potassium carbonate (9.9mmol) will be added and the mixture will

be allowed to stir for 0.56h and 1-bromopentane (9mmol) will be added and the mixture
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will be returned to reflux overnight. The solution will be filtered hot to remove a white
precipitate (presumed to be KBr) and 1-(2-bromoethyl)naphthalene (9mmol) will be
added and the mixture will be returned to reflux overnight. The mixture will be allowed

to cool to room temperature, and the volatiles will be removed en vacuo resulting in the

product.

[213]

Br
2 9 f//// ‘ i f////
NN ; L Lo
[y —— LY > L
N DMF, KOH, N DMF, 80 °C N
5 H 80°C 0 o \\‘

[214] Synthesis of 1-hexyl-3-(2-ethyl-1-naphthal)naphtho[2,3-d]-4,9-dione-
imidazolium bromide. 1H-naphtho[2,3-d]imidazole-4,9-dione (9mmol) will be
dissolved into DMF. Potassium carbonate (9.9mmol) will be added and the mixture will
be allowed to stir for 0.5h and 1-bromohexane (9mmol) will be added and the mixture
will be returned to reflux overnight. The solution will be filtered hot to remove a white
precipitate (presumed to be KBr) and 1-(2-bromoethyl)naphthalene (9mmol) will be
added and the mixture will be returned to reflux overnight. The mixture will be allowed

to cool to room temperature, and the volatiles will be removed en vacuo resulting in the

product.
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[215]
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[216] Synthesis of  1-heptyl-3-(2-ethyl-1-naphthal)naphtho[2,3-d]-4,9-dione-
imidazolium bromide. 1H-naphtho[2,3-d]imidazole-4,9-dione (9mmol) will be

N\

dissolved into DMF. Potassium carbonate (9.9mmol) will be added and the mixture will
be allowed to stir for 0.5h and 1-bromoheptane (9mmol) will be added and the mixture
will be returned to reflux overnight. The solution will be filtered hot to remove a white
precipitate (presumed to be KBr) and 1-(2-bromoethyl)naphthalene (9mmol) will be
added and the mixture will be returned to reflux overnight. The mixture will be allowed
to cool to room temperature, and the volatiles will be removed en vacuo resulting in the

product.
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[218] Synthesis of 1-octyl-3-(2-ethyl-1-naphthal)naphtho[2,3-d]-4,9-dione-
imidazolium bromide. 1H-naphtho[2,3-d]imidazole-4,9-dione (9mmol) will be
dissolved into DMF. Potassium carbonate (9.9mmol) will be added and the mixture will
be allowed to stir for 0.5h and 1-bromooctane (9mmol) will be added and the mixture
will be returned to reflux overnight. The solution will be filtered hot to remove a white
precipitate (presumed to be KBr) and 1-(2-bromoethyl)naphthalene (9mmol) will be
added and the mixture will be returned to reflux overnight. The mixture will be allowed
to cool to room temperature, and the volatiles will be removed en vacuo resulting in the

product.
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[220] Synthesis of 1-nonyl-3-(2-ethyl-1-naphthal)naphtho[2,3-d]-4,9-dione-
imidazolium bromide. 1H-naphtho[2,3-d]imidazole-4,9-dione (9mmol) will be
dissolved into DMF. Potassium carbonate (9.9mmol) will be added and the mixture will
be allowed to stir for 0.5h and 1-bromononane (9mmol) will be added and the mixture

will be returned to reflux overnight. The solution will be filtered hot to remove a white

precipitate (presumed to be KBr) and 1-(2-bromoethyl)naphthalene (9mmol) will be
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added and the mixture will be returned to reflux overnight. The mixture will be allowed
to cool to room temperature, and the volatiles will be removed en vacuo resulting in the

product.

[221]
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[222] Synthesis of 1-decyl-3-(2-ethyl-1-naphthal)naphtho[2,3-d]-4,9-dione-
imidazolium bromide. 1H-naphtho[2,3-d]imidazole-4,9-dione (9mmol) will be
dissolved into DMF. Potassium carbonate (9.9mmol) will be added and the mixture will
be allowed to stir for 0.5h and 1-bromodecane (9mmol) will be added and the mixture
will be returned to reflux overnight. The solution will be filtered hot to remove a white
precipitate (presumed to be KBr) and 1-(2-bromoethyl)naphthalene (9mmol) will be
added and the mixture will be returned to reflux overnight. The mixture will be allowed
to cool to room temperature, and the volatiles will be removed en vacuo resulting in the

product.

[223]
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[224] Synthesis of 1-undecyl-3-(2-ethyl-1-naphthal)naphtho[2,3-d]-4,9-dione-
imidazolium bromide. 1H-naphtho[2,3-d]imidazole-4,9-dione (9mmol) will be
dissolved into DMF. Potassium carbonate (9.9mmol) will be added and the mixture will
be allowed to stir for 0.5h and 1-bromoundecane (9mmol) will be added and the mixture
will be returned to reflux overnight. The solution will be filtered hot to remove a white
precipitate (presumed to be KBr) and 1-(2-bromoethyl)naphthalene (9mmol) will be
added and the mixture will be returned to reflux overnight. The mixture will be allowed

to cool to room temperature, and the volatiles will be removed en vacuo resulting in the

product.
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[226] Synthesis of 1-dodecyl-3-(2-ethyl-1-naphthal)naphtho[2,3-d]-4,9-dione-
imidazolium bromide. 1H-naphtho[2,3-d]imidazole-4,9-dione (9mmol) will be
dissolved into DMF. Potassium carbonate (9.9mmol) will be added and the mixture will
be allowed to stir for 0.5h and 1-bromododecane (9mmol) will be added and the mixture
will be returned to reflux overnight. The solution will be filtered hot to remove a white
precipitate (presumed to be KBr) and 1-(2-bromoethyl)naphthalene (9mmol) will be
added and the mixture will be returned to reflux overnight. The mixture will be allowed

to cool to room temperature, and the volatiles will be removed en vacuo resulting in the

product.
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[228] Synthesis of 1-ethyl-3-(2-ethyl-2-naphthal)naphtho[2,3-d]-4,9-dione-
imidazolium bromide. 1H-naphtho[2,3-d]imidazole-4,9-dione (9mmol) will be
dissolved into DMF. Potassium carbonate (9.9mmol) will be added and the mixture will
be allowed to stir for 0.5h and 1-bromoethane (9mmol) will be added and the mixture
will be returned to reflux overnight. The solution will be filtered hot to remove a white
precipitate (presumed to be KBr) and 2-(2-bromoethyl)naphthalene (9mmol) will be
added and the mixture will be returned to reflux overnight. The mixture will be allowed

to cool to room temperature, and the volatiles will be removed en vacuo resulting in the

product.
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[230] Synthesis of 1-propyl-3-(2-ethyl-2-naphthal)naphtho[2,3-d]-4,9-dione-imidazolium
bromide. 1H-naphtho[2,3-d]imidazole-4,9-dione (9mmol) will be dissolved into DMF.
Potassium carbonate (9.9mmol) will be added and the mixture will be allowed to stir for 0.5h
and 1-bromopropane (9mmol) will be added and the mixture will be returned to reflux overnight.
The solution will be filtered hot to remove a white precipitate (presumed to be KBr) and 2-(2-
bromoethyl)naphthalene (9mmol) will be added and the mixture will be returned to reflux

overnight. The mixture will be allowed to cool to room temperature, and the volatiles will be

removed en vacuo resulting in the product.

[231]

o
N Br/\/\
B
N DMF KOH, DMF, 80 °C
0

85



WO 2012/149523 PCT/US2012/035773

[232] Synthesis of 1-butyl-3-(2-ethyl-2-naphthal)naphtho[2,3-d]-4,9-dione-imidazolium
bromide. 1H-naphtho[2,3-d])imidazole-4,9-dione (9mmol) will be dissolved into DMF.
Potassium carbonate (9.9mmol) will be added and the mixture will be allowed to stir for 0.5h
and 1-bromobutane (9mmol) will be added and the mixture will be returned to reflux overnight.
The solution will be filtered hot to remove a white precipitate (presumed to be KBr) and 2-(2-
bromoethyl)naphthalene (9mmol) will be added and the mixture will be returned to reflux
overnight. The mixture will be aliowed to cool to room temperature, and the volatiles will be

removed en vacuo resuiting in the product.
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[234] Synthesis of 1-pentyl-3-(2-ethyl-2-naphthal)naphtho[2,3-d]-4,9-dione-
imidazolium bromide. 1H-naphtho[2,3-d]imidazole-4,9-dione (9mmol) will be
dissolved into DMF. Potassium carbonate (9.9mmol) will be added and the mixture will
be allowed to stir for 0.5h and 1-bromopentane (9mmol) will be added and the mixture
will be returned to reflux overnight. The solution will be filtered hot to remove a white
precipitate (presumed to be KBr) and 2-(2-bromoethyl)naphthalene (9mmol) will be
added and the mixture will be returned to reflux overnight. The mixture will be allowed
to cool to room temperature, and the volatiles will be removed en vacuo resulting in the

product.
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[236] Synthesis of 1-hexyl-3-(2-ethyl-2-naphthal)naphtho[2,3-d]-4,9-dione-
imidazolium bromide. 1H-naphtho[2,3-d]imidazole-4,9-dione (9mmol) will be
dissolved into DMF. Potassium carbonate (9.9mmol) will be added and the mixture will
be allowed to stir for 0.5h and 1-bromohexane (9mmol) will be added and the mixture
will be returned to reflux overnight. The solution will be filtered hot to remove a white
precipitate (presumed to be KBr) and 2-(2-bromoethyl)naphthalene (9mmol) will be
added and the mixture will be returned to reflux overnight. The mixture will be allowed

to cool to room temperature, and the volatiles will be removed en vacuo resulting in the

product.

[237]
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[238] Synthesis of  1-heptyl-3-(2-ethyl-2-naphthal)naphtho[2,3-d]-4,9-dione-
imidazolium bromide. 1H-naphtho[2,3-d]imidazole-4,9-dione (9mmol) will be
dissolved into DMF. Potassium carbonate (9.9mmol) will be added and the mixture will
be allowed to stir for 0.5h and 1-bromoheptane (9mmol) will be added and the mixture
will be returned to reflux overnight. The solution will be filtered hot to remove a white
precipitate (presumed to be KBr) and 2-(2-bromoethyl)naphthalene (9mmol) will be
added and the mixture will be returned to reflux overnight. The mixture will be allowed

to cool to room temperature, and the volatiles will be removed en vacuo resulting in the

product.
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[240] Synthesis of 1-octyl-3-(2-ethyl-2-naphthal)naphtho[2,3-d]-4,9-dione-
imidazolium bromide. 1H-naphtho[2,3-d]imidazole-4,9-dione (9mmol) will be

dissolved into DMF. Potassium carbonate (9.9mmol) will be added and the mixture will

be allowed to stir for 0.5h and 1-bromooctane (9mmol) will be added and the mixture
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will be returned to reflux overnight. The solution will be filtered hot to remove a white
precipitate (presumed to be KBr) and 2-(2-bromoethyl)naphthalene (9mmol) will be
added and the mixture will be returned to reflux overnight. The mixture will be allowed
to cool to room temperature, and the volatiles will be removed en vacuo resulting in the

product.
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[242] Synthesis of 1-nonyl-3-(2-ethyl-2-naphthal)naphtho[2,3-d]-4,9-dione-
imidazolium bromide. 1H-naphtho[2,3-d]imidazole-4,9-dione (9mmol) will be

dissolved into DMF. Potassium carbonate (9.9mmol) will be added and the mixture will
be allowed to stir for 0.5h and 1-bromononane (9mmol) will be added and the mixture
will be returned to reflux overnight. The solution will be filtered hot to remove a white
precipitate (presumed to be KBr) and 2-(2-bromoethyl)naphthalene (9mmol) will be
added and the mixture will be returned to reflux overnight. The mixture will be allowed
to cool to room temperature, and the volatiles will be removed en vacuo resulting in the

product.
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[244] Synthesis of 1-decyl-3-(2-ethyl-2-naphthal)naphtho[2,3-d]-4,9-dione-imidazolium
bromide. 1H-naphtho[2,3-d]imidazole-4,9-dione (9mmol) will be dissolved into DMF.
Potassium carbonate (9.9mmol) will be added and the mixture will be allowed to stir for 0.5h
and 1-bromodecane (9mmol) will be added and the mixture will be returned to reflux overnight.
The solution will be filtered hot to remove a white precipitate (presumed to be KBr) and 2-(2-
bromoethyl)naphthalene (9mmol) will be added and the mixture will be returned to reflux
overnight. The mixture will be allowed to cool to room temperature, and the volatiles will be

removed en vacuo resulting in the product.

[245]
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[246] Synthesis of 1-undecyl-3-(2-ethyl-2-naphthal)naphtho[2,3-d]-4,9-dione-
imidazolium bromide. 1H-naphtho[2,3-d]imidazole-4,9-dione (9mmol) will be
dissolved into DMF. Potassium carbonate (9.9mmol) will be added and the mixture will
be allowed to stir for 0.5h and 1-bromoundecane (9mmol) will be added and the mixture
will be returned to reflux overnight. The solution will be filtered hot to remove a white
precipitate (presumed to be KBr) and 2-(2-bromoethyl)naphthalene (9mmol) will be
added and the mixture will be returned to reflux overnight. The mixture will be allowed
to cool to room temperature, and the volatiles will be removed en vacuo resulting in the

product.

[247]
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[248] Synthesis of 1-dodecyl-3-(2-ethyl-2-naphthal)naphtho[2,3-d]-4,9-dione-
imidazolium bromide. 1H-naphtho[2,3-d]imidazole-4,9-dione (9mmol) will be dissolved into
DMF. Potassium carbonate (9.9mmol) will be added and the mixture will be allowed to stir for
0.5h and 1-bromododecane (9mmol) will be added and the mixture will be returned to reflux
overnight. The solution will be filtered hot to remove a white precipitate (presumed to be KBr)
and 2-(2-bromoethyl)naphthalene (9mmol) will be added and the mixture will be returned to
reflux overnight. The mixture will be allowed to cool to room temperature, and the volatiles will

be removed en vacuo resulting in the product.

[249]

[250] Synthesis of 1,3,5,7-tetrakis(2-methylnaphthal)-4,8-dioxo-3,4,7,8-
tetrahydrobenzo[1,2-d:4,5-d"]diimidazolium bromide. Benzo[1,2-d:4,5-
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d']diimidazole-4,8-dione will be dissolved into DMF. Potassium carbonate (9.9mmol)
will be added and the mixture will be allowed to stir for 0.5h and 2-bromomethyl
naphthalene (9mmol) will be added and the mixture will be returned to reflux overnight.
The solution will be filtered hot to remove a white precipitate (presumed to be KBr) and
2-bromomethyl naphthalene (9mmol) will be added and the mixture will be returned to
reflux overnight. The mixture will be allowed to cool to room temperature, and the

volatiles will be removed en vacuo resulting in the product.
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[252] Synthesis of 1,3,5,7-tetrakis(2-ethyl-1-naphthal)-4,8-dioxo-3,4,7,8-
tetrahydrobenzo[1,2-d:4,5-d']diimidazolium bromide. Benzo[1,2-d:4,5-d"]diimidazole-4,8-
dione will be dissolved into DMF. Potassium carbonate (9.9mmol) will be added and the
mixture will be allowed to stir for 0.5h and 1-(2-bromoethyl)naphthalene (9mmol) will be added
and the mixture will be returned to reflux overnight. The solution will be filtered hot to remove a

g..%fﬁg

white precipitate (presumed to be KBr) and 1-(2-bromoethyl)naphthalene (9mmol) will be added
and the mixture will be returned to reflux overnight. The mixture will be allowed to cool to room

temperature, and the volatiles will be removed en vacuo resulting in the product.
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[254] Synthesis of 1,3,5,7-tetrakis(2-ethyl-2-naphthal)-4,8-dioxo-3,4,7,8-
tetrahydrobenzo[1,2-d:4,5-d"]diimidazolium bromide. Benzo[1,2-d:4,5-
d'ldiimidazole-4,8-dione will be dissolved into DMF. Potassium carbonate (9.9mmol)
will be added and the mixture will be allowed to stir for 0.5h and 2-(2-
bromoethyl)naphthalene (9mmol) will be added and the mixture will be returned to
reflux overnight. The solution will be filtered hot to remove a white precipitate
(presumed to be KBr) and 2-(2-bromoethyl)naphthalene (9mmol) will be added and the
mixture will be returned to reflux overnight. The mixture will be allowed to cool to room
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temperature, and the volatiles will be removed en vacuo resulting in the product.
[255]
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[256] Synthesis of 2-methyl-1,3,5,7-tetrakis(2-methylnaphthal)-4,8-dioxo-3,4,7,8-
tetrahydrobenzo[1,2-d:4,5-d"ldiimidazolium bromide. 2-methylbenzo[1,2-d:4,5-
d'ldiimidazole-4,8-dione will be dissolved into DMF. Potassium carbonate (9.9mmol)
will be added and the mixture will be allowed to stir for 0.5h and 2-bromomethyi
naphthalene (9mmol) will be added and the mixture will be returned to reflux overnight.
The solution will be filtered hot to remove a white precipitate (presumed to be KBr) and
2-bromomethyl naphthalene (9mmol) will be added and the mixture will be returned to
reflux overnight. The mixture will be allowed to cool to room temperature, and the

volatiles will be removed en vacuo resulting in the product.

[257]
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[258] Synthesis of 2-methyl-1,3,5,7-tetrakis(2-ethyl-2-naphthal)-4,8-dioxo-3,4,7,8-
tetrahydrobenzo[1,2-d:4,5-d"]diimidazolium bromide. 2-methylbenzo[1,2-d:4,5-
d']diimidazole-4,8-dione will be dissolved into DMF. Potassium carbonate (9.9mmol)
will be added and the mixture will be allowed to stir for 0.5h and 2-(2-
bromoethyl)naphthalene (9mmol) will be added and the mixture will be returned to
reflux overnight. The solution will be filtered hot to remove a white precipitate
(presumed to be KBr) and 2-(2-bromoethyl)naphthalene (9mmol) will be added and the
mixture will be returned to reflux overnight. The mixture will be allowed to cool to room
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temperature, and the volatiles will be removed en vacuo resulting in the product.
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[260] Synthesis of 2-methyl-1,3,5,7-tetrakis(2-ethyl-1-naphthal)-4,8-dioxo-3,4,7,8-
tetrahydrobenzo[1,2-d:4,5-d']diimidazolium bromide. 2-methylbenzo[1,2-d:4,5-
d'ldiimidazole-4,8-dione will be dissolved into DMF. Potassium carbonate (9.9mmol)
will be added and the mixture will be allowed to stir for 0.5h and 1-(2-
bromoethyl)naphthalene (9mmol) will be added and the mixture will be returned to
reflux overnight. The solution will be filtered hot to remove a white precipitate
(presumed to be KBr) and 1-(2-bromoethyl)naphthalene (9mmol) will be added and the
mixture will be returned to reflux overnight. The mixture will be allowed to cool to room

temperature, and the volatiles will be removed en vacuo resulting in the product.
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[262] Synthesis of 1,3,5,7-tetrakis(adamantyl)-4,8-dioxo-3,4,7,8-
tetrahydrobenzo[1,2-d:4,5-d']diimidazolium bromide. Paraformaldehyde (0.32mmol)
will be dissolved into toluene. Adamantyl amine (0.66 mmol) will be added slowly and

the mixture will be heated stirred at room temperature for 1h. The mixture will be

[261]

Br

+
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cooled to 0 °C and another equivalent of adamantly amine (0.66 mmol) will be added.
A 3N solution of HBF4(aq) will be added dropwise and upon returning to room
temperature 1,2,3,4,5,6-cyclohexanehexone will be added. The mixture will be stirred
at 60 °C for 36h, after which the solvent will be removed en vacuo to obtain the product.
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[264] Synthesis of 1,3-bisadamantyl-4,5-dichloroimidazolium tetrafluoroborate.
Paraformaldehyde (0.32mmol) will be dissolved into toluene. Adamantyl amine (0.33
mmol) will be added slowly and the mixture will be heated stirred at room temperature
for 1h. The mixture will be cooled to 0 °C and another equivalent of adamantly amine
(0.33 mmol) will be added. A 3N solution of HBF4(aq) will be added dropwise and upon
returning to room temperature oxalyl dichloride (0.33mmol) will be added. The mixture
will be stirred at 60 °C for 36h, after which the solvent will be removed en vacuo to

obtain the product.
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[266] Synthesis of 3-methyl-1-(quinolin-2-ylmethyl)-4,5-dichloroimidazolium
iodide. 4,5-Dichloroimidazole (2.00 g, 14.6 mmol) was dissolved in 15 mL acetonitrile
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in a round bottom flask. Potassium hydroxide (0.90 g, 16.0 mmol) was added and the
mixture was refluxed for 15 min. Concurrently, 2-chloromethylquinoline hydrochloride
(3.13 g, 14.6 mmol) and potassium hydroxide (0.82 g, 14.6 mmol) were added to a
second round bottom flask and stirred in 60 mL acetonitrile at reflux for 10 min. The
contents of the second flask were added to the first, and the combined mixture was
refluxed overnight, during which time a white precipitate formed. The reaction mixture
was filtered hot, yielding a clear, tan filtrate. Slow evaporation and cooling of the filtrate
yielded tan crystals of 1-(quinolin-2-ylmethyl)-4,5-dichloroimidazole, which were
collected by a second filtration. The crystals (0.278 g, 1.0 mmol) will be dissolved in a
minimum volume of DMF. lodomethane (0.62 mL, 10.0 mmol) will be added and the
mixture will be heated at 80° C for 12 h. Removal of the volatile components under
reduced pressure will yield the product.
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[268] Synthesis of 3-methyl-1-(2-methylanthraquinonyl)-4,5-dichloroimidazolium
iodide. 4,5-Dichloroimidazole (0.18 g, 1.33 mmol) and potassium hydroxide (0.08 g,
1.46 mmol) were combined in a round bottom flask. Acetonitrile (2 mL) was added and
the mixture was stirred at reflux for 30 min, dissolving the remaining solid. Concurrently,
2-(Bromomethyl)anthraquinone (0.40 g, 1.33 mmol) was added to 30 mL acetonitrile
and stirred at reflux for 30 min, partially dissolving the solid. The solution in the initial
flask was added to the 2-(bromomethyl)anthraquinone mixture, and the solution was
returned to reflux for 3 h. The mixture was filtered hot, and a precipitate quickly formed

in the tan filtrate. The precipitate was collected by a second filtration and washed with
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cold acetonitrile to yield a yellow powder. This solid (0.50 g, 1.0 mmol) will be dissolved
in DMF and heated at 80° C. lodomethane (0.62 mL, 10.0 mmol) will be added slowly
and the reaction mixture will be heated for 12 h. Removal of the volatile components
under reduced pressure will yield the product.

[269]
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[270] synthesis of 1-(naphthalen-2-ylmethyl)-3-(2-methylanthraquinonyl)-4,5-
dichloroimidazolium bromide. 4,5-Dichloroimidazole (1.37 g, 10.0 mmol) and
potassium hydroxide (0.61 g, 11.0 mmol) were placed in a round bottom flask and 10
mL acetonitrile was added. The mixture was refluxed for 30 min. The flask was
removed from the head and 2-(bromomethyl)naphthalene (2.21, 10.0 mmol) was
added. The mixture was returned to heat and refluxed for 2.5 h, during which time a
white precipitate formed. The mixture was filtered hot, and upon cooling a precipitate
formed in the filtrate. The solid, the mono-substituted imidazole, was collected by a
second filtration. This solid (0.28 g, 1.0 mmol) and 2-(bromomethyl)anthraquione (0.90
g, 3.0 mmol) will be placed in a high-pressure vessel and dissolved in the minimum
volume of DMF. The solution will be heated to 100° C for 8 h. Removal of the volatile

components under reduced pressure will yield the product.

[271]
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[272] Synthesis of 1,3-bis(2-methylanthraquinonyl)-4,5-dichloroimidazolium
bromide. 4,5-Dichloroimidazole (0.14 g, 1.0 mmol) and potassium hydroxide (0.06 g,
1.1 mmol) will be dissolved in the minimum volume of DMF in a high-pressure vessel.
The solution will be heated at 80° C for 30 min. The vessel will be removed from heat
and 2-(bromomethyl)anthraquinone (1.20 g, 4.0 mmol) will be added. If not all solid
dissolves, DMF will be added until all reactants are in solution. The vessel will be
sealed and heated at 100° C for 12 h. The volatile components will be removed under
reduced pressure, and the remaining mixture washed with water to remove potassium
bromide. The remaining solid will be collected and should be the product.
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[274] Synthesis of 1,3-bis(quinoxalin-2-ylmethyl)-4,5-dichloroimidazolium
bromide. 4,5-dichloroimidazole (1.37 g, 10 mmol) will be dissolved in a minimum
amount of acetonitrile and potassium hydroxide (0.62 g, 11 mmol) will be added. The
mixture will be stirred at reflux until the potassium hydroxide is consumed,

approximately 30 min. 2-(Bromomethyl)quinoxaline (2.23 g, 10.0 mmol) will be added
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and the mixture will be returned to reflux for 3 h. The mixture will be filtered hot to
remove the potassium bromide generated. A second addition of 2-
(bromomethyl)quinoxaline (2.23 g, 10.0 mmol) will be made to the reaction solution,
which will be returned to reflux for 6 h. Removal of the volatile components under
reduced pressure should yield the product.
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[276] Synthesis of 1,3-bis(2-(benzimidazol-1-yl)ethyl)-4,5-dichloroimidazolium
bromide. 1-(2-Bromoethyl)-4,5-dichloroimidazole was synthesized from a literature
procedure. To this solid (1.1 g, 4.5 mmol) was added 1,2-dibromoethane (1.5 mL, 18
mmol). The mixture was refluxed for 2 d, during which time a precipitate formed. The
solid was collected by filtration and determined to be the desired product, 1,3-(2-
bromoethyl)-4,5-dichloroimidazole. This solid (4.31 g, 10 mmol) will be added to a
refluxing mixture of benzimidazole (1.18 g, 10.0 mmol) and KOH (0.56 g, 10 mmol) in
acetonitrile and stirred for 12 hours. The mixture will be filtered to remove the
potassium bromide generated, and the volatile components of the filtrate will be
removed under reduced pressure to yield the desired product.
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[278] Synthesis of 1,3-bis(quinolin-2-ylmethyl)naphtho[2,3-d]-4,9-dione-
imidazolium bromide. Naphtho[2,3-d]imidazole-4,9-dione (1.98 g, 10.0 mmol) and
potassium carbonate (2.07 g, 15.0 mmol) will be dissolved in a minimum volume of
DMF and heated at 80 °C for 1 h. A solution of 2-(chloromethyl)quinoline will be
prepared by combining 2-(chloromethyl)quinolone hydrochloride (2.14 g, 10 mmol) and
potassium carbonate (2.07 g, 15.0 mmol) in DMF and heating at 80 °C for 30 min, and
this solution will be added to the reaction mixture. The mixture will be heated at 80 °C
for 6 h. The mixture will be filtered hot to remove any excess base and KCI generated.
A second equivalent of neutralized 2-chloromethylquinoline will be added to the filtrate,
which will be returned to 80 °C for 12 h. The mixture will again be filtered hot to remove
KCl and excess base from the neutralization reaction, and the volatile components of

the filtrate will be removed under reduced pressure to yield the product.
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[280] Synthesis of 1,3-bis(quinoxalin-2-ylmethyl)naphtho[2,3-d]-4,9-dione-
imidazolium bromide. Naphtho[2,3-d]imidazole-4,9-dione (1.98 g, 10.0 mmol) and
potassium carbonate (2.07 g, 15.0 mmol) will be dissolved in a minimum volume of
DMF and heated at 80 °C for 1 h. 2-(Bromomethyl)quinoxaline (2.23 g, 10.0mmol) will
be added and the mixture will be heated at 80 °C for 6 h. The mixture will be filtered hot
to remove any excess base and KCI generated. A second equivalent of 2-
(Bromomethyl)quinoxaline will be added to the filtrate, which will be returned to 80 °C
for 12 h. The volatile components of the reaction mixture will be removed under

103



WO 2012/149523 PCT/US2012/035773

reduced pressure to yield the product.
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[282] Synthesis of  1,3-bis(naphthalen-2-yimethyl)naphtho[2,3-d]-4,9-dione-
imidazolium bromide. Naphtho[2,3-d]imidazole-4,9-dione (1.98 g, 10.0 mmol) and
potassium carbonate (2.07 g, 15.0 mmol) will be dissolved in a minimum volume of
DMF and heated at 80 °C for 1 h. 2-(Bromomethyl)naphthalene (2.23 g, 10.0mmol) will
be added and the mixture will be heated at 80 °C for 6 h. The mixture will be filtered hot
to remove any excess base and KCI generated. A second equivalent of 2-
(Bromomethyl)naphthalene will be added to the filtrate, which will be returned to 80 °C
for 12 h.The volatile components of the reaction mixture will be removed under reduced

pressure to yield the product.
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[284] Synthesis of 4,11-dihydroxy-1,3-bis(quinolin-2-ylmethyl)anthra[2,3-d]-5,10-
dione-imidazolium chloride. 4,11-Dihydroxy-anthra[2,3-d]imidazole-5,10-dione (2.80
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g, 10.0 mmol) and potassium carbonate (2.07 g, 15.0 mmol) will be dissolved in a
minimum volume of DMF and heated at 80 °C for 1 h. A solution of 2-
(chloromethyl)quinoline will be prepared by combining 2-(chloromethyl)quinolone
hydrochloride (2.14 g, 10 mmol) and potassium carbonate (2.07 g, 15.0 mmol) in DMF
and heating at 80 °C for 30 min, and this solution will be added to the reaction mixture.
The mixture will be heated at 80 °C for 6 h. The mixture will be filtered hot to remove
any excess base and KCI generated. A second equivalent of neutralized 2-
chloromethylquinoline will be added to the filtrate, which will be returned to 80 °C for 12
h. The mixture will again be filtered hot to remove KCl| and excess base from the
neutralization reaction, and the volatile components of the filtrate will be removed under

reduced pressure to yield the product.
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[286] Synthesis of 4,11-dihydroxy-1,3-bis(quinoxalin-2-ylmethyl)anthra[2,3-d]-
5,10-dione-imidazolium bromide. 4,11-dihydroxy-anthra[2,3-d]imidazole-5,10-dione
(2.80 g, 10.0 mmol) and potassium carbonate (2.07 g, 15.0 mmol) will be dissolved in a
minimum volume of DMF and heated at 80 °C for 1 h. 2-(Bromomethyl)quinoxaline
(2.23 g, 10.0mmol) will be added and the mixture will be heated at 80 °C for 6 h. The
mixture will be filtered hot to remove any excess base and KCI generated. A second
equivalent of 2-(Bromomethyl)quinoxaline will be added to the filtrate, which will be
returned to 80 °C for 12 h.The volatile components of the reaction mixture will be

removed under reduced pressure to yield the product.
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[288] Synthesis of 4,11-dihydroxy-1,3-bis(naphthalen-2-ylmethyl)anthra[2,3-d]-
5,10-dione-imidazolium bromide. 4,11-dihydroxy-anthra[2,3-d]imidazole-5,10-dione
(2.80 g, 10.0 mmol) and potassium carbonate (2.07 g, 15.0 mmol) will be dissolved in a
minimum volume of DMF and heated at 80 °C for 1 h. 2-(Bromomethyl)naphthalene
(2.21 g, 10.0mmol) will be added and the mixture will be heated at 80 °C for 3 h. The
mixture will be filtered hot to remove any excess base and KBr generated. A second
equivalent of 2-(Bromomethyl)naphthalene will be added to the filtrate, which will be
returned to 80 °C for 6 h. The volatile components of the reaction mixture will be
removed under reduced pressure to yield the product.
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[290] Synthesis of  4,11-dihydroxy-1-(quinolin-2-ylmethyl)-3-(naphthalen-2-
ylmethyl)anthra[2,3-d]-5,10-dione-imidazolium bromide. 4,11-dihydroxy-anthra[2,3-
d]imidazole-5,10-dione (2.80 g, 10.0 mmol) and potassium carbonate (2.07 g, 15.0
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mmol) will be dissolved in a minimum volume of DMF and heated at 80 °C for 1 h. A
solution of 2-(chloromethyl)quinoline will be prepared by combining 2-
(chloromethyl)quinolone hydrochloride (2.14 g, 10 mmol) and potassium carbonate
(2.07 g, 15.0 mmol) in DMF and heating at 80 °C for 30 min, and this solution will be
added to the reaction mixture. The mixture will be heated at 80 °C for 6 h. The mixture
will be filtered hot to remove any excess base and KCI| generated. 2-
(Bromomethyl)naphthalene (2.21 g, 10.0 mmol) will be added to the filtrate, which will
be returned to 80 °C for 12 h. The volatile components will be removed under reduced
pressure to yield the product.
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[292] Synthesis of 4,11-dihydroxy-1-(quinolin-2-ylmethyl)-3-(quinoxalin-2-
ylimethyl)anthra[2,3-d]-5,10-dione-imidazolium bromide. 4,11-dihydroxy-anthra[2,3-
dlimidazole-5,10-dione (2.80 g, 10.0 mmol) and potassium carbonate (2.07 g, 15.0
mmol) will be dissolved in a minimum volume of DMF and heated at 80 °C for 1 h. A
solution of 2-(chloromethyl)quinoline will be prepared by combining 2-
(chloromethyl)quinolone hydrochloride (2.14 g, 10 mmol) and potassium carbonate
(2.07 g, 15.0 mmol) in DMF and heating at 80 °C for 30 min, and this solution will be
added to the reaction mixture. The mixture will be heated at 80 °C for 6 h. The mixture
will be filtered hot to remove any excess base and KCl generated. 2-
(Bromomethyl)quinoxaline (2.23 g, 10.0 mmol) will be added to the filtrate, which will be
returned to 80 °C for 12 h. The volatile components will be removed under reduced

pressure to yield the product.
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[294] Synthesis of 4,11-dihydroxy-1-(naphthalen-2-yimethyl)-3-(quinoxalin-2-
yimethyl)anthra[2,3-d]-5,10-dione-imidazolium bromide. 4,11-dihydroxy-anthra[2,3-
dlimidazole-5,10-dione (2.80 g, 10.0 mmol) and potassium carbonate (2.07 g, 15.0
mmol) will be dissolved in a minimum volume of DMF and heated at 80 °C for 1 h. 2-
(Bromomethyl)naphthalene (2.21 g, 10.0mmol) will be added and the mixture will be
heated at 80 °C for 3 h. The mixture will be filtered hot to remove any excess base and
KBr generated. 2-(Bromomethyl)quinoxaline will be added to the filtrate, which will be
returned to 80 °C for 6 h. The volatile components of the reaction mixture will be
removed under reduced pressure to yield the product.
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[296] Synthesis of 1-(anthracen-2-ylmethyl)-3-methyl-4,5-dichloroimidazolium
iodide. 4,5-Dichloroimidazole (0.18 g, 1.33 mmol) and potassium hydroxide (0.08 g,
1.46 mmol) will be dissolved in a minimum volume of acetonitrile and stirred at reflux for
30 min. 2-(Bromomethyl)anthracene (2.71 g, 10.0 mmol) will be added and the mixture
will be returned to reflux for 3 h. The mixture will be filtered hot to remove the KBr
generated. The volatile components will be removed under reduced pressure to yield
the mono-substituted imidazole. A minimum amount of DMF will be added to the
remaining residue to dissolve it, and iodomethane (6.2 mL, 100 mmol) will be added.
The reaction mixture will be refluxed for 12 hours. The volatile components will be
removed under reduced pressure to yield the product.
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[298] Synthesis of 1-(anthracen-2-ylmethyl)-3-(napthalen-2-ylmethyl)-4,5-
dichloroimidazolium bromide. 4,5-Dichloroimidazole (0.18 g, 1.33 mmol) and
potassium hydroxide (0.08 g, 1.46 mmol) will be dissolved in a minimum volume of
acetonitrile and stirred at reflux for 30 min. 2-(Bromomethyl)anthracene (2.71 g, 10.0
mmol) will be added and the mixture will be returned to reflux for 3 h. The mixture will
be filtered hot to remove the KBr generated. 2-(Bromomethyl)naphthalene (2.21 g, 10.0
mmol) will be added to the filtrate and the mixture will be returned to reflux for 6 h. The
volatile components will be removed under reduced pressure to yield the product.
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[300] Synthesis of 1-(anthracen-2-yImethyl)-3-(quinolin-2-ylmethyl)-4,5-
dichloroimidazolium chloride. 4,5-Dichloroimidazole (0.18 g, 1.33 mmol) and
potassium hydroxide (0.08 g, 1.46 mmol) will be dissolved in a minimum volume of
acetonitrile and stirred at reflux for 30 min. 2-(Bromomethyl)anthracene (2.71 g, 10.0
mmol) will be added and the mixture will be returned to reflux for 3 h. The mixture will
be filtered hot to remove the KBr generated. A solution of 2-(chloromethyl)quinoline will
be prepared by combining 2-(chloromethyl)quinolone hydrochloride (2.14 g, 10 mmol)
and potassium hydroxide (0.56 g, 10.0 mmol) in acetonitrle and refluxing the mixture for
30 min, and this solution will be added to the filtrate. The combined mixture will be
returned to reflux for 6 h. The volatile components will be removed under reduced
pressure, and the resulting solid will be washed with water to remove the KCI
generated in the neutralization of the quinoline. The remaining solid will be dried and
will be the product.
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[302] Synthesis of 1-(anthracen-2-ylmethyl)-3-(quinoxalin-2-ylmethyl)-4,5-
dichloroimidazolium bromide. 4,5-Dichloroimidazole (0.18 g, 1.33 mmol) and

potassium hydroxide (0.08 g, 1.46 mmol) will be dissolved in a minimum volume of
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acetonitrile and stirred at reflux for 30 min. 2-(Bromomethyl)anthracene (2.71 g, 10.0
mmol) will be added and the mixture will be returned to reflux for 3 h. The mixture will
be filtered hot to remove the KBr generated. 2-(Bromomethyl)quinoxaline (2.23 g, 10.0
mmol) will be added to the filtrate and the mixture will be returned to reflux for 6 h. The

volatile components will be removed under reduced pressure to yield the product.

[303]

[304] Synthesis of 1,3-bis(anthracen-2-ylmethyl)-4,5-dichloroimidazolium
bromide. 4,5-Dichloroimidazole (0.18 g, 1.33 mmol) and potassium hydroxide (0.08 g,
1.46 mmol) will be dissolved in a minimum volume of acetonitrile and stirred at reflux for
30 min. 2-(Bromomethyl)anthracene (2.71 g, 10.0 mmol) will be added and the mixture
will be returned to reflux for 3 h. The mixture will be filtered hot to remove the KBr
generated. A second equivalent of 2-(bromomethyl)anthracene will be added to the
filtrate and the mixture will be returned to reflux for 6 h. The volatile components will be
removed under reduced pressure to yield the product.

[305]
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[306] Synthesis of 3-methyl-1-(pyren-2-ylmethyl)-4,5-dichloroimidazolium iodide.
4,5-Dichloroimidazole (0.18 g, 1.33 mmol) and potassium hydroxide (0.08 g, 1.46
mmol) will be dissolved in a minimum volume of acetonitrile and stirred at reflux for 30
min. 2-(Bromomethyl)pyrene (2.95 g, 10.0 mmol) will be added and the mixture will be
returned to reflux for 3 h. The mixture will be filtered hot to remove the KBr generated.
The volatile components will be removed under reduced pressure to yield the mono-
substituted imidazole. A minimum amount of DMF will be added to the remaining
residue to dissolve it, and iodomethane (6.2 mL, 100 mmol) will be added. The reaction
mixture will be refluxed for 12 hours. The volatile components will be removed under
reduced pressure to yield the product.
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[308] Synthesis of 1-(napthalen-2-ylmethyl)-3-(pyren-2-ylmethyl)-4,5-
dichloroimidazolium bromide. 4,5-Dichloroimidazole (0.18 g, 1.33 mmol) and
potassium hydroxide (0.08 g, 1.46 mmol) will be dissolved in a minimum volume of
acetonitrile and stirred at reflux for 30 min. 2-(Bromomethyl)pyrene (2.95 g, 10.0 mmol)
will be added and the mixture will be returned to reflux for 3 h. The mixture will be
filttered hot to remove the KBr generated. 2-(Bromomethyl)naphthalene (2.21 g, 10.0
mmol) will be added to the filtrate and the mixture will be returned to reflux for 6 h. The

volatile components will be removed under reduced pressure to yield the product.
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[310] Synthesis of 1-(pyren-2-ylmethyl)-3-(quinolin-2-ylmethyl)-4,5-
dichloroimidazolium chloride. 4,5-Dichloroimidazole (0.18 g, 1.33 mmol) and

potassium hydroxide (0.08 g, 1.46 mmol) will be dissolved in a minimum volume of
acetonitrile and stirred at reflux for 30 min. 2-(Bromomethyl)pyrene (2.95 g, 10.0 mmol)
will be added and the mixture will be returned to reflux for 3 h. The mixture will be
filtered hot to remove the KBr generated. A solution of 2-(chloromethyl)quinoline will be
prepared by combining 2-(chloromethyl)quinolone hydrochloride (2.14 g, 10 mmol) and
potassium hydroxide (0.56 g, 10.0 mmol) in acetonitrle and refluxing the mixture for 30
min, and this solution will be added to the filtrate. The combined mixture will be
returned to reflux for 6 h. The volatile components will be removed under reduced
pressure, and the resulting solid will be washed with water to remove the KCI
generated in the neutralization of the quinoline. The remaining solid will be dried and

will be the product.

[311]

o
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[312] Synthesis of 1-(pyren-2-y|methyl)-3;(quinoxalin-2-ylmethyl)-4,5-

dichloroimidazolium bromide. 4,5-Dichloroimidazole (0.18 g, 1.33 mmol) and
potassium hydroxide (0.08 g, 1.46 mmol) will be dissolved in a minimum volume of
acetonitrile and stirred at reflux for 30 min. 2-(Bromomethyl)pyrene (2.95 g, 10.0 mmol)
will be added and the mixture will be returned to reflux for 3 h. The mixture will be
filtered hot to remove the KBr generated. 2-(Bromomethyl)quinoxaline (2.23 g, 10.0
mmol) will be added to the filtrate and the mixture will be returned to reflux for 6 h. The

volatile components will be removed under reduced pressure to yield the product

[313]
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[314] Synthesis of 1,3-bis(pyren-2-ylmethyl)-4,5-dichloroimidazolium bromide.

4,5-Dichloroimidazole (0.18 g, 1.33 mmol) and potassium hydroxide (0.08 g, 1.46
mmol) will be dissolved in a minimum volume of acetonitrile and stirred at reflux for 30
min. 2-(Bromomethyl)pyrene (2.95 g, 10.0 mmol) will be added and the mixture will be
returned to reflux for 3 h. The mixture will be filtered hot to remove the KBr generated.
A second equivalent of 2-(bromomethyl)pyrene will be added to the filtrate and the
mixture will be returned to reflux for 6 h. The volatile components will be removed under

reduced pressure to yield the product.
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[315]

[316] Synthesis of 2-methyl-1,3,5,7-tetrakis(naphthalen-2-yimethyl)-4,8-dione-
benzo[1,2-d:4,5-d’]diimidazolium dibromide. 2-Methylbenzo(1,2-d:4,5-d’|diimidazole-
4,8-dione (2.02 g, 10 mmol) will be dissolved in a minimum volume of acetonitrile.
Potassium hydroxide (0.62 g, 11.0 mmol) will be added and the mixture will be refluxed
until the base is consumed. 2-(Bromomethyl)naphthalene (2.21 g, 10 mmol) will be
added and the mixture will be refluxed for 3 h. The mixture will be filtered hot to remove
the KBr generated, and a second equivalent of 2-(Bromomethyl)naphthalene will be
added to the filtrate. The mixture will be returned to reflux for 3 h. The volatile
components of the reaction mixture will be removed under reduced pressure, yielding
the product.

[317]
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[318] Synthesis of  2-methyl-1,3,5,7-tetrakis(quinolin-2-ylmethyl)-4,8-dione-
benzo[1,2-d:4,5-d’ldiimidazolium dichloride. 2-Methylbenzo(1,2-d:4,5-d"]diimidazole-
4.,8-dione (2.02 g, 10 mmol) will be dissolved in a minimum volume of acetonitrile.
Potassium hydroxide (0.62 g, 11.0 mmol) will be added and the mixture will be refluxed
until the base is consumed. A solution of 2-(chloromethyl)quinoline will be prepared by
combining 2-(chloromethyl)quinolone hydrochloride (2.14 g, 10 mmol) and potassium
hydroxide (0.56 g, 10.0 mmol) in acetonitrle and refluxing the mixture for 30 min, and
this solution will be added to the reaction mixture. The combined reaction mixture will
be refluxed for 6 h. The mixture will be filtered hot to remove any KCI generated. A
second equivalent of neutralized 2-chloromethylquinoline will be added to the filtrate,
which will be returned to reflux for 12 h. The mixture will again be filtered hot to remove
KCI from the neutralization reaction, and the volatile components of the filtrate will be

removed under reduced pressure to yield the product.

[319]

116



WO 2012/149523 PCT/US2012/035773

[320] Synthesis of 2-methyl-1,3,5,7-tetrakis(quinoxalin-2-ylmethyl)-4,8-dione-
benzo[1,2-d:4,5-d’]diimidazolium dibromide. 2-Methylbenzo(1,2-d:4,5-d"|diimidazole-
4,8-dione (2.02 g, 10 mmol) will be dissolved in a minimum volume of acetonitrile.
Potassium hydroxide (0.62 g, 11.0 mmol) will be added and the mixture will be refluxed
until the base is consumed. 2-(Bromomethyl)quinoxaline (2.23 g, 10 mmol) will be
added and the mixture will be refluxed for 6 h. The mixture will be filtered hot to remove
the KBr generated, and a second equivalent of 2-(Bromomethyl)quinoxaline will be
added to the filtrate. The mixture will be returned to reflux for 12 h. The volatile
components of the reaction mixture will be removed under reduced pressure to yield
the product.

[321]
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[322] Synthesis of 1-(5-carboxypentyl)-4,5-dichloro-3-(naphthalen-2-ylmethyl)-
1H-imidazol-3-ium bromide. 4,5-dichloroimidazole (1.00g, 7.36mmol) was dissolved
in acetonitrile. Potassium hydroxide (0.828g, 14.72mmol) was added to the solution
and allowed to reflux for 30 min. 1 equivalent of 6-bromohexanoic acid (1.44g,
7.36mmol) was added to the solution and refluxed for 5h. Solution was filtered to
remove the KBr precipitate and placed back onto reflux. An equivalent of 2-
(bromomethyl)naphthalene (1.63g, 7.36mmol) was added to solution and refluxed for
2.5h. The solution was neutralized with 6M HBr, volatiles removed in vacuo, and the

resulting product will be collected and analyzed.
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[324] Synthesis of 1-(carboxymethyl)-4,5-dichloro-3-(naphthalen-1-ylmethyl)-1H-
imidazol-3-ium bromide. 4,5-dichloroimidazole (1.00g, 7.36mmol) was dissolved in
acetonitrile. Potassium hydroxide (0.828g, 14.72mmol) was added to the solution and
allowed to reflux for 30 min. 1 equivalent of 2-bromoacetic acid (2.15g, 15.46mmol)
was added to the solution and refluxed for 2.5h. Solution was filtered to remove the
KBr precipitate and placed back onto reflux. An equivalent of 1-
(bromomethyl)naphthalene (1.63g, 7.36mmol) was added to solution and refluxed for
2.5h. The solution was neutralized with 6M HBr, volatiles removed in vacuo, and the
resulting product will be collected and analyzed.

[325]
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[326] Synthesis of 1-(4-carboxybutyl)-4,5-dichloro-3-(naphthalen-1-ylmethyl)-1H-
imidazol-3-ium bromide. 4,5-dichioroimidazole (1.00g, 7.36mmol) was dissolved in
acetonitrile. Potassium hydroxide (0.828g, 14.72mmol) was added to the solution and
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allowed to reflux for 30 min. 1 equivalent of 5-bromopentanoic acid (1.33g, 7.36mmol)
was added to the solution and refluxed for 5h. Solution was filtered to remove the KBr
precipitate and placed back onto reflux. An equivalent of 1-(bromomethyl)naphthalene
(1.63g, 7.36mmol) was added to solution and refluxed for 2.5h. The solution was
neutralized with 6M HBr, volatiles removed in vacuo, and the resulting product will be

collected and analyzed.

[327]
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[328] Synthesis of 1-(5-carboxypentyl)-4,5-dichloro-3-(naphthalen-1-ylmethyl)-
1H-imidazol-3-ium bromide. 4,5-dichloroimidazole (1.00g, 7.36mmol) was dissolved
in acetonitrile. Potassium hydroxide (0.828g, 14.72mmol) was added to the solution
and allowed to reflux for 30 min. 1 equivalent of 6-bromohexanoic acid (1.44g,
7.36mmol) was added to the solution and refluxed for 5h. Solution was filtered to
remove the KBr precipitate and placed back onto reflux. An equivalent of 1-
(bromomethyl)naphthalene (1.63g, 7.36mmol) was added to solution and refluxed for
2.5h. The solution was neutralized with 6M HBr, volatiles removed in vacuo, and the
resulting product will be collected and analyzed.

[329]

5o o
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[330] Synthesis of 1-(4-(carboxymethoxy)benzyl)-4,5-dichloro-3-(naphthalen-1-
ylmethyl)-1H-imidazol-3-ium bromide. 4,5-dichloroimidazole (1.00g, 7.36mmol) was
dissolved in acetonitrile. Potassium hydroxide (0.828g, 14.72mmol) was added to the
solution and allowed to reflux for 30 min. 1 equivalent of 2-(4-
(bromomethyl)phenoxy)acetic acid (1.80g, 7.36mmol) was added to the solution and
refluxed for 5h. Solution was filtered to remove the KBr precipitate and placed back
onto reflux. An equivalent of 1-(bromomethyl)naphthalene (1.63g, 7.36mmol) was
added to solution and refluxed for 2.5h. The solution was neutralized with 6M HBr,

volatiles removed in vacuo, and the resulting product will be collected and analyzed.
[331]
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[332] Synthesis of 1-(carboxymethyl)-4,5-dichloro-3-(2-(naphthalen-1-yl)ethyl)-
1H-imidazol-3-ium bromide. 4,5-dichloroimidazole (1.00g, 7.36mmol) was dissolved
in acetonitrile. Potassium hydroxide (0.828g, 14.72mmol) was added to the solution
and allowed to reflux for 30 min. 1 equivalent of 2-bromoacetic acid (2.15g,
15.46mmol) was added to the solution and refluxed for 2.5h. Solution was filtered to
remove the KBr precipitate and placed back onto reflux. An equivalent of 1-(2-
bromoethyl)naphthalene (1.73g, 7.36mmol) was added to solution and refluxed for
2.5h. The solution was neutralized with 6M HBr, volatiles removed in vacuo, and the

resulting product will be collected and analyzed.
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[333]
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[334] Synthesis of 1-(4-carboxybutyl)-4,5-dichloro-3-(2-(naphthalen-1-yl)ethyl)-
1H-imidazol-3-ium bromide. 4,5-dichloroimidazole (1.00g, 7.36mmol) was dissolved
in acetonitrile. Potassium hydroxide (0.828g, 14.72mmol) was added to the solution
and allowed to reflux for 30 min. 1 equivalent of 5-bromopentanoic acid (1.33g,
7.36mmol) was added to the solution and refluxed for 5h. Solution was filtered to
remove the KBr precipitate and placed back onto reflux. An equivalent of 1-(2-
bromoethyl)naphthalene (1.73g, 7.36mmol) was added to solution and refluxed for
2.5h. The solution was neutralized with 6M HBr, volatiles removed in vacuo, and the

resulting product will be collected and analyzed.

[335]
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[336] Synthesis of 1-(5-carboxypentyl)-4,5-dichloro-3-(2-(naphthalen-1-yl)ethyl)-
1H-imidazol-3-ium bromide. 4,5-dichloroimidazole (1.00g, 7.36mmol) was dissolved

in acetonitrile. Potassium hydroxide (0.828g, 14.72mmol) was added to the solution
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and allowed to reflux for 30 min. 1 equivalent of 6-bromohexanoic acid (1.44g,
7.36mmol) was added to the solution and refluxed for 5h. Solution was filtered to
remove the KBr precipitate and placed back onto reflux. An equivalent of 1-(2-
bromoethyl)naphthalene (1.73g, 7.36mmol) was added to solution and refluxed for
2.5h. The solution was neutralized with 6M HBr, volatiles removed in vacuo, and the
resulting product will be collected and analyzed.

[337]
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[338] Synthesis of 1-(4-(carboxymethoxy)benzyl)-4,5-dichloro-3-(2-(naphthalen-1-
yl)ethyl)-1H-imidazol-3-ium bromide. 4, 5-dichloroimidazole (1.00g, 7.36mmol) was
dissolved in acetonitrile. Potassium hydroxide (0.828g, 14.72mmol) was added to the
solution and allowed to reflux for 30 min. 1 equivalent of 2-(4-
(bromomethyl)phenoxy)acetic acid (1.80g, 7.36mmol) was added to the solution and
refluxed for 5h. Solution was filtered to remove the KBr precipitate and placed back
onto reflux. An equivalent of 1-(2-bromoethyl)naphthalene (1.73g, 7.36mmol)was
added to solution and refluxed for 2.5h. The solution was neutralized with 6M HBr,
volatiles removed in vacuo, and the resulting product will be collected and analyzed.
[339]
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[340] Synthesis of 1-(carboxymethyl)-4,5-dichloro-3-(2-(naphthalen-2-yl)ethyl)-
1H-imidazol-3-ium bromide. 4,5-dichloroimidazole (1.00g, 7.36mmol) was dissolved
in acetonitrile. Potassium hydroxide (0.828g, 14.72mmol) was added to the solution
and allowed to reflux for 30 min. 1 equivalent of 2-bromoacetic acid (2.15g,
15.46mmol) was added to the solution and refluxed for 2.5h. Solution was filtered to
remove the KBr precipitate and placed back onto reflux. An equivalent of 2-(2-
bromoethyl)naphthalene (1.73g, 7.36mmol) was added to solution and refluxed for
2.5h. The solution was neutralized with 6M HBr, volatiles removed in vacuo, and the

resulting product will be collected and analyzed.
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[342] Synthesis of 1-(4-carboxybutyl)-4,5-dichloro-3-(2-(naphthalen-2-yl)ethyl)-
1H-imidazol-3-ium bromide. 4,5-dichloroimidazole (1.00g, 7.36mmol) was dissolved
in acetonitrile. Potassium hydroxide (0.828g, 14.72mmol) was added to the solution
and allowed to reflux for 30 min. 1 equivalent of 5-bromopentanoic acid (1.33g,
7.36mmol) was added to the solution and refluxed for 5h. Solution was filtered to
remove the KBr precipitate and placed back onto reflux. An equivalent of 2-(2-
bromoethyl)naphthalene (1.73g, 7.36mmol) was added to solution and refluxed for
2.5h. The solution was neutralized with 6M HBr, volatiles removed in vacuo, and the

resulting product will be collected and analyzed.
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[344] Synthesis of 1-(5-carboxypentyl)-4,5-dichloro-3-(2-(naphthalen-2-yl)ethyl)-
1H-imidazol-3-ium bromide. 4,5-dichloroimidazole (1.00g, 7.36mmol) was dissolved
in acetonitrile. Potassium hydroxide (0.828g, 14.72mmol) was added to the solution
and allowed to reflux for 30 min. 1 equivalent of 5-bromohexanoic acid (1.44g,
7.36mmol) was added to the solution and refluxed for 5h. Solution was filtered to
remove the KBr precipitate and placed back onto reflux. An equivalent of 2-(2-
bromoethylnaphthalene (1.73g, 7.36mmol) was added to solution and refluxed for 2.5h.
The solution was neutralized with 6M HBr, volatiles removed in vacuo, and the resulting

product will be collected and analyzed.
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[346] Synthesis of 1-(4-(carboxymethoxy)benzyl)-4,5-dichloro-3-(2-(naphthalen-2-
yl)ethyl)-1H-imidazol-3-ium bromide. 4,5-dichloroimidazole (1.00g, 7.36mmol) was
dissolved in acetonitrile. Potassium hydroxide (0.828g, 14.72mmol) was added to the
solution and allowed to reflux for 30 min. 1 equivalent of 2-(4-
(bromomethyl)phenoxy)acetic acid (1.80g, 7.36mmol) was added to the solution and
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refluxed for 5h. Solution was filtered to remove the KBr precipitate and placed back
onto reflux. An equivalent of 2-(2-bromoethylnaphthalene (1.73g, 7.36mmol) was
added to solution and refluxed for 2.5h. The solution was neutralized with 6M HBr,

volatiles removed in vacuo, and the resulting product will be collected and analyzed.
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[348] Synthesis of 1,3-bis(5-carboxypentyl)-4,5-dichloro-1H-imidazol-3-ium
bromide. 4,5-dichloroimidazole (1.00g, 7.36mmol) was dissolved in acetonitrile.
Potassium hydroxide (0.828g, 14.72mmol) was added to the solution and allowed to
reflux for 30 min. 2 equivalents of 6-bromohexanoic acid (2.87g, 14.72mmol) was
added to the solution and refluxed for 5h. Solution was filtered to remove the KBr
precipitate and neutralized with 6M HBr. Volatiles were removed in vacuo and the
resulting product will be collected and analyzed.

[349]
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[350] Synthesis of 1,3-bis(4-carboxybutyl)-4,5-dichloro-1H-imidazol-3-ium
bromide. 4,5-dichloroimidazole (1.00g, 7.36mmol) was dissolved in acetonitrile.
Potassium hydroxide (0.828g, 14.72mmol) was added to the solution and allowed to

125



WO 2012/149523 PCT/US2012/035773

reflux for 30 min. 2 equivalents of 2-bromopentanoic acid (2.66g, 14.72mmol) was
added to the solution and refluxed for 5h. Solution was filtered to remove the KBr
precipitate and neutralized with 6M HBr. Volatiles were removed in vacuo and the

resulting product will be collected and analyzed.
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[352] Synthesis of 3,3',3"-(2,4,6-trimethylbenzene-1,3,5-
triyl)tris(methylene)tris(4,5-dichloro-1-(2-(naphthalen-2-yl)ethyl)-1H-imidazol-3-
ium) bromide. 4,5-dichloroimidazole (3.00g, 21.90mmol) was dissolved in THF and
brought to reflux. Potassium hydroxide (2.46g, 43.80mmol) was added to the solution
and allowed to reflux for 30 min. 2-(bromoethyl)naphthalene (5.15g, 21.90mmol) was
added to the solution and refluxed for 3h. Solution was filtered while hot to remove the
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KBr precipitate and the filtrate was returned to reflux. 1,3,5-tris(bromomethyl)-2,4,6-
trimethylbenzene (2.91g, 7.30mmol) was added to the solution and refluxed overnight.
The volatiles were removed in vacuo and the resulting waxy yellow solid was washed in

ethyl ether. A resulting product will be collected and analyzed.

[353]

[354] Synthesis of 3,3',3"-(2,4,6-trimethylbenzene-1,3,5-

triyl)tris(methylene)tris(4,5-dichloro-1-(naphthalen-1-ylmethyl)-1H-imidazol-3-ium)
bromide. 4,5-dichloroimidazole (3.00g, 21.90mmol) was dissolved in THF and brought
to reflux. Potassium hydroxide (2.46g, 43.80mmol) was added to the solution and
allowed to reflux for 30 min. 1,3,5-tris(bromomethyl)-2,4,6-trimethylbenzene (2.91g,
7.30mmol) was added to the solution and refluxed overnight. Solution was filtered
while hot to remove the KBr precipitate and the filtrate returned to reflux. 1-
(bromomethyl)naphthalene (4.84g, 21.90mmol) was added to the solution and refluxed
for 3h. The volatiles were removed in vacuo and the resulting waxy yellow solid was

washed in ethyl ether. A resulting product will be collected and analyzed.
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[356] Synthesis of 3,3',3"-(benzene-1,3,5-triyltris(methylene))tris(4,5-dichloro-1-
(2-(naphthalen-2-yl)ethyl)-1H-imidazol-3-ium) bromide. 4,5-dichloroimidazole
(3.00g, 21.90mmol) was dissolved in THF and brought to reflux. Potassium hydroxide
(2.469, 43.80mmol) was added to the solution and allowed to reflux for 30 min. 2-
(bromoethyl)naphthalene (5.15g, 21.90mmol) was added to the solution and refluxed
for 3h. Solution was filtered while hot to remove the KBr precipitate and the filtrate was
returned to reflux. 1,3,5-tris(bromomethyl)benzene (2.61, 7.30mmol) was added to the
solution and refluxed overnight. The volatiles were removed in vacuo and the resulting

waxy yellow solid was washed in ethyl ether. A resulting product will be collected and

analyzed.
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[358] Synthesis of 3,3',3"-(benzene-1,3,5-triyltris(methylene))tris(4,5-dichloro-1-
(naphthalen-1-yimethyl)-1H-imidazol-3-ium) bromide. 4,5-dichloroimidazole (3.00g,
21.90mmol) was dissolved in THF and brought to reflux. Potassium hydroxide (2.469,
43.80mmol) was added to the solution and allowed to reflux for 30 min. 1,3,5-
tris(boromomethyl)benzene (2.61, 7.30mmol) was added to the solution and refluxed
overnight. Solution was filtered while hot to remove the KBr precipitate and the filtrate
returned to reflux. 1-(bromomethyl)naphthalene (4.84g, 21.90mmol) was added to the
solution and refluxed for 3h. The volatiles were removed in vacuo and the resulting

waxy yellow solid was washed in ethyl ether. A resulting product will be collected and

analyzed.
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[360] Synthesis of 3,3',3"-(2,4,6-trimethylbenzene-1,3,5-triyl)tris(methylene)tris(1-
(4-(carboxymethoxy)benzyl)-4,5-dichloro-1H-imidazol-3-ium) bromide. 4,5-
dichloroimidazole (3.00g, 21.90mmol) was dissolved in THF and brought to reflux.
Potassium hydroxide (2.46g, 43.80mmol) was added to the solution and allowed to
reflux for 30 min. 1,3,5-tris(bromomethyl)-2,4,6-trimethylbenzene (2.91g, 7.30mmol)
was added to the solution and refluxed overnight. Solution was filtered while hot to
remove the KBr precipitate and the filtrate returned to reflux. 2-(4-
(bromomethyl)phenoxy)acetic acid (5.37g, 21.90mmol) was added to the solution and
refluxed for 3h. Solution was filtered to remove the KBr precipitate. The solution was
neutralized with 6M HBr, volatiles removed in vacuo, and the resulting waxy yellow

solid was washed in ethyl ether. A resulting product will be collected and analyzed.
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[362] Synthesis of 3,3',3"-(benzene-1,3,5-triyltris(methylene))tris(1-(4-
(carboxymethoxy)benzyl)-4,5-dichloro-1H-imidazol-3-ium) bromide. 4,5-
dichloroimidazole (3.00g, 21.90mmol) was dissolved in THF and brought to reflux.
Potassium hydroxide (2.46g, 43.80mmol) was added to the solution and allowed to
reflux for 30 min. 1,3,5-tris(bromomethyl)benzene (2.61, 7.30mmol) was added to the
solution and refluxed overnight. Solution was filtered while hot to remove the KBr
precipitate and the filtrate returned to reflux. 2-(4-(bromomethyl)phenoxy)acetic acid
(6.37g, 21.90mmol) was added to the solution and refluxed for 3h. Solution was filtered
to remove the KBr precipitate. The solution was neutralized with 6M HBr, volatiles
removed in vacuo, and the resulting waxy yellow solid was washed in ethyl ether. A

resulting product will be collected and analyzed.
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[364] Synthesis of 3,3',3"-(2,4,6-trimethylbenzene-1,3,5-triyl)tris(methylene)tris(1-
(4-carboxybutyl)-4,5-dichloro-1H-imidazol-3-ium) bromide. 4,5-dichloroimidazole
(3.00g, 21.90mmol) was dissolved in THF and brought to reflux. Potassium hydroxide
(2.46g, 43.80mmol) was added to the solution and allowed to reflux for 30 min. 1,3,5-
tris(bromomethyl)-2,4,6-trimethylbenzene (2.91g, 7.30mmol) was added to the solution
and refluxed overnight. Solution was filtered while hot to remove the KBr precipitate
and the filtrate returned to reflux. 5-bromopentanoic acid (3.96g, 21.90mmol) was
added to the solution and refluxed for 3h. Solution was filtered to remove the KBr
precipitate. The solution was neutralized with 6M HBr, volatiles removed in vacuo, and
the resulting waxy yellow solid was washed in ethyl ether. A resulting product will be

collected and analyzed.

[365]
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[366] Synthesis of 3,3',3"-(benzene-1,3,5-triyltris(methylene))tris(1-(4-
carboxybutyl)-4,5-dichloro-1H-imidazol-3-ium) bromide. 4,5-dichloroimidazole
(3.00g, 21.90mmol) was dissolved in THF and brought to reflux. Potassium hydroxide
(2.46g, 43.80mmol) was added to the solution and allowed to reflux for 30 min. 1,3,5-
tris(oromomethyl)benzene (2.61, 7.30mmol) was added to the solution and refluxed
overnight. Solution was filtered while hot to remove the KBr precipitate and the filtrate
returned to reflux. 5-bromopentanoic acid (3.96g, 21.90mmol) was added to the
solution and refluxed for 3h. Solution was filtered to remove the KBr precipitate. The
solution was neutralized with 6M HBr, volatiles removed in vacuo, and the resulting
waxy yellow solid was washed in ethyl ether. A resulting product will be collected and

analyzed.
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[369] Synthesis of 3,3',3"-(2,4,6-trimethylbenzene-1,3,5-triy|)tris(methylene')tris(1-
(5-carboxypentyl)-4,5-dichloro-1H-imidazol-3-ium) bromide. 4,5-dichloroimidazole
(3.00g, 21.90mmol) was dissolved in THF and brought to reflux. Potassium hydroxide
(2.46g, 43.80mmol) was added to the solution and allowed to reflux for 30 min. 1,3,5-
tris(bromomethyl)-2,4,6-trimethylbenzene (2.91g, 7.30mmol) was added to the solution
and refluxed overnight. Solution was filtered while hot to remove the KBr precipitate
and the filtrate returned to reflux. 6-bromohexanoic acid (4.27g, 21.90mmol) was

added to the solution and refluxed for 3h. Solution was filtered to remove the KBr

precipitate. The solution was neutralized with 6M HBr, volatiles removed in vacuo, and
the resulting waxy yellow solid was washed in ethyl ether. A resulting product will be

collected and analyzed.
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[371] Synthesis of 3,3',3"-(benzene-1,3,5-triyltris(methylene))tris(1-(5-
carboxypentyl)-4,5-dichloro-1H-imidazol-3-ium) bromide. 4, 5-dichloroimidazole
(3.00g, 21.90mmol) was dissolved in THF and brought to reflux. Potassium hydroxide
(2.469, 43.80mmol) was added to the solution and allowed to reflux for 30 min. 1,3,5-
tris(bromomethyl)benzene (2.61, 7.30mmol) was added to the solution and refluxed
overnight. Solution was filtered while hot to remove the KBr precipitate and the filtrate
returned to reflux. 6-bromohexanocic acid (4.27g, 21.90mmol) was added to the
solution and refluxed for 3h. Solution was filtered to remove the KBr precipitate. The
solution was neutralized with 6M HBr, volatiles removed in vacuo, and the resulting
waxy yellow solid was washed in ethyl ether. A resulting product will be collected and

analyzed.
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[373] Synthesis of 3,3',3"-(2,4,6-trimethylbenzene-1,3,5-triyl)tris(methylene)tris(1-
(carboxymethyl)-4,5-dichloro-1H-imidazol-3-ium) bromide. 4,5-dichloroimidazole
(3.00g, 21.90mmol) was dissolved in THF and brought to reflux. Potassium hydroxide
(2.464g, 43.80mmol) was added to the solution and allowed to reflux for 30 min. 1,3,5-
tris(poromomethyl)-2,4,6-trimethylbenzene (2.91g, 7.30mmol) was added to the solution
and refluxed overnight. Solution was filtered while hot to remove the KBr precipitate
and the filtrate returned to reflux. 2-bromoacetic acid (3.04g, 21.90mmol) was added to
the solution and refluxed for 3h. Solution was filtered to remove the KBr precipitate,
neutralized with 6M HBr, volatiles removed in vacuo, and the resulting waxy yellow
solid was washed in ethyl ether. A resulting product will be collected and analyzed.
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[375] Synthesis of 3,3",3"-(benzene-1,3,5-triyltris(methylene))tris(1-
(carboxymethyl)-4,5-dichloro-1H-imidazol-3-ium) bromide. 4,5-dichloroimidazole
(3.00g, 21.90mmol) was dissolved in THF and brought to reflux. Potassium hydroxide
(2.469g, 43.80mmol) was added to the solution and allowed to reflux for 30 min. 1,3,5-
tris(poromomethyl)benzene (2.61, 7.30mmol) was added to the solution and refluxed
overnight. Solution was filtered while hot to remove the KBr precipitate and the filtrate
returned to reflux. 2-bromoacetic acid (3.04g, 21.90mmol) was added to the solution
and refluxed for 3h. Solution was filtered to remove the KBr precipitate, neutralized
with 6M HBr, volatiles removed in vacuo, and the resulting waxy yellow solid was

washed in ethyl ether. A resulting product will be collected and analyzed.
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[377] Synthesis of 3,3',3"~(2,4,6-trimethylbenzene-1,3,5-
triyl)tris(methylene)tris(4,5-dichloro-1-(3-hydroxypropyl)-1H-imidazol-3-ium)
bromide. 4,5-dichloroimidazole (3.00g, 21.90mmol) was dissolved in THF and brought
to reflux. Potassium hydroxide (2.46g, 43.80mmol) was added to the solution and
allowed to reflux for 30 min. 1,3,5-tris(bromomethyl)-2,4,6-trimethylbenzene (2.91g,
7.30mmol) was added to the solution and refluxed overnight. Solution was filtered
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while hot to remove the KBr precipitate and the filtrate returned to reflux. 3-
bromopropanol (3.04g, 21.90mmol) was added to the solution and refluxed for 3h.
Solution was filtered to remove the KBr precipitate, neutralized with 6M HBr, volatiles
removed in vacuo, and the resulting waxy yellow solid was washed in ethyl ether. A

resulting product will be collected and analyzed.
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[379] Synthesis of 3,3',3"-(benzene-1,3,5-triyltris(methylene))tris(4,5-dichloro-1-
(3-hydroxypropyl)-1H-imidazol-3-ium) bromide. 4,5-dichloroimidazole (3.00g,
21.90mmol) was dissolved in THF and brought to reflux. Potassium hydroxide (2.46g,
43.80mmol) was added to the solution and allowed to reflux for 30 min. 1,3,5-
tris(bromomethyl)benzene (2.61, 7.30mmol) was added to the solution and refluxed
overnight. Solution was filtered while hot to remove the KBr precipitate and the filtrate
returned to reflux. 3-bromopropanol (3.04g, 21.90mmol) was added to the solution and
refluxed for 3h. Solution was filtered to remove the KBr precipitate, neutralized with 6M
HBr, volatiles removed in vacuo, and the resulting waxy yellow solid was washed in

ethyl ether. A resulting product will be collected and analyzed.
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Methodology of the In Vitro Cancer Screen

The MTT assay was carried out on NCI-H460 and MB-157 cancer cells to
determine the in vitro efficacy of the compounds. The cell lines were plated in 96 well
microtiter plates at 5000 cells per well and incubated at 37°C, 5% CO,, 95% air and
100% relative humidity for 12-18 hours prior to addition of experimental drugs. All
compounds including cisplatin were dissolved using a 1% DMSO/MWater solution and
then diluted into the appropriate concentration and media. Following drug addition, the
plates are incubated for an additional 72 hours test period at 37°C, 5% CO,, 95% air
and 100% relative humidity. After the test period 10 pL of MTT stock solution was
added to each well and incubated for 4 hours. Test compounds were carefully removed
and 100 pL of DMSO was added per well and incubated for 30 minutes. The optical
density was read at 540 nm and wells were averaged according to concentrations.

[052] In light of the foregoing, it should now be evident.

[053] Although the present invention has been described in considerable detail with
reference to certain embodiments, other embodiments are possible. Therefore, the
spirit and scope of the appended claims should not be limited to the description of the

- embodiments contained herein.
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CLAIMS

What is claimed is:

1. An azolium or purinium salt composition having one of the formulas (1) to (VIHII):
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wherein dashed lines in formulas (I) to (VIII) represent (i) a variable attachment
of either R or X to a corresponding ring atom, or (ii) a delocalized bond where shown |
within a ring;

wherein each X', X%, X3, X*, X5 X8 X7, X8 x° X' X", X3 X' X" and X'®
when present, may be the same or different, and is a hélogen;

wherein R' and R? are each independently selected from hydrogen, C; to Cyg
alkyl, C; to Cy substituted alkyl, C1 to Cy alkyl heteroatom groups where the
heterotatom is selected from S, O, or N, C3 to Ci cycloalkyl, C; to C42 substituted
cycloalkyl, C; to Cy2 alkenyl, C3 to C12 cycloalkenyl, Cs to C, substituted cycloalkenyl,
C2 to Cy2 alkynyl, Cs to Cs2 aryl, Cs to Cso substituted aryl, polycyclic aromatics,
substituted polycyclic aromatics, Ce to Cq, arylalkyl, C¢ to Ciy alkylaryl, C; to Ci,
heterocycﬁc, Cs to C2 substituted heterocyclic, C, to Cy, alkoxy, C4 to Cs» alcohols, C;
to C42 carboxy; biphenyl, Cy to Cs alkyl biphenyl, C, to Cg alkenyl biphenyl, C, to Cs
alkynyl biphenyl, fluoroquinolone compound and derivatives thereof, penicillin
compounds and derivatives thereof, aminoglycoside compounds and derivatives
thereof; cephalosporin compounds and derivatives thereof, glycopeptides or derivatives
thereof, sulfonamides and derivatives thereof, tetracycline and derivatives thereof, anti-
microbial compounds and derivatives thereof, steroids and derivatives thereof, anti-
inflammatory compounds and derivatives thereof, anti-fungal compounds and
derivatives thereof, anti-bacterial compounds and derivatives thereof, antagonist
compounds and derivatives thereof, chemotherapy compounds and derivatives thereof;
and tumor suppressor compounds and derivatives thereof:

wherein R%, R*, R®, R®, R”, R, R®, R'%, R"", R™2, R"*, R™, R™, R, R", R"®, and
R'®, when present, are each independently selected from hydrogen, C, to Cy alkyl, C;
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to Cyo substituted alkyl, C4 to Cy alkyl heteroatom groups where the heterotatom is
selected from S, O, or N; C3 to C+2 cycloalkyl, Cs to C, substituted cycloalkyl, C; to Cs2
alkenyl, C3 to C+2 cycloalkenyl, C3 to C+2 substituted cycloalkenyl, C; to Cyz alkynyl, Cg
to Cs2 aryl, Cs to Cy2 substituted aryl, polycyclic aromatics, substituted polycyclic
aromatics, C¢ to Cq2 arylalkyl, Cg to C, alkylaryl, C3 to Cya heterocyclic, C; to Ciz
substituted heterocyclic, C1 to Cq2 alkoxy, Ci to Ci, alcohols, C; to Cqp carboxy;
biphenyl, C1 to Cs alkyl biphenyl, C, to Cs alkenyl biphenyl, C, to Cs alkynyl biphenyl,
hydroxyl, carbonyl, amino, acetyl, acetoxy, oxo, nitro, cyano, isocyano, cyanato,
isocyanato, fluoroquinolone compound and derivatives thereof, penicillin compounds
and derivatives thereof, aminoglycoside compounds and derivatives thereof;
cephalosporin compounds and derivatives thereof, glycopeptides or derivatives thereof,
sulfonamides and derivatives thereof, tetracycline and derivatives thereof, anti-
microbial compounds and derivatives thereof, steroids and derivatives thereof, anti-
inflammatory compounds and derivatives thereof, anti-fungal compounds and
derivatives thereof, anti-bacterial compounds and derivatives thereof, antagonist
compounds and derivatives thereof, chemotherapy compounds and derivatives thereof:
and tumor suppressor compounds and derivatives thereof:

wherein when any of R?, R*, R® R®, R”, R®, R?, R'?, R"}, R", R'®, R'®, R, R®,
and R, is shown to be attached to a ring carbon atom in formulas (1) to (VIII), the ring
carbon atom may optionally be replaced by a nitrogen, oxygen or sulfur atom;

wherein at least one X is always present in each of the formulas (1) to (VIII) with
the proviso that, if one or more R is a polycyclic aromatic, then X may or may not be
present; and

wherein A’ is defined as an anion independently selected as a halide, hydroxide,
alkoxide, aryloxide, carboxylate, sulfate, phosphate, triflate, tosylate or borate.

2. A multicationic azolium or purinium salt composition having one of the formulas
(1X) to (XI):
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wherein at least two of the R groups present in formulas (IX) to (XI) are
independently selected from one of the cationic structural portions defined in formulas
(N to (VIII)
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wherein any X may or may not be present, but when present, wherein each X',
X2, X3, X4 X5, X8 X7, B, X, X0 X", X' X' X" and X'® may be the same or
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different, and is a halogen;

wherein R' and R? are each independently selected from hydrogen, C; to Cyo
alkyl, C1 to Cz substituted alkyl, Ci to Cy alkyl heteroatom groups where the
heterotatom is selected from S, O, or N, C; to Cy, cycloalkyl, C3 to Ci, substituted
cycloalkyl, Cz to Cq2 alkenyl, Cs to C4 cycloalkenyl, Cs to C2 substituted cycloalkenyl,
C2 to Cy2 alkynyl, Cs to Cs2 aryl, Cs to Cy» substituted aryl, polycyclic aromatics,
substituted polycyclic aromatics, Cs to Ci. arylalkyl, Cs to Cq» alkylaryl, Cs to Cis
heterocyclic, C3 to C12 substituted heterocyclic, C1 to Cs alkoxy, C; to C+; alcohols, C,
to C42 carboxy; biphenyl, C; to Cs alkyl biphenyl, C, to Cg alkenyl biphenyl, C, to Cs
alkynyl biphenyl, fluoroquinolone compound and derivatives thereof, penicillin
compounds and derivatives thereof, aminoglycoside compounds and derivatives
thereof; cephalosporin compounds and derivatives thereof, glycopeptides or derivatives
thereof, sulfonamides and derivatives thereof, tetracycline and derivatives thereof, anti-
microbial compounds and derivatives thereof, steroids and derivatives thereof, anti-
inflammatory compounds and derivatives thereof, anti-fungal compounds and
derivatives thereof, anti-bacterial compounds and derivatives thereof, antagonist
compounds and derivatives thereof, chemotherapy compounds and derivatives thereof:
and tumor suppressor compounds and derivatives thereof:

wherein R®, R%, R®, R®, R”, R®, R%, R"°, R"", R"2 R"®, R R'%, R'® R', R and
R'®, are each independently selected from any of the cationic structural portions of
formulas (1) to (VIIl) above, hydrogen, C4 to Cy alkyl, C4 to Cyo substituted alkyl, C4 to
C20 alkyl heteroatom groups where the heterotatom is selected from S, O, or N, C; to
C12 cycloalkyl, C; to C12 substituted cycloalkyl, C, to C4, alkenyl, Cs to C4 cycloalkenyl,
Cs to C42 substituted cycloalkenyl, C; to C4, alkynyl, Cg to C42 aryl, Cs to Cy, substituted
éryl, polycyclic aromatics, substituted polycyclic aromatics, Ce to C+ arylalkyl, Cg to C12
alkylaryl, C3 to C42 heterocyclic, C3 to C2 substituted heterocyclic, C1 to C42 alkoxy, C;
to Cs2 alcohols, Cq to Cy2 carboxy; biphenyl, C; to Cs alkyl biphenyl, C, to Cs alkenyl
biphenyl, C; to Cg alkynyl biphenyl, hydroxyl, carbonyl, amino, acetyl, acetoxy, oxo,
nitro, cyano, isocyano, cyanato, isocyanato, fluoroguinolone compound and derivatives
thereof, penicillin compounds and derivatives thereof, aminoglycoside compounds and
derivatives thereof; cephalosporin compounds and derivatives thereof, glycopeptides or
derivatives thereof, sulfonamides and derivatives thereof, tetracycline and derivatives
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thereof, anti-microbial compounds and derivatives thereof, steroids and derivatives
thereof, anti-inflammatory compounds and derivatives thereof, anti-fungal compounds
and derivatives thereof, anti-bacterial compounds and derivatives thereof, antagonist
compounds and derivatives thereof, chemotherapy compounds and derivatives thereof:
and tumor suppressor compounds and derivatives thereof; and

wherein when any of R, R* R% R® R, R® R® R'% R™ R' R'S, R'S R' R'®
and R'®, is shown to be attached to a ring carbon atom in formulas (1) to (VIII), the ring
carbon atom may optionally be replaced by a nitrogen, oxygen or sulfur atom; and

wherein Rzo’ R21, Rzz, R23, R24, R25, Rze, R27, st, Rzg’. R3°, R31, R* and R33,
when present, are each independently selected from hydrogen, C; to Cy alkyl, C; to
Czo substituted alkyl, C4 to Cx alkyl heteroatom groups where the heterotatom is
selected from S, O, or N, C3 to C4; cycloalkyl, C3 to C4, substituted cycloalkyl, C, to Cy2
alkenyl, Cs to C.2 cycloalkenyl, Cs to C1, substituted cycloalkenyl, C, to C2 alkynyl, Cs
to Cy2 aryl, Cs to Cq2 substituted aryl, polycyclic aromatics, substituted polycyclic
aromatics, Cg to Cs2 arylalkyl, Cs to C, alkylaryl, C3 to Cq, heterocyclic, Cs to Cqz
substituted heterocyclic, C; to Cs, alkoxy, C; to Cy2 alcohols, C; to Cq» carboxy,
biphenyl, C1 to Cg alkyl biphenyl, C, to Cg alkenyl biphenyl, C, to Cg alkynyl biphenyl,
halogen, hydroxyl, carbonyl, amino, acetyl, acetoxy, oxo, nitro, cyano, isocyano,
cyanato, isocyanato, fluoroquinolone compound and derivatives thereof, penicillin
compounds and derivatives thereof, aminoglycoside compounds and derivatives
thereof; cephalosporin compounds and derivatives thereof, glycopeptides or derivatives
thereof, sulfonamides and derivatives thereof, tetracycline and derivatives thereof, anti-
microbial compounds and derivatives thereof, steroids and derivatives thereof, anti-
inflammatory compounds and derivatives thereof, anti-fungal compounds and
derivatives thereof, anti-bacterial compounds and derivatives thereof, antagonist
compounds and derivatives thereof, chemotherapy compounds or derivatives thereof;
tumor suppressor compounds or derivatives thereof;

wherein any of the ring carbon atoms in formulas (X) to (IX) may optionally be
replaced by a nitrogen, oxygen or sulfur atom;

wherein for each formula (IX) to (XI), each n is a integer from 1 to 8 based upon
the number of R groups in the formula, and is the same integer; and

wherein A" is defined as an anion independently selected as a halide, hydroxide,
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alkoxide, aryloxide, carboxylate, sulfate, phosphate, triflate, tosylate or borate.

149



INTERNATIONAL SEARCH REPORT

International application No.
PCT/US 12/35773

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - AO1TN 43/54 (2012.01)
USPC - 514/258.1

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

IPC(8) -AO1TN 43/54 (2012.01)
USPC -514/258.1

Minimum documentation searched (classification system followed by classification symbols)

USPC -514/258.1,233.8,412,396,400 (see search terms below)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

mutlication, halogen, linker)

Electronic data base consulted during the intemnational search (name of data base and, where practicable, search terms used)
PubWest, Google Patents, Google Scholar, WIPO (cationic, multi, halide, formula, anion, imidazolium, purinum, salt, azolium, purinium,

C. DOCUMENTS CONSIDERED TO BE RELEVANT

para[0001], [0015}-{0017], [0025], [0034].

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2011/0034698 A1 (IGNATYEV, et al.) 10 February 2011 (10.02.2011) entire document, 1

- especially para[0033]-[0039]. ———-

Y 2

Y US 2005/0240025 A1 (GLORIUS) 27 October 2005 (27.10.2005) entire document, especially 2

D Further documents are listed in the continuation of Box C.

[

*

U

Special categories of cited documents:

document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“0” document referring to an oral disclosure, use, exhibition or other
means

“P” document published prior to the international filing date but later than

the priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

the principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

08 July 2012 (08.07.2012)

Date of mailing of the international search report

26 JUL 2012

Name and mailing address of the ISA/US

Mail Stop PCT, Atin: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No.  571.273-3201

Authorized officer:
Lee W. Young

PCT Helpdesk: 571-272-4300
PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (July 2009)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - description
	Page 55 - description
	Page 56 - description
	Page 57 - description
	Page 58 - description
	Page 59 - description
	Page 60 - description
	Page 61 - description
	Page 62 - description
	Page 63 - description
	Page 64 - description
	Page 65 - description
	Page 66 - description
	Page 67 - description
	Page 68 - description
	Page 69 - description
	Page 70 - description
	Page 71 - description
	Page 72 - description
	Page 73 - description
	Page 74 - description
	Page 75 - description
	Page 76 - description
	Page 77 - description
	Page 78 - description
	Page 79 - description
	Page 80 - description
	Page 81 - description
	Page 82 - description
	Page 83 - description
	Page 84 - description
	Page 85 - description
	Page 86 - description
	Page 87 - description
	Page 88 - description
	Page 89 - description
	Page 90 - description
	Page 91 - description
	Page 92 - description
	Page 93 - description
	Page 94 - description
	Page 95 - description
	Page 96 - description
	Page 97 - description
	Page 98 - description
	Page 99 - description
	Page 100 - description
	Page 101 - description
	Page 102 - description
	Page 103 - description
	Page 104 - description
	Page 105 - description
	Page 106 - description
	Page 107 - description
	Page 108 - description
	Page 109 - description
	Page 110 - description
	Page 111 - description
	Page 112 - description
	Page 113 - description
	Page 114 - description
	Page 115 - description
	Page 116 - description
	Page 117 - description
	Page 118 - description
	Page 119 - description
	Page 120 - description
	Page 121 - description
	Page 122 - description
	Page 123 - description
	Page 124 - description
	Page 125 - description
	Page 126 - description
	Page 127 - description
	Page 128 - description
	Page 129 - description
	Page 130 - description
	Page 131 - description
	Page 132 - description
	Page 133 - description
	Page 134 - description
	Page 135 - description
	Page 136 - description
	Page 137 - description
	Page 138 - description
	Page 139 - description
	Page 140 - description
	Page 141 - claims
	Page 142 - claims
	Page 143 - claims
	Page 144 - claims
	Page 145 - claims
	Page 146 - claims
	Page 147 - claims
	Page 148 - claims
	Page 149 - claims
	Page 150 - claims
	Page 151 - wo-search-report

